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HMI Design for V2X Communication
Refining Car Collision Warning with E-scooters to Improve User Experience

Degree Project Report in Industrial Design Engineering
Ying Luo & Yifan Zhang

Department of Industrial and Material Science
Chalmers University of Technology

Abstract

Have you ever encountered a situation when an e-scooter suddenly appeared out
of nowhere while driving? E-scooters are becoming increasingly popular, mean-
while, they present new safety challenges for urban transportation, especially for
car drivers.

To address these challenges, this master’s thesis project focused on developing a
collision warning system for cars that integrated with Vehicle-to-Everything (V2X)
technology and Human-Machine Interface (HMI) design principles. The objective is
to increase the driver’s awareness and experience, consequently reducing the risk of
collisions between cars and E-scooters. Through three design iterations, the optimal
parameters for modality, form, and timing of collision alerts were explored, leading
to the development of a final multi-modality HMI concept and guidelines for V2X
collision warning design.

Keywords: Vehicle to Everything, Warning Design, E-scooter, HMI design, Design
Iteration, Usability Testing
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Introduction

1.1 Background

This thesis project aligns with the ongoing project “e-Safer”, responding to the
increasing popularity of e-scooters in cities worldwide. While this vehicle brings
many advantages, especially in terms of its ability to decrease emissions, conges-
tion, and noise pollution, it also makes urban transportation more complex. Due
to the scooter’s distinctive driving characteristics [1] compared to the traditional
vehicles, given the smaller size, faster acceleration, and enhanced maneuverability,
drivers face new challenges in detecting the blind spot and predicting its move-
ment trajectory for decision-making. Furthermore, there are no established social
norms, traffic regulations, or access to infrastructure for e-scooters [2], which makes
it considered a more dangerous threat than bicycles. Thus, establishing a safety
interaction between drivers and e-scooterists emerges as a crucial concern in this
context. Thus, establishing a safety interaction between drivers and e-scooterists
emerges as a crucial concern in this context.

To address these challenges, Vehicle to Everything (or V2X) technology with its
potential to connect different devices seamlessly, opens up possibilities to solve the
problem in new ways. With the application of this technology, the project can pro-
vide an improved Human-Machine Interface (HMI) that is displayed to car drivers,
enhancing their ability to drive safely and make decisions more effectively.

The popularity of e-scooters [3] has made road conditions more complex, which
makes it more difficult for drivers to make correct decisions. Therefore, the as-
sistant information provided to drivers by HMI becomes more important. Relevant
information such as the intention and movement of the e-scooter need to be conveyed
to drivers to enhance their situational awareness and help them make informed deci-
sions to avoid collision. The information can vary in type, sensory input, placements,
as well as how it pops up.

1.2 Project Scope

1.2.1 Aim

This project aims to design a user-centric car HMI that is used in the cockpit to
effectively convey information and reduce the risk of collisions between cars and
e-scooters in possible scenarios.
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1.2.2 Objectives

The project finally delivered several objectives as the expected results:

o High-fidelity HMI interfaces for specific situations.

« Suggestions regarding which elements (such as trajectory, direction, timing,
criticality, vehicle type, etc.) should be used for an effective warning can
significantly influence the requirements of V2X technology.

o Design guidelines for developing future V2X warning, mainly about how to
convey the information, which includes appearance, position, modality, and
stages.

1.2.3 Limitations

The study only focused on the communication between cars and e-scooters at the
intersection and the on-road scenarios. The scenario we chose included only a blind
spot warning and forward collision warning, however, in the real world the situation
can be much more complex. This study didn’t extend to discuss the relationship
between e-scooters and other vehicles in other scenarios.

1.3 Collaborated Company

The collaborating company for this project is Magna Electronics, specifically
aligned with Magna’s Research and Innovation department’s project called "e-safer."
Magna’s core value is "Think Big," and as one of the largest automotive suppliers
globally, Magna has always focused on offering state-of-the-art solutions for cus-
tomers. This project aims to provide guidelines for V2X warnings and explore po-
tential radar technology solutions, which will greatly benefit future drivers in urban
transportation.

1.4 Report Structure

This report are divided into 11 Chapters. The following is a brief capture of each
Chapter.

1. Introduction - Introduced the background of this subject and the project
scope.

2. Theory - Conducted literature research, and organized and summarized the
theories related to this report.

3. Methods - The main methods used for the project are detail interpreted.

4. Process - This chapter introduced the preliminary preparation work, includ-
ing literature inclusion, iteration plan, market research, and scenario choosing.

5. Market Research and Foundations - This chapter begins with a depiction
of the market research that concluded the existing concepts from the bench-
marking analysis. It then outlines the process of setting the default layout and
selecting the scenario for the next phase.
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10.

11.

1st iteration - This chapter compiled benchmarking results to create an in-
formation framework. Following this, implement the concepts (Demo A-G)
into the default layout for initial usability testing. The results of it are moved
to the 2nd iteration.

2nd iteration - This chapter introduces the second iteration of warning de-
sign and usability testing. Most warning features, except for placement, were
identified as a result of this round of usability testing.

3rd iteration - This chapter introduces the third iteration of warning de-
sign and usability testing. The details of warning placement were thoroughly
addressed.

. Final Solution and Guideline - The results obtained from three rounds

of iterations were summarized, and a comprehensive design plan and design
guidance were proposed.

Discussion - In this chapter, the results are discussed together with limita-
tions and future work.

Conclusion - This chapter reviews and summarizes the entire report.
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Theory

This chapter addresses the theoretical aspects of this project. Related theories are
discussed and compared. The theories cover V2X technology, staged warning, multi-
modality situational awareness, car HMI warning design principles, and cognitive
ergonomics-related theories.

2.1 V22X Technology

V2X (Vehicle-to-Everything) refers to the communication system that enables vehi-
cles to exchange information with various entities in their environment, such as other
vehicles (V2V), infrastructure (V2I), pedestrians (V2P), and networks (V2N). With
the development of wireless communication, vehicular ad hoc networks (VANETS)
can be achieved, where the vehicles act as nodes that broadcast different data (e.g.,
for safety or entertainment purposes)[4]. This technology allows vehicles to share
their locations, speed, and travel directions in real time to improve road safety and
traffic efficiency by wireless technology [5]. V2X technology brings increased aware-
ness capabilities provided by the cooperative messages, unique HMI systems are
required to present this information that goes beyond the scope of non-connected
systems and clearly provided to drivers. To be mentioned, the realization of V2X
functions mainly relies on the vehicle’s existing wireless communication function, so
there is no need to install additional hardware on the vehicle.

Advantages

V2X technology can significantly improve safety for drivers and pedestrians if it is
properly applied, where the most common use case is in vehicle collision systems to
predict its environment and avoid disaster. With V2X, collision warning systems
can alert drivers to potential dangers even before critical objects come into view.
This means that drivers may not have any visual cues about upcoming road hazards
when they receive the warning. Instead, they rely on the system to provide detailed
information about potential accidents, allowing them to react more quickly [6].

Furthermore, V2X technology can help create fuel-efficient vehicles. When cars can
collect information about traffic jams, stoplights, and speed zones, they can translate
this information into recommended routes. This increases fuel efficiency and avoids
unnecessary stops.
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Limitation

However, with the development of these information exchange technologies, car sys-
tems can provide an overwhelming amount of information, far exceeding what the
human brain can process simultaneously. Therefore, if the information obtained
through V2X is transmitted to the driver without proper processing, it is likely to
cause driver distraction, thereby increasing the probability of driving accidents [4].

2.2 Staged Warning

The multi-staged warning system provides drivers with continuous and graded alerts
based on the division of pre-crash warning scenarios, allowing them to take appro-
priate measures according to the urgency of the alert [7]. Designing staged warnings
requires careful consideration of the warning’s purpose and the criticality of the
situation.

Single-stage warnings are effective in alerting drivers to imminent threats and min-
imizing the likelihood of false or nuisance alarms. In contrast, multi-stage warnings
are beneficial for providing continuous information, such as a visual display of de-
creasing proximity to a lead vehicle in a forward collision warning system[8].

Numerous studies support the value of staged warnings, showing positive effects on
driver performance, response to dangerous situations, and comprehension of sys-
tem operation. Staged warnings may consist of two or more levels of cautionary
information that increase in urgency proportionally to the criticality of the hazard
situation, both in timing and modality. Normally, a single-stage warning provides
only an imminent collision warning, requiring immediate corrective action. In con-
trast, a two-stage warning can also offer a cautionary collision warning before the
imminent collision warning [8].

It should be noticed that although multi-staged warnings outperformed single-stage
warnings in terms of objective utility and longitudinal car-following performance,
the user experience, subjective utility, and trust in multi-staged warnings could be
worse [7].

2.3 Multi-modality

Warnings can come in various forms. The way warnings are presented can affect
driver responses and behavior. The appropriate type of warning modality depends
on the driving environment (e.g., expected vehicle/cab noise and vibration, hazard
scenarios), the criticality of the message (e.g., hazard versus non-hazard situations),
the location of visual displays, and other factors [8].

Commonly used senses in car collision warning systems include sound, vision, and
touch, shown in the Figure 2.1, which correspond to audio warning, visual warning,
and haptic warning.
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» Visual messages are best for presenting more complex information that is
non-safety-critical and does not call for immediate action. Visual warning can
be distracting when it is presented in a standard location inside of the vehicle
(e.g. Cluster and infotainment) this is because it requires the driver to look
away from the roadway to acquire the message.

e Auditory warnings can quickly capture the driver’s attention and is suit-
able for presenting short, simple messages requiring quick or immediate action
including high-priority alerts and warnings [8]. It can be particularly effective
to get the driver’s attention back to the situation when the driver is distracted
or not looking at the roadway. Horberry et al. [9] found that tactile warnings
were consistently preferred over visual and auditory warnings, the possible
reason might be that tactile warnings are considered less likely to be confused
with other similar types of stimuli in the cabin.

« Haptic messages are similar to auditory warnings, which are capable of
quickly capturing the driver’s attention and can be used if an auditory mes-
sage is unlikely to be effective. Haptic messages can be divided into vibrotactile
and kinesthetic. Vibrotactile interfaces provide information to the driver using
vibrations and may be included in seat belts, seats, foot pedals, and the steer-
ing wheel. Kinesthetic interfaces provide information by causing limb or body
motion. The review by Campbell [8] stated that haptic messages could be
useful when drivers are engaged in secondary tasks or using portable services
not under their control.

Multi-modal feedback is commonly recommended for car collision warnings. Many
works of the literature suggest that combining auditory and visual messages
when presenting warnings can improve performance compared to only utilizing visual
warning systems [10] [8].

It is the same for the combination of tactile and visual warning. Researchers
found that using the combination of tactile and visual warnings can also reduce
users’ reaction time compared to using only visual warnings.

However, combining auditory and tactile messages in the same warning will not
improve users’ reaction, however, it will reduce the drivers’ effort [11].

It is important to notice that multi-modal warning can lead to an increase in driver
subjective workload, the effort invested by humans into task performance, which
in turn causes a decrease in the utility of the warning. Therefore, it is suggested
that when evaluating different modalities, evaluate both objective indicators, such
as usability, but also subjective indicators, such as mental workload and satisfaction

[7].

The modality for providing information can vary for different stages of a multi-stage
warning system. In low-emergency situations, visual warnings are appropriate, as
they are suitable for presenting non-safety-critical information that does not require
immediate action. As the degree of emergency increases, a combination of visual
and audio warnings or visual and haptic warnings can be used. The urgency can
be escalated by increasing the intensity of the stimuli, for example, by increasing

7
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Auditory

Tactile

Figure 2.1: Multi-modality

the frequency and loudness of sounds. In extremely high-danger situations, highly
stimulating haptic warnings can be applied at the last moment to prompt a quick
response from drivers [8].

The appropriate warning modes can vary for different types of warnings, such as
front collision, lateral collision, or rear-end collision. Zhao et al. [10] suggested that
Human-Machine Interface (HMI) systems should provide only visual warnings for
forward collisions but offer visual and auditory warnings for lateral and rear-end
collisions.

Demographics such as the driver’s age and years of driving experience can also affect
drivers’ responses to collision warnings. For example, experienced drivers are more
sensitive to auditory warnings than new drivers so auditory warnings are particularly
useful for them compared to new drivers [10].

2.4 Car HMI Design

Car HMI design involves various relevant factors. The following is a summary and
comparison of these factors based on a review of the pertinent literature.

2.4.1 Placement

The placement of the warning is one of the key factors in car warning design. Camp-
bell et al. [8] elaborate on some general design principles of placement in their arti-
cle, suggesting that visual warnings should be presented on a single physical display
rather than on separate displays. Driver responses are likely to be better if messages,
even those from different devices, are shown on a single display.

8
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The warning information should be separated according to its criticality before be-
ing displayed. When non-safety-critical information is presented inside the vehicle,
it should be positioned near the periphery of the driver’s field of view to avoid dis-
tracting from the immediate driving task. Three in-car displays that are commonly

used to place warnings are introduced beneath, namely Instrument Cluster, HUD
and Infotainment. The Figure 2.2 shows the common three in-car displays.

Figure 2.2: Three common In-car Displays

Instrument Cluster

Instrument Cluster, cluster, or information cluster is a specific part of the dashboard
located directly in front of the driver, containing gauges and warning lights. It is
designed to provide the driver with important information about the vehicle’s status
at a glance [4].

HUD

Head-UP display (HUD) is a small screen or image that appears as a floating,
transparent display in the driver’s foveal field of view. The standard size of the
display is approximately 7 x 20 cm. Due to the short distance between the HUD
and the driver’s line of sight, the driver can quickly switch their focus between the
road and the display.

Before, HUD presented information which almost exclusively devoted to the tasks
critical for or related to driving [13]. However recently, with the popularization of
HUD in passenger cars, they are adopted as an emerging device to not only provide
drivers with driving aids but also reduce the visual workload caused by warning
messages.



2. Theory

Although there are many literature reports on the advantages of HUD, such as that
it causes minimal distraction compared to displays in other positions, there are
also downsides that can cause driver distraction and confusion. Gerrit Meixner and
Christian Miller [13] claim in their book that although HUD is located very close
to the driver’s sight while driving, they still need to focus on either one of them.
They can not focus on both. Besides, although the display could be transparent, it
could also partially occlude essential parts of the road scene.

Infotainment

Infotainment usually visualizes information about entertainment, communication,
and office-related functions that are not directly related to the vehicle or road
situation[4].

2.4.2 Warning Content

Although V2X technology can provide an abundance of information to drivers, de-
signers must ensure that the information is sufficient but not excessive. Overloading
drivers with too much information can cause distraction and increase their workload.

Another important rule is to avoid false and nuisance warnings, as they can cause
driver distraction, lead to incorrect decisions and responses, and even increase the
driver’s reaction to true warnings. Nuisance alarms are alarms that convey the
correct information but are not what the drivers need or want. The possible reason
could be the drivers were already aware of the threats or believed that the threat
would be resolved without driver intervention [§].

2.4.3 Timing

The criticality of situations for human drivers can be reduced when advisory warn-
ings are given early. Galich’s article [12] clearly shows that advisory warnings can
enhance drivers’ awareness, leading to earlier braking.

Several statements in the literature claim that the optimal warning time is 2 seconds
before the latest possible moment. Therefore, warnings are typically shown to the
driver 1-2 seconds before the last possible moment. This timing may maximize
driver performance [12].

Generally, it is challenging to establish a universally optimal timing, as it must be
tailored to different scenarios and integrated with various warning design factors,
such as stimulus intensity, modality and so on.

Other literature explored the different timing requirements for Staged warnings. Ma
et al. [7] separated warning into two stages: pre-warning and collision warning. The
warning time for these two stages was different. The collision warning was triggered
when the Time-To-Collision was less than 3s, while the Pre-warning was sent to the
driver when the Time-To-Collision was greater than or equal to 3s and less than 5s.

10
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2.4.4 Visual Warning Colors

Effective use of color can help drivers group and code information, attract their at-
tention more quickly, and facilitate the interpretation of information, particularly for
different levels of warning [4]. Cultural aspects should be taken into consideration
when designing ergonomic warnings, as different cultures have different understand-
ings of colors.

In a Western cultural context, red is associated with danger, amber or yellow with
caution, and green with a problem-free state. Based on these assumptions, red
should be used for high-priority warnings that demand immediate action from the
driver. Amber or yellow should be used for less critical warnings, and green should
indicate incident-free conditions or successfully executed actions, meaning it should
not be used for warnings at all [4].

However, using red to display the highest level of danger on the instrument panel
might be inappropriate. This is because the instrument cluster typically uses red
for other warnings, such as car trouble alerts. In such cases, the high priority of the
collision warning might not be perceived correctly, increasing the driver’s cognitive
load.

Color alone is not enough to convey a warning message; it always needs to cooperate
with other kinds of information, such as icons or graphics [4] to correctly convey
warning information.

2.4.5 Icon Message and Text Message

Icons are simple, minimalistic graphical representations that symbolize an object,
action, situation, status, or idea. The condensed information they present makes
them well suited to represent safety-related messages, thereby significantly speeding
up drivers’ processing steps compared to text-only [4].

In the design of warnings, text labels are often used together with graphic labels to
convey warnings to drivers intuitively. Text warnings alone are less effective than
graphic warnings or the combination of graphics and text. When using warnings in
text form, it is essential to note that the longer the message, the lower the degree
of urgency it can convey; the warning message should be within the length of two
information units, such as "forward collision," to achieve an early warning effect [§]
[4]. Rui et al. [44] article also stated that a short advice message is better than
detailed instruction information.

2.4.6 Dynamic and Static Warning

Dynamic and static elements are commonly used in the warning design. Kraft et al.
(2020) [14] claim that static symbolic warnings might be better than dynamic warn-
ings. Firstly, a dynamic warning with its continuously changing feature may lead to
more glances toward the display and cause distractions for the drivers. Moreover,
static symbols can suffice to drive safely when the driver gets used to the system.
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Kraft et al. [14] conclude that although dynamic warning can distract the driver
to a significant level, it was highly accepted by the participants. It can hardly
objectively increase usability or safety but subjectively increase driver’s satisfaction.
Static versions of warning are not subjectively preferred to the dynamics. With
the context of the V2X technology and more information available to drivers, Kraft
et al. [14] suggested adopting dynamic warnings to increase drivers’ trust in the
system.

2.4.7 Audio warning and format

Auditory information is also an important part of warning design. Researchers have
shown that for experienced drivers, driving performance is better when the warnings
are combined with visual and auditory messages. The possible reason could be that
the eye-road time can be reduced when two of these modalities are adopted[10].
Rukonic et al. [9] reported a similar result: voice interaction with a car seems to be
a novelty to older drivers.

Audio warnings can also be in various formats. Many studies have found that
speech-based warnings are more effective and preferred by drivers. Rukonic et al.[9]
conclude after a series of qualitative and quantitative data analyses that speech
messages were more effective in conveying warning information than sound-based
warnings to drivers. It is found that an auditory collision warning presented as a non-
verbal 1,000 Hz tone or a verbal warning (‘danger!’) reduced crashes following task-
induced fatigue. Gerrit Meixner and Christian Miiller [13] concluded that natural
speech interfaces provide the lowest cognitive load and highest user satisfaction
among different modalities.

2.5 Cognitive Ergonomics

Car driving requires seamless interactions of multiple cognitive abilities. Here Situ-
ational awareness and cooperative perception are introduced.

2.5.1 Situation Awareness

Cognitive ergonomics emphasizes improving driver awareness by better expressing
the system’s contemporary state [15]. Drivers need this awareness to identify nec-
essary actions and anticipate future developments based on their current under-
standing of the situation. Recognizing potential risks and connecting sensory cues
is crucial for making informed decisions while driving [16]. Technologies such as
advanced visualization tools and heads-up displays help drivers quickly comprehend
complex scenarios. Effective human-machine interface (HMI) design improves sit-
uational awareness, enabling drivers to make contextually appropriate decisions in
dynamic environments, ultimately enhancing performance and safety.

From Endsley’s theory [15], situation awareness could be explained as "the percep-
tion of the elements in the environment within a volume of space and time, the
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comprehension of their meaning, and the projection of their future status’ So it is
typically divided into three levels: i)Perception, ii)Comprehension (understanding),
iii)Projection. It also consists of various variables, such as individual, task, and
environmental factors, that can influence the formation of awareness.

There are also guidelines for guiding the design practice, which is also aligned with
the three levels [16].

1. Organize information around the goal.

2. Present level 2 information directly — support comprehension.

3. Provide assistance for projection.

The first guideline indicates that the user interface should convey important infor-
mation in a way that is easy for drivers to integrate and process. Setting a clear
goal and displaying information (e.g.progress) based on it can help users understand
quickly. The second point is to simplify the user’s comprehensive process and di-
rectly point out the prompt information that users can quickly understand based on
their past long-term memory storage, consistent with previous research. The third
point is to help the projection of the future state by changing assistance information.
Another note that needs to be considered in subsequent designs is information over-
load, which may cause a high workload for the driver and affect SA. An underload
that is in a loose state can also negatively affect SA.

2.5.2 Cooperative Perception

Cooperative Perception, which is also known as collective perception. The gathered
information can form an understanding of the traffic and road conditions. V2X
could enhance this process by gathering more information from other sensors (on
infrastructure or other cars) to build the collective perception [12].
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Methods

This chapter introduces the method used in this project to build a pragmatic de-
sign process and solve the problem of when, where, what, and how to deliver the
information to drivers. Ultimately achieving the objectives stated in Chapter 1.
The project involves an iterative design process, with three iterations following a
similar structure. Therefore, the methods are presented here only once as a basic
framework, with more detailed adjustments outlined in each iteration chapter.

3.1 Human-centered Design (HCD) Approach

Prioritizing the driver’s needs is crucial to creating an effective driver interface for
an in-vehicle warning system. Considering the organizational and environmental
contexts in which driving tasks are performed, stakeholder involvement is also an
essential part of the design [17]. While previous studies have used an HCD-type
process for developing driver assistance [18] and driver fatigue warning systems [17],
there has not been a specific focus on HMI design for warning e-scooters.

HCD is valued for its iterative nature, meaning the process involves constantly
re-understanding needs, adjusting designs, testing and evaluating, and continuing
to iterate. Horberry et al.[17] provide a reference framework with nine phases,
however, due to time and resource limitations, we will base our project process
on "ISO 9241: 210," [19] which outlines four fundamental HCD activities for the
system’s design: understanding and specifying the context of use, specifying user
requirements, producing designs to meet these requirements, and evaluating the
designs.

3.2 User Study

User studies are integral to all processes involving communication with users. Es-
pecially in the iterative process, interviews will be conducted in all three iterations
to gather demographic information and guide free discussions to collect user in-
sights. More specifically, the methods used include semi-structured interviews and
KJ-analysis.
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3.2.1 Interview

An interview is a qualitative research method used to collect primary data. Through
interviews, a wealth of information about warning design and user needs can be
obtained. In this project, semi-structured interviews are primarily applied. This
method involves collecting data by asking predefined questions, but the questions
are not asked in a set order or with fixed phrasing. It differs from structured inter-
views and open-ended questions, striking a balance between flexibility and ease of
management.

3.2.2 KJ-analysis

KJ-analysis, also known as thematic analysis, is a bottom-up method used to ana-
lyze qualitative data [20]. This method involves marking common codes from the
collected data to identify important themes in the feedback. An affinity map is typ-
ically used in this process to highlight, gather, code, and interpret these themes. In
this project, both top-down and bottom-up analysis methods were used. Bottom-up
analysis involves receiving information from the environment or context and pro-
cessing it to build an understanding of the situation, while top-down analysis uses
previous knowledge to interpret current input. Themes such as important factors
influencing HMI design were categorized based on information from benchmarking.
For analyzing qualitative data from interviews, the coding process was conducted
in a bottom-up manner to identify new design issues.

3.3 Usability Testing

The primary method used for evaluation is usability testing, which generally involves
testing the functionality of a prototype as users attempt to complete tasks related
to it. In this project, more specifically, formative usability testing was employed.

3.3.1 Formative usability testing

This approach differs from summative usability measurement, which focuses on
achieving overall task goals. Formative usability testing aims to identify usability
issues and design interventions to improve or refine the system. It is closely related
to iterative design practices, where the goal is to identify areas for improvement,
make modifications, and then test again [21]. The project utilized empirical meth-
ods, including standard formative usability testing without the think-aloud protocol
[22]. Although participants could voice their opinions if they felt strongly about
something, it was not a mandatory requirement. This is because a questionnaire
was provided to gather their comments on each aspect of the usability testing.

Nelsen 5 User Rules

The recruitment for testing followed the 5-user rule, which, as Nielsen stated, can
uncover 85% of usability problems in a single test [23]. However, it is important to
note that this does not mean five users are sufficient for the entire testing process—a
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common misinterpretation. Instead, this rule is typically applied in an iterative de-
sign process with multiple rounds, allowing remaining usability issues to be identified
in subsequent iterations [21]. Therefore, this project included five to six participants
for each iteration, with a total of three iterations planned.

According to Lewis’s research, although each iteration of small-sample-size formative
usability testing may generate diverse user feedback addressing different aspects
of the design, the process still contributes to a hill-climbing trajectory aimed at
improving user experience and eventually reaching an optimal experience peak [21].
Additionally, the project limited the required actions for participants to manage task
complexity, thereby reducing the influence of extraneous factors, as recommended
by Lewis.

Post-task and Post-session Usability Testing

In usability testing, post-task and post-session questionnaires serve distinct pur-
poses and are administered at different times. A post-task questionnaire is given
immediately after a participant completes a specific task. Its primary goal is to
capture the participant’s immediate impressions and reactions to that particular
task [24]. This type of questionnaire typically includes questions about the ease or
difficulty of the task, any problems encountered, and the participant’s satisfaction
with their performance. By focusing on individual tasks, post-task questionnaires
provide detailed insights into specific elements of the user experience.

On the other hand, a post-session questionnaire is administered after the participant
has completed the entire usability testing session, which may include multiple tasks
or interactions. The aim is to gather comprehensive feedback on the overall experi-
ence [24]. Participants are often asked to rank various aspects of the session, such
as different demos or features, from most to least preferred. They may also provide
overall ratings of usability, satisfaction, and any other general comments about the
session. By asking participants to explain their rankings and choices, post-session
questionnaires encourage deeper reflection on the features that influenced their over-
all experience.

Measuring Usability

As previously described, typical definitions of usability involve measurements of
effectiveness, efficiency, and satisfaction (summative) or the identification and res-
olution of usability problems (formative). Following the Human-Centered Design
(HCD) method, the project has created a use description 4.1, which defines how the
final objectives should be used and guides the metric setting for questionnaire usage.
Inspired by the System Usability Scale (SUS) [25], the project selected the clarity
of warnings, ease of awareness of warnings, and satisfaction with the design as the
main aspects for measurement. Additional specific questions will be addressed in
the Iteration chapter.
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3.3.2 Sensitizing

The sensitizing process triggers participants to think, reflect, and explore their per-
sonal context. Sensitizing concepts is foundational in qualitative research, offering
a flexible starting point for interpretation and understanding complex phenomena.
In this project, sensitizing storytelling is used to prepare participants for engaging
with the driving simulator and interfaces. Before each session, a story is presented
that sets the context of the driving scenario, immersing participants to focus on
the safe driving process. This strategic use of sensitizing concepts enhanced the
data collection by making the participants more aware of and reflective about their
experiences, thereby enriching our insights into the objective.

3.3.3 Experience Prototype

Experience Prototyping creates realistic and immersive scenarios for participants. It
allows researchers to build prototypes at any complexity level to imitate key features
of the product, either simple or advanced, to evaluate and refine its user experiences.
This method is valuable in three key activities within the design and development
process: understanding existing user experiences and context, exploring and evalu-
ating design ideas, and communicating ideas to an audience [26]. It enables users to
provide feedback based on their interactions with the prototype and facilitates the
exploration of new ideas.

In this project, the method is utilized by immersing participants in a simulated driv-
ing environment to test various driving interfaces and warning concepts. Initially,
the environment was represented on a large screen with the addition of a car seat,
a separate screen (instrument cluster), and a steering wheel in later iterations for
enhanced realism. Another screen mimics the infotainment system and cluster, and
lastly, the large screen also simulates the windshield.

3.4 Prototyping Method

Prototyping method is commonly used through the designer’s working process. It
equips designers to start from a simple and rough model to a completed functional
product.

3.4.1 Video Prototyping

Video prototyping is a broadly employed technique [27] that enhances the design by
incorporating scale scenarios, simple mock-ups, etc. Compared to field experiments,
it allows for more collaborative and controlled experimentation. Designers can easily
develop multiple alternatives and compare, categorize, and refine the concepts.

In this project, the Video prototype is also used to evaluate contextual elements
such as different driving situations. Filmed videos offer factual context, which is
important in scenario choosing, this has been tested in Rukonié’s research [9]. This

18



3. Methods

Design Iterations

Figure 3.1: Design Iteration Process

method enables designers to ensure that multiple participants experience the ex-
act same material with varying versions of interaction. Animation also allows the
designer to facilitate the interaction and easily tweak it when needed.

3.5 Design Iteration & Project Management

Waterfall and Agile methods are used for project management, which keeps the
project on track and provides flexibility. The Waterfall model helps determine the
main phases: Understanding, Basic Settings, Design iterations, Final solution, and
Documentation. Milestone meetings (dividing lines) are set to decide whether the
process is sufficient to proceed to the next phase. The whole process is displayed in
a Gantt Chart in Figure 3.3 to help the project with time management.

The Agile method is applied throughout the process, particularly in Design Iteration.
By following Five User Rules [23](which recommend multiple iterations and at least
five participants for each round), iterative HMI solutions are developed based on
usability problems identified from feedback. Each iteration includes three main
steps, shown in Figure 3.1: user study, HMI Design, and Evaluation. This iterative
cycle allows the project to start with a broad scope of concepts and narrow it down
after each iteration to arrive at the final demo. A robust framework for developing
and refining design solutions can be established by combining these structured stages
with iterative cycles.

Project Method

Horberry’s interpretation of the HCD process [17] underscores its iterative nature,
beginning with a three-phase understanding stage. This stage involves a literature
study, developing a context of use description, and interviewing end-users. These
findings are then used to identify user needs and associated design requirements in
the next stage. The subsequent stage comprises two design workshops to gather
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Figure 3.2: Project Human-centered Design Method

stakeholders” input. The design is then operated, HMI evaluation studies are con-
ducted, and the HMI concepts are finalized. Additionally, Lewis’s research [21] sug-
gests that iterative usability testing alone may not guarantee a sufficiently usable
design. Understanding the competitive design landscape is crucial when operating
within an existing design space.

Therefore, inspired by the previous research, a unique and tailored Human-centered
Design (HCD) was developed specifically for this project. The HCD method, a
cornerstone of our approach, encompasses 6 distinct phases: literature study, mar-
ket research, use description & basic setting, 1st iteration (industry interview with
stakeholders), 2nd iteration (end-user), and 3rd iteration (stakeholder and end-user).
Each iteration follows an iterative process, as previously outlined, demonstrating the
method’s vital role in our project. The method is shown in the Figure 3.2.

A literature review could provide a theoretical foundation and guide the project’s
direction, so it is good to conduct it early. Since the project focuses on V2X, which
is a topic that has been discussed previously, some existing warning designs might
work well. Thus, market research at the beginning could help the project capture
the development in this field. Then, after gaining a fundamental understanding
of the situation, a basic setting phase will apply to set the default interface used
for further design development, choose the scenario for testing, and generate a use
description as criteria for testing the questionnaire. When all the understanding
and preparation work has been done, three design iterations will be conducted to
generate the final solution. Each iteration will involve stakeholders and end-users
to generate feedback to guide the design operation and then evaluate the adjust-
ment effectiveness. To have a realistic starting point and shorten the process due to
limitations, this HCD method combined interviews with usability testing: 1st itera-
tion will test the existing V2X warning designs mainly with experts in the industry
(stakeholders), 2nd iteration will evaluate the end-user, and the third iteration will
involve the mix to finalize the concept.
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Process

This chapter introduces the project process, presenting an iterative plan and objec-
tives for each phase. It starts by showcasing the iterative plan, which demonstrates
the strategic approach to planning phases to achieve the project’s goals. Subse-
quent sections explore the process’s design, outlining how ideation, evaluation, and
analysis will be conducted to ultimately fulfill the project’s aim.

4.1 Overall Plan

The process was initiated with a context study consisting of a literature review and
benchmarking. This context study aimed to gain a basic understanding of V2X
warning and the collision scenario for cars and e-scooters. Chapter 2 literature
study aspired to provide knowledge of related fields, as well as contribute to the
research criteria for Use Description 4.1. Benchmarking was instrumental in identi-
fying research problems and exploring the potential of applying other existing warn-
ing designs to E-safer’s focused testing scenario. The context study was significant
in defining the scope and finding criteria/frameworks to guide the project’s activity
planning. Based on the context study, the project was followed with an iterative
design process that was divided into three design iterations, illustrated in Appendix
A. Each phase will have an understanding stage that depends on the findings from
the previous one. The overall plan figure can be found in the Appendix A.

Context of Use Description - Criteria

From Kraft’s research of trust and stress level [14] and Horberry’s research [17], the
interface design should give a clear warning to inform the driver easily to understand
what’s happening, and it is able to be aware the driver with the emergent situation.
Additionally, drivers are satisfied with the design.

4.2 Literature Inclusion

To understand better the related theories and the cut-edge technology development,
a literature review was first conducted. The process is shown in the Figure 4.1.

Google Scholar was chosen as our database. The following keywords were used, “car
collision AND HMI AND user”, “V2X AND HMI AND Situation Awareness”, and
“Driver Attention AND intersection AND warning AND human factors”, as these
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three keywords covered the directions that are related to our project. The literature
searches were dynamic as the field of car HMI design integrated with V2X is new
and emergent.

According to the order in which the articles appeared in the search, the title and
abstract of each document were read in turn. By the end of the literature research
stage, a total of 82 articles were included in the selection. The literature was moved
to the software Zotero for further reading. Zotera is free and open-source refer-
ence management software that can manage bibliographic data and related research
materials [28].

After further review of the 82 selected documents, the articles were scored on a
scale from one to five based on their relevance to the research topic of the project,
with five points indicating the highest relevance and one point indicating the lowest
relevance

Finally, 15 pieces of literature were rated for 5 stars, 21 literature with 4 stars and 45
literature with 3 three stars. The most relevant articles rated 5 points were carefully
studied and compared, and the articles rated 4 points and 3 points were stored for
easy access when needed.

4.3 Market Research

Identifying the current V2X warning designs in the market is crucial as one of
the project’s initial stages. It can help find the current development frontier of
V2X technology in HMI Design and understand the general rules for designing HMI
warnings. It can help us target potential areas for changing the warning and collect
compulsory information that needs to be shown to drivers.

The process began with general market research and was followed by benchmarking
analysis, which aimed to identify current V2X Warning designs and draw concepts
from them. Later, the Foundations section sets the default layout of the interfaces
the project would use for further design implementation. Meanwhile, a scenario-
choosing phase was also conducted to select the video used for the testing scene.

4.4 Scenario Choosing

There are numerous collision situations between bicycles and vehicles at urban in-
tersections, which is a similar scenario for e-scooters and vehicles as well [29]. Due
to time constraints, this project will focus on scenarios currently being addressed in
the “E-safer” project, specifically the blind spot warning and forward collision warn-
ing. Figure 4.2 illustrates these two scenarios: the blind spot warning occurs when
an e-scooter approaches from a car’s blind spot, and the forward collision warning
describes a situation where a car intends to go straight while an e-scooter suddenly
turns into the car’s path.
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Figure 4.1: The Processes and Results of Literature Inclusion and Rating
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Figure 4.2: Two Scenarios in this Project
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To manage the testing, the group decide to use the Dynamic Video Method to build
the scenario. Thus, finding driving videos online and clipping the appropriate part
from it are being conducted. We have started by searching the driving video in
Sweden and clipping some relevant scenarios. Then, the group discussed with the
company experts and chose the ideal one as a reference to search for more videos in
Europe. Finally, one of the clips from Britain was chosen as the scenario video we
would like to work with. Several related scenarios and the final chosen one can be
seen in Appendix A, which has a link to the video clip and video reference. More
detailed information will be stated in Chapter 6.

4.5 Iterative Design

After the market research and scenario selection, a three-stage iterative design was
embarked upon to generate a desired solution for the project objectives. Each it-
eration was accompanied by a procedure corresponding to the design methodology,
including a User Study, HMI Redesign, and Evaluation. The detailed plan was
shown in the Appendix A.

The first iteration has substituted the user study phase with benchmarking to gain
some insights from experts about the current V2X warning designs. Since there
are rare data and examples available, the industry interview aims to map out user
needs and issues arising from their immersion into the given scenario, which will be
used to gain a foundational understanding of the redesign cues in the next iteration.
Finding the most fitting design(s) currently available in the market is another pur-
pose that could remain and be applied as a framework for the second iteration. A
benchmarking analysis, redesign implementation, and usability testing are planned
in this iteration to set the design framework and evaluate the prototypes applied
from market research.

The second iteration will explore further with the selected demos from the 1st it-
eration. In this iteration, participants’ feedback and guidelines based on research
findings from the literature review were applied to develop new concepts. Through
several brainstorming sessions, new concepts are generated regarding the feedback
and guidelines to improve the ideas in the first iteration. Concepts are then dis-
cussed and regrouped into categories related to the benchmarking analysis in Figure
5.1. Then, each category was finally implemented into a prototype that was shown
as a demo video. The remaining ideas from the first iteration are then tested with
those new concepts. Six concepts in total were created that aimed to improve the
driver’s user experience within the scenario. The final concept was formed by com-
bining the highest score demo with well-received elements from each category. And
then, it was used in the 3rd iteration to conduct a final evaluation.

The third iteration aimed to focus on identifying the optimal warning placement
by conducting randomized position usability tests. Additionally, the secondary goal
was to conclude and generate design guidelines for future V2X warning design. The
process includes testing all three positions with the concept from the second iteration
result and evaluation from physical and cognitive ergonomics expectations. Then
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after that, the final overall best warning design and guideline of placement has been
concluded.

4.6 Final Solution and Design Suggestion

Finally, after the three iterations, the final solution will be concluded by combining
the third iteration result with the demo used for testing, which has a multi-modality
prototype and specific placement.

Meanwhile, design suggestions are generated as a guideline according to the results
of each iteration and theory verification. The guideline is developed following the
framework set during the first iteration and updated based on the findings during
testing, which contains a staged warning strategy, modalities, and elements. The
suggestion involves the project scenario’s best practice, findings that align or contrast
with theory, and more specific indications for the scenario situation.

27



4. Process

28



O

Market Research & Fundations

This chapter introduces market research about V2X warning designs, including gen-
eral market research to find resources and benchmarking analysis to identify con-
cepts. Then, in the Foundations section, it builds the default interface and chooses
the scenario for the following iterative process.

5.1 Market Research

Market research involves understanding the context of the project’s target group.
It is typically divided into primary research and secondary research [33]. In this
project, secondary research was primarily used by researchers to evaluate the current
V2X warning designs and gather market information to support further redesign
efforts.

5.1.1 Market Research
Identify Existing Designs

General market research has been conducted to gain insights into how other com-
panies in the mobility industry have solved similar problems and the recent trend
of applying this technology since Vehicle-to-Everything was not a new topic.

A keyword browsing method was used to start with identifying the current designs.
As mentioned before, there have been very limited studies or data about e-scooter
accidents [3], and so have specific studies about related warnings on cars. As the
E-scooters are classified as bicycles in Sweden and e-scooter riders are subject to the
same rules as cyclists [1], the project would also search the warnings for cyclists or
related collision warnings as part of the benchmarking. The keywords were: “V2X

warning”, “cyclist warning,” and “e-scooter collision warning” and were searched for
on both Google and YouTube.

Design Profiles

Finally, several V2X warning designs are identified, including BMW, Audi, Samsung
and Bosch, etc. The relevant information is collected from their official websites,
videos for concepts, and the manual book, which is shown in Table 5.1 below. Then,
the features of their solutions were documented and categorized by functionality,
type of information, modality, and design specifications. The result was shown in
the 1st iteration and was analyzed as a base for the following design and test phase.
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Table 5.1: Existing V2X warning designs List

Information Inc
& Qualcomm

AT & Qualcomm

Company Solution Additional Info
Samsung CES2020: 5G and V2X https:
(Vehicle-to-Everything) //www . youtube . com/
watch?v=-feixG1lul78
Applied C-V2X Alerts Powered by | https://www.youtube.

com/watch?v=UByB50HD0O0o

with support
from

safety improvements with

V2X

ASTRI Demonstration on Internet | https://www.youtube.
of Vehicles (C-V2X) com/watch?v=IsCVSK5DVEw
technology
Commsignia C-V2X CES 2023 https://www.youtube.
Qualcomm com/watch?v=LpVo9KPZ3Fc
Commsignia Cooperation to pilot eBike | https://www.youtube.

com/watch?v=184V6S830TM

“technological milestone”

Volkswagen,

Bosch and

Autotalks

BMW Live Demonstration https:
C-V2X: BMW i3 Urban //www . youtube . com/
Suite im autonomen watch?v=t7wRxq-0wbY
Einsatz

Audi C-V2X technology https://media.audiusa.
demonstration com/en-us/releases/

550#gallery
Volkswagen Car2X in the new Golf: A | https://www.

volkswagen-newsroom.
com/en
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5.1.2 Benchmarking Analysis

Benchmarking started with concluding the concept from solution videos. After
extracting relevant elements from each concept and categorizing them into different
groups, all concepts were differentiated from each other for testing. Analysis was
conducted to categorize the elements and build a framework for future warning
design.

The analysis was conducted with a depth that yielded comprehensive findings cover-
ing various aspects. These elements were identified based on an extensive literature
study, from a high level to a detailed bottom level, as depicted in Figure 5.1. The
analysis delved into the nature of the concept, whether it is a staged warning that
has a changing effect due to situation severity or just the sample single warning.
It also considered the modality factor, for instance, whether it is a multi-modality
warning or a single-modality one. Usually, it could have “visual” and “visual with
audio.” The timing was also counted based on the video’s editing software.

Then, the concept could break down into different modalities, for example, at the
audio level, whether it is a voice or sound warning, and if the sounds are changed or
directional due to the situation; at the visual level, how the changing effect of the
warning showing the difference. The final part is the content level, which type of
information is displayed (e.g., direction, trajectory, distance), in which way (graphic
or text) it was delivered, and whether the content is static or dynamic. A more
structural framework will be given in the section 6.1.

Differentiate Various Concepts

Each solution has its own visual and audio feature for developing the V2X warning
that could remind the driver from an early stage but not cause any distractions [8].
After collecting enough information, differentiated elements are mapped out and
used to generate the HMI concepts for 1st iteration testing. The analysis’s findings
are below.

It is interesting to find most of the solutions have used a staged warning strategy for
V2X warning; only ASTRI had a simple one-stage warning but had an animation
to indicate what’s happened. Besides, Applied Information Inc. & Qualcomm,
Volkswagen, Audi, Samsung, and Commsignia all used color changes to indicate
different severity. Audi used the colors yellow and orange; others used yellow and
red; Volkswagen and Commsignia also have some decoration elements to distinguish
the notification, for example, a bottom border or a shining ambiance light. BMW’s
concept doesn’t have a color chain but has a shining ring instead. When it came
to the content level, the icon and text usage would be considered. As the warning
might be dynamic, elements “Direction and Trajectory” are identified as the same
group [34], followed by distance information and icon type.

Al & Qualcomm use warning sign and “vehicle” text, Volkswagen used risk sign and
longer text to indicate type of risk, they didn’t show any direction or trajectory for
the further information ; ASTRI used a car animation instead of static text which is
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Figure 5.1: Concepts Features
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clear to show the direction and lively inform the driver what’s going on, but might
require a longer time for reading the how animation; Audi used a “vehicle icon”
to show the risk vehicle and graphic to inform driver about the direction or the
future trajectory, however, it is not a real-time relative position; Samsung used a
similar icon with Volkswargen’s concept, but have a red zone on map to indicate
the trajectory and have text to show distance; Bosch and commsignia have used an
ADAS map to display the situation, and have used the vehicle icon indicating the
trajectory, criticality, distance and direction, which is a real time position; Last one
was BMW’s concept, it used a pedestrian icon to show the warning with a color
blue and green. It also showed the real-time position but used a blinking ring to
represent the severity.

As highlighted, the existing warning designs have interpreted the situation differ-
ently, but most have used a proactive notification strategy [12], which is the biggest
strength of V2X technology as it can alert drivers earlier. However, as mentioned
in the article [8], proactive notifications can capture drivers’ attention earlier but
may also distract them in certain ways. Therefore, all these solutions need to be
tested to determine which type of information is most important for safe driving,
especially in situations involving e-scooters.

5.2 Foundations

The foundation section is aimed to clarify the basic settings that used for the testing
and design. It involved the information displayed on the default layout, which
will remain the same in all testing demo, and the scenario video used for immerse
participants.

5.2.1 Default Layout

After discovering existing V2X warning designs, the next step was to set the inter-
face’s layout for further demo development.

Screens and Layout

The project started by choosing the instrument cluster as the screen to test the
warning since it is mostly used, especially since not all cars have a head-up display,
and solutions found in the benchmarking mostly used clusters as their displaying
screen Table 5.1. Although there are several pieces of literature [8][12][14]mentioned
that the Head-up Display is the best position to show the warning. Since currently,
HUD isn’t commonly equipped for most cars, the project decided to continue with
the instrument cluster for warning to gain a more general result and finally test the
placement in the 3rd Iteration.

The company primarily has customers from mobility industry. [31], So, the project’s
objective is to design a warning that fits both electric and petrol car displays, and
the basic layout should be carefully chosen as the testing framework.
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As Volvo is one of Sweden’s representative customers for the company, the project
group decided to use Volvo’s map display and layout. The project will modify the
instrument clusters refer to the instrument cluster (driver display) on Polestar 2
and Volvo XC to avoid infringement and establish the project’s own basic layout.
Choosing these two series of cars as the model is because they are the most selling
cars in Sweden during 2023 in their own brand [32]. The layout will follow the
dimensions of the Polestar 2 [35], which uses a 12’ 3-inch driver display that has an
8:3 ratio. However, although Volvo XC used a 12-inch driver display [36][39] which
is stated on the official website, from the Volvo accessory website [41] it seems it
also had the option to upgrade to a 12’3 inch display from 8 inches one, therefore,
the information displayed on the official website may be an abbreviation. So the
project will continue with a 1920x720 (8:3) pixels dimension as the default layout.
Specific interface could be found here [42][40][43].

Compulsory Information

Since the information displayed is rigorously regulated, the research started by find-
ing the requirement of showing compulsory information. From Kraft’s research [14],
there are several pieces of information that should show on the cluster to reflect
the car’s performance, which could be either static or dynamic. Static information
typically includes the power gauge, speed limit, and drive mode (parking, reverse,
neutral, drive). Dynamic information consists of a speedometer and warning lights.

Warning lights, also known as indicator lights in the instrument cluster, demonstrate
the operation of a function or show errors [47]. Their color indicates the priority
of the warning. Red means an error that requires immediate action, while yellow
means that the journey can be continued, but a safety function may be out of
operation [37]. There is also an orange which means slow down. Automobile safety
standards worldwide regulate indicator lights. In Europe, ECE Regulations [48]
and the “United Nations (UN) Vehicle Regulations—1958 Agreement' have been
applied. Our basic layout will also follow these rules. It is also good to compare
the location and information shown on both instrument clusters of Polestar 2 and
Volvo XC, shown in the Table 5.2 and the Table 5.3.
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Table 5.2: Polestar 2 Driver Display Manual [49]

Polestar 2

On the Left

In the Middle

On the Right

Indicator and warning
symbols

Temperature

Indicator and warning
symbols

Speedometer

Messages, in some
cases with graphics

Battery meter

Driving direction

Door and seatbelt

Power meter

selected information

Cruise control and Driver support Trip meter

speed limiter functions

information

Odometer Distance to empty

battery

App menu

Table 5.3: Volvo XC60 Driver Display Support [50]

Volvo XC(60)

On the Left In the Middle On the Right
Indicator and warning | Indicator and warning | Indicator and warning
symbols symbols symbols
Speedometer Temperature Tachometer

Cruise control and
speed limiter

Messages, in some
cases with graphics

Drive mode

information

Trip meter Door and seatbelt Driving direction
information selected
Driver support Regenerative braking
functions
App menu Fuel guage
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5.2.2 Default Interface

After preliminary research, two versions of the basic layout were designed, mainly to
lay out and design the information mentioned above. After discussion, the project
chose the flat map navigation version and chose dark colors based on the Volvo
interface design model and to further simplify the information. Finally, the basic
information layout of the test interface is shown in the Figure 5.2.

24

|—) 30m

12125 24%C

Figure 5.2: Two Versions of the Layout

The left shows the speed meter and the power gauge, displayed with the available
driving distance. A 2-Demisenion map is shown in the middle, which has the nav-
igation route and the arrow representing the vehicle itself. On the right side is the
drive mode and navigation planning information.

The new layouts have been modified in several aspects, shown in the Figure 5.3.
Firstly, unnecessary information will be hidden, and weather information and tier
conditions will not show on the default layout. A bottom bar was also added to
divide the information more specifically, which helps drivers more easily focus on
the relevant information. Secondly, the indicator lights have been moved to the
middle of the bottom bar, and the drive mode moved to the right side and has a
bigger size that would be clearer for drivers. Here is the final manual of the default
layout for testing interfaces.

Besides, the color of the default interfaces has been changed. As our study primarily
worked with the navigation mode to give warnings while driving, Volvo has used a
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Figure 5.3: Modified Layouts (unnecessary information has been removed)

Background Bottom bar Heading Text Secondary Primary - for routes

#030406 #OEOF11 #DDDDDD #2A40E2
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Figure 5.4: Color Usage of the interface
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Google built-in for their car play [51]. Google Automotive OS [52] recommended
that the contrast ratio between text and base image be at least 4.5:1. And basing
interface colors on black mode could lead to a more consistent user experience, with
no drastic change between day and night themes. So, the primary color is modified
to fit these requirements, detailed information is showed in the Figure 5.4. But to
highlight the important information, the guideline also mentioned using a secondary
color or dark variants of your primary colors [53]. So, the highlighted text will still
use quite a bright color. Last but not least, the route that has a gradient color
will start with a high-brightness color and end with the primary color that is 100%
transparent. Since it is only used slightly, the route will not make the driver feel
much visual fatigue.

Here is the table about the layout information in Table 5.4.

Table 5.4: Default Layout Information

Default Layout
On the Left In the Middle On the Right
Indicator and warning | Indicator and warning | Indicator and warning
symbols symbols symbols
Speedometer Messages, in some Driving direction
cases with graphics selected
Cruise control and Driver support Drive mode
speed limiter functions (navigation)
information
Distance to empty Trip meter
power
Bottom Bar
Power meter Driver support Temperature
functions
Door and seatbelt
information

5.2.3 Scenario Choosing

Continuing with the statement from Chapter Process, the project has used the
Dynamic Video method to simulate the driving situation for testing. While playing
a scene video, an interactive interface for warnings will be added to the driving
scene through video editing software to show it simultaneously as the video. The
project completed several rounds of screening video clips to select the best possible
scenarios.

In the first round, the group selected Nordic countries and e-scooters as keywords
for search. Because of their geographical closeness, the driving habits and people’s
driving behavior in these countries are similar, which could broaden our scope of
source searching. Fight related first-person driving clips were found on YouTube,
including typical scenes of V2X: an e-scooter appears from a blind spot and comes
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across the road; two e-scooters are driving in the opposite direction of the car but
are blocked by a turning bus, then they suddenly appeared; the e-scooter overtook
the car from behind and was overtaken again; the car approached the e-scooter, and
then the electric scooter suddenly turned. The group, together with the company’s
expert, have selected three scenarios as fundamental references for the second round
of screening. At the same time, a preliminary demo template design was completed
for three videos to verify whether their functions meet the testing requirements.

In the second round, we expanded the scope to first-person driving videos across
Europe. Then, we conducted further research on the keywords "e-scooter collision,"
"risk e-scooter," "e-scooter bad drive," and "why I hate e-scooter" video search and
scene filtering.

The ideal scenario provided by the project can be described as "a scooter come from
behind that overtakes the car and goes straight; the car overtakes back later and
intends to turn right, so the driver needs to know the scooter’s position." We filter
based on this when retrieving videos. In the second round of searches, a newly
discovered scene was in the UK where an E-scooter came from behind and cut into
the route to take a turn, but the car still went straight. And a conflict scene in
Gothenburg where a car turns right and an e-scooter turns right simultaneously.
The UK scenario perfectly reflects the company’s needs, but the drawback is that
they drive on the left and are inconsistent with Swedish driving habits. Fortunately,
left-hand drive is legal in the UK [46], and the car in the video is left-hand drive so
it can be entirely consistent with the usage habits of our testers. Since the scene
is relatively short and there are only two approaching cars (otherwise, it can be
considered a one-way road), we think this scene was the best choice at that time.
Meanwhile, further searches are conducted based on this scenario to complete the
final third round of screening.

The third round found eight more scenes: one in Belgium, where an e-scooter sud-
denly ran a red light; two in Stockholm, together with one in Madrid, where the
car followed the e-scooter and overtook to turn; two in Rome, where the e-scooter
suddenly appeared on the road; and another two that met the e-scooter at the
intersection in Switzerland. However, except for the scene in Belgium, which has
a sudden awakening, the definition needs to be higher and meet the usage require-
ments. Other scenes have bicycle lanes, slow-moving signs, or sufficient distance and
vision to ensure safe driving, which does not meet the project’s scene requirements.
In the end, although the British driving scene has the disadvantage of driving on
the left, we still decided to develop the design based on this scene. All the related
videos are shown in the Appendix A Video Resource.
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1st Iteration

The 1st iteration seeks to gain insight into current V2X warning designs from the
expert(stakeholder) perspective and information about the user needs. The process
begins with the phase of concluding a framework from solutions in benchmarking
to categorized interface information. Followed by the redesigning of high-fidelity
warning interfaces that are used for testing the demo. Finally, the first iteration of
usability testing is conducted, and the result will be analyzed.

More specifically, to assess user experience with existing warning designs and un-
derstand users’ habits and motivations regarding different elements, the project first
categorized solutions into three groups (static warning, staged static warning, and
stated dynamic warning) with seven total concepts 7.2. Following this, concepts
were broken down due to a framework that could interpret all elements 6.1. Based
on the breaking down feature system, the warning design for testing demos is gen-
erated with the same features as the original solution. After conducting tests and
analyzing results, the project identified which elements in the framework should
be retained, which performed poorly, and which should be discarded. Finally, the
selected concept and the updated framework will be used in the second iteration.

6.1 Concept Redesign

Seven concepts were concluded from the benchmarking analysis. To implement the
concept with our default layouts, a framework was made (Figure 6.1) based on the
elements categorization in benchmarking and literature review about staged warning
[8][7] and information displayed on cluster [10].

6.1.1 The Framework

From all the results of the benchmarking analysis, the group has concluded which
type of information could be delivered to the driver: criticality (severity), trajectory,
distance, direction, warning sign, and vehicle type. Each piece of information will
use one or multiple methods to deliver. How the warning is offered during the process
will also be different since the same information could have various expressions or
motion effects. To be mentioned the staged warning means multiple stages in one
warning; use Commingsigni’s solution as a case (Figure 6.3): it will be a yellow
“remind” level warning when the bike is still far away. The bike will change to the
more critical red “warn” warning when it approaches.
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Modality Staged warning Features Placement

Criticality Color  Style Size No changes in... Top
Staged Change
Trajectory Graphic Static Changing in on... Directional
Visual
. No effect
Distance Text Dynamic Bottom
Color change Features
Direction Eaing On the map
) Sound (beepbeep) Effect ambience light
Warning Sign Audio
Voice (sentence) Self-blinking
Vehicle Type

Figure 6.1: Framework of Wanring Design

Then, each chain will result in a feature of the warning. All features shown on the
set placement will finally combine into a warning concept. The reason for establish-
ing this framework is that the concepts concluded from benchmarking have diverse
layouts and are used on different devices. Since keeping all the factors the same is
challenging, it is a straightforward way to break down the solution to the informa-
tion level and assemble it as originally as possible. Here is an example (Figure 6.2)
of how the features of a concept are defined:

Criticality -~ _ No sffect _ Informthedirection
by using directional...

Direction ~ —» Visual —— Graphic — Statc — Effect < ___ Criticality with color
changes

N N Directional
) t Color changed -

> Colorchanged — o A
warning sign

L )

. — Text —  Statc ——— Color changed
Vehicle type < ~ G
vehicle text

Warning Sign

Figure 6.2: Features Chain for Demo A

Figure 6.3: Features Chain for Demo A

The warning shows a warning sign and a text indicating the vehicle type of the risk.
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It shows on the right side in the same direction from which the risk comes. It has
no audio but uses a color change effect to represent the criticality. This concept
was interpreted from the Applied Information Inc & Qualcomm solution. Using this
framework, all existing concepts from benchmarking could be interpreted and then
implemented with the same type of features into the default layout.

6.1.2 High-fidelity Design

Based on the framework, here are all the final concepts that were interpreted from
benchmarking Table 5.1 and applied in our default layout, which is showed in the
Figure 6.4. Demo B refers to Volkswagen solution; Demo C refers to ASTRI; Demo
D refers to Audi; Demo E refers to Samsung; Demo F refers to Bosch, Commsignia,
Autotalks, and Volkswagen solution; Demo G refers to BMW. Most of the demos
are quite aligned with the original solutions; however, since Demo F was shown in
an ADAS mode, the features are applied to a flat map view to fit with the default
layout, which is not highly consistent with the original solution. This could be
discussed further in the Chapter Discussion.

A_-E
B :

G |
:v: .‘

Figure 6.4: All Demos of the 1st Iteration, detailed in Appendix C

6.1.3 Demos Making

All demos are implemented with a layout that has scenarios on the top and HMI
information at the bottom. The scenario video is 33 seconds. The timing “22s
when the e-scooter appears from the scene”, “26.5s when the e-scooterist shows
a pronounced tendency to turn”, and “29.5s when the e-scooter is most likely to
collide” are identified as the study’s crucial time points. The first scene is set so the
warning disappears at 23s, one second after it appears. The warning of the second
scene is also set to disappear at 30.5s. Based on these two points, a warning in the
demo video is set according to the timing of different solutions in the benchmarking.
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The software used in this iteration were Figma, Protopie, and Adobe AfterEffects
to modify the demo video and animation of the interactive prototype. A transition
animation to help the participants get prepared for is also added in each demo.

6.2 1st Usability Testing

To detect user needs and mull current V2X warning designs, each warning concept
concluded from benchmarking is going to be tested with users. Concepts consist
of different stages, modalities, design, and timing elements; the criteria to evalu-
ate would be the overall user experience, which is stated in Chapter Methodology.
Following the procedure of usability testing [24], a series of participatory activities
were planned to ask participants for feedback, report issues, and suggest design
improvements.

6.2.1 Recruitment

Five participants were recruited for the usability testing workshop. They held diverse
roles in the Research department, such as assistant, patent administrator, research
engineer, and director. The group’s demographic was balanced, with two females
and three males aged 33 to 57. All of them had more than 6 years of driving
experience and drove every day.

Overall, all the participants had a natural attitude toward their interactions with
e-scooters. Only one participant reported that she had once experienced a risk of
incident against e-scooters. The possible reason is that the e-scooter is much faster
than pedestrians and bikes, as the answer stated.

6.2.2 Configuration

In this iteration, testing was conducted using a computer screen to display both
scenarios and interfaces. The screen was connected to a laptop via an HDMI cable
as an extended screen, where the demo (a combined video showcasing the scenario
and interface) was played. Another laptop was provided for participants to grade
their experience and type their feedback. Based on insights from the pilot study,
headphones were added to help participants immerse themselves more easily into
the situation. The setting is showed in the Figure 6.5.

There were three roles in the project usability testing: participant, moderator, and
facilitator. The moderator was responsible for informing the participants about the
context and offering necessary guidance at each step. The presence of a moder-
ator helped avoid bias and ensured participants felt comfortable during the test.
The facilitator primarily set up the testing scenario and observed the participants
during the test. They also interpreted participants’ actions and statements during
discussions, encouraging them to provide further feedback.

This role change was inspired by Sanders’ research [38] on the evolving roles of
designers in the co-creation process. However, it was impractical to have all partic-
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Facilitator (/g £ = — ) ¥ | Participant

Figure 6.5: 1st Iteration Testing Configuration

ipants watch every demo and collaborate in generating ideas together. Instead, the
questionnaire asked participants to provide ideas for improvements for each demo
and included a free discussion section after the questionnaire to gather their opinions
and expectations about the warnings.

6.2.3 Process

The usability testing was divided into three phases: Pre-testing, Testing, and post-
testing, which was based on a typical usability testing procedure [24].

Pre-testing

In the pre-testing phase, the moderator concisely introduced the project’s theme,
aim, and the stage of this usability testing process. A slide presentation was shown
on the extended screen for participants to follow along. Regarding GDPR regula-
tions, since all participants were internal, the only requirement was to confirm that
the project would not publish their personal information. If a persona was needed,
a virtual one would be used as a representation. After the introduction, participants
completed a basic information survey while the facilitator set up the demo.

Next, the moderator introduced the experiment settings in the Figure 6.6, including
the layout of the demo and the equipment, to help them get familiar with the
experiment settings. Then, the participants were informed about how many demos
they would test, and the testing processes include watching demos and answering
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after-demo & after-session questionnaires.

To help participants better immerse themselves in the car driving, the moderator
described a scene and asked participants to imagine themselves in it. The following
is the scene described by the host:

“Now, imagine you are driving back home from grocery shopping on a sunny Sun-
day. Picture yourself as a driver behind the wheel, observing the view through the
windshield along with a dashboard that displays essential driving information.”

Testing

This phase can also be explained as the Post-demo testing [24] in this project.
There were 7 formal rounds of testing in total, corresponding to 7 demos. The
scenarios were all the same in the formal rounds. More specifically, 3 of them have
audio sounds, and the other only have visual elements. After viewing each demo,
participants were asked to complete a questionnaire about their experiences with
warnings.

Post-testing

After the participants viewed all seven warning design demos, they were asked to
sort the seven demos based on how much they liked them. The moderator would ask
about the reason for the sorting and other related questions due to their feedback.
The participant was encouraged to give any other suggestions and comments after
the questions.

A

N T

- e ¥

= <
—

Figure 6.6: Sorting and Layout of the Demo

6.2.4 Questionnaire
Post-demo

After viewing each demo, participants were asked to complete the post-demo ques-
tionnaire. The questionnaire consisted of Likert 7-point questions and open-ended
questions. The open-ended questions were follow-up questionnaires about the rea-
son they rated on the 7-point Likert questionnaires, in which they could talk about
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any thoughts they have on the demo but not need to specify all the aspects related
to it, for instance, "Why do you like the audio of this demo?".

The post-demo questionnaire questions covered the overall ease of use and expe-
rience, satisfaction with design elements, timing, and auditory information of the
warning design. If there isn’t audio in the demo, the question would be, “to what
extent do you think adding audio would be better?” The full questionnaire is in the
Appendix D.

Post-session

After experiencing all the demos, the participants were asked to sort the 7 de-
mos from the most and the least favorite based on their overall experience and
given a reason for their choosing. Then, participants need to grade the importance
of elements, which include timing, appearance, form of risk information, auditory
warning, effects, trajectory, and others.

6.3 Result and Analysis

This section discusses the results of first iteration testing. Both qualitative and
quantitative analysis are involved for two questionnaires.

For the 7-point Likert scale questions and sorting questions, primarily quantitative
analysis was employed. As stated in the Chapter Methodology, the average score is
commonly used across many fields, with the median serving as a good alternative
if the average score is unavailable [21]. Since these two measurements can reflect
tendencies, the quantitative analysis calculated both for thorough analysis. Addi-
tionally, a top-box scoring method was also utilized in the analysis [24].

For qualitative data, KJ-analysis was used, and an affinity diagram was drawn so
that Participants’ insights and feedback for each demo were concluded. The codes
or common opinions that concluded from the result would be used for analysis.

6.3.1 Post-demo

Participants were asked to complete the post-demo questionnaire immediately after
experiencing each demo when they had first impressions. This post-demo analysis
focused more on specific features, such as participants’ comments on specific design
elements, if they get confused about some features.

Quantitative Analysis

The Single Ease Question (SEQ) is a usability metric used in user experience re-
search. It’s a 7-point rating scale that assesses how difficult users find a task after
attempting it in a usability test. The complete results are displayed in the Ap-
pendix E. Below is an example of the SEQ question showed in the Figure 6.7.
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Overall clearness

01 02 03 04 05 median mean Top 2
Demo A 4 4 4 5 4 4 4.2 0
Demo B 3 3 6 6 5 5 5.0 2
Demo C b 7 7 7 7 7 6.6 4
Demo D 6 6 7 7 6 6 6.4 5
Demo E 3 3 6 2 1 3 3.4 1
Demo F 4 4 7 5 4 4 4.8 1
Demo G 3) 1 6 2 5 5 3.8 1
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Figure 6.7: Post-demo: Overall Results

From the analysis, it can be concluded that Demo D received the best scores in both
the top two box metrics as well as the mean and median measurements. Demo C
secured second place and received the highest number of grade 7 ratings. These two
demos have grading gaps of 1.6 and 1.4, respectively, compared to the third-place
Demo B, indicating a significant difference that makes them superior to the other
demos.

The distribution map reveals an interesting phenomenon: in the subsequent scoring
of design, placement, and timing, both Demo C and Demo D received the highest
scores. Although the overall scores of Demos B and F are close, B’s scores for design
and timing are notably lower. Demos F and A received relatively stable scores,
ranking in the middle. Demo G received the worst scores in the three subcategories,
but still scored higher than E in overall clarity. Considering E’s highly scattered
scores, certain aspects of user feedback may require closer attention.

Qualitative Analysis

KJ-analysis is used for qualitative analysis. For each demo, an affinity diagram
was drawn, which is showed in the Figure 6.8. The whole detailed feedbacks are
documented in the Appendix E.

Since Demo D and Demo C received the best scores, the qualitative analysis will
focus on these two concepts as examples, below showed Demo D ’s affinity diagram
in the Figure 6.9. It is important to note that the fill-in questions in the post-demo
questionnaire were not mandatory, so some participants did not leave any comments.
However, in the post-session questionnaire, all participants were required to provide
their reasons.

From the detailed KJ analysis as the table shows, participant feedback was classified
according to modality into overall clarity, visual, and audio. It is further divided
into different elements according to the content, such as direction, trajectory, effect,
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Warning at the
same side as the
scooter came

Figure 6.8: Post-demo KJ-analysis.
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Figure 6.9: Demo D Affinity Diagram
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vehicle type, etc. Showed the Demo D result as an example in the Table 6.1.

Among other demos, Demo C received close to the best evaluation. Similar to
Demo D, the directional content received high praise. Secondly, the animation form
of “object moving along with the ride” was also loved by users. However, users feel
that the audio form of voice is a bit annoying. This kind of speech lasts too long,
and users cannot focus on the scooter and visual warnings that have appeared in
the field of view.

Demo F has the concept of real-time movement. However, the icons are too small
and difficult to identify (linear); "warning sign moving around take my focus away'
users reported that there were too many dynamic contents and were worried about
being unsafe. But they really liked the blinking animation and the ambient light to
emphasize what was going on. Users have suggested that it might be better if side
ambiance light could be used.

Subsequent options without audio are considered to have an improved user expe-
rience if audio is added, as noted in Appendix A. Demo B and Demo A share
similar issues, such as the "icon (linear) should be more visible" warning sign not
being clear enough in the current design. Additionally, due to differing scenarios,
the two warnings lack distinction. The difference is that Demo A’s placement is
preferred by most participants, while Demo B’s placement is favored by one partic-
ipant, who stated, "it keeps the warning close to sight." Furthermore, Demo B has
been criticized for containing too many words.

The color of Demo E’s card is well received by everyone because it can be clearly
distinguished from the background. However its icon (linear) is not very conspicuous,
and the three different card forms are also very difficult to understand quickly. Too
many text reminders can also be distracting.

Demo G is considered a "moving thing is not necessary'. At the same time, the
selection of colors and icons has also been questioned, because blue and pedestrian
do not make people think of a "warning for e-scooter."
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Table 6.1: Demo D Analysis

Key

Explanation

Clear about where the warning
was and which direction the risk
will come from the side (5 of 5
participants)

This demo uses directional content to
inform the participants about the
direction of the risk. From their
feedback, participants thought it was
a good way to show the warning on
the same side of the warning. So
might keep showing the warning at
this position for future concepts.

The audio makes me aware and
observant that something will
appear. (3 of 5 participants)

Participants think the audio reminds
them and makes them aware there is
something happening. Then they
begin to check with the screen.

The figure could show me the
scooter is planning to turn left,
and it is understandable. (2 of 5
participants)

Not too many participants talk about
the trajectory, but one the other has
mentioned the design has an
understandable figure. Although only
two participants mentioned the
planning route, it is still good to know
trajectory could be important
information for drivers

The icon should be larger and
show which type of object (2 of 5
participants)

Participants thought it was good to
have the icon, but it was a bit small,
and they couldn’t identify it really
quickly. Actually, Demo D has a
"vehicle type" icon showing as the
bike. This could be interpreted that
the information displaying the risk
vehicle will influence participants’
decision-making when they try to pay
attention to that specific risk object.

The audio needs to be stronger
when the scooter is in front of
the car. And if the audio could
be directional would be better (2
of 5 participants)

Participants ask for stronger stimuli
for the second scene which has a more
severe risk. But only the moment the
risk comes since keeps showing the
warning while the e-scooter at the side
is a bit annoying.

The color of the icon should be
changed to red when the scooter
is closer to the car (1 of 5
participants)

Participant thinks the orange color is
not enough for the second scene, since
it almost crashes. A red color would
be better to stimulate the driver.
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6.3.2 Post-session

The post-session questionnaire was completed at the end of the testing when par-
ticipants had finished experiencing all demos. Therefore, they could compare each
demo and provide a comprehensive rank of the demos. The results of this part de-
termine which demos will be retained and which are worthy of further detailed study
of their characteristics to decide whether to apply them to the updated framework.
Furthermore, the conclusion derived from the ranking of factors’ significance should
also be considered.

Quantitative Analysis

Here is the result of the post-session questionnaire showed in the Figure 6.10 and
6.11.
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Figure 6.10: Post-session Average Score

7st choise| 6nd choisq 5nd chois{4th choisqd 3th choisq 2th choisq 1st choise
A 0 0 4 0 1 0 0 0
B 0 3 0 1 0 1 0 1
0 0 0 1 0 3 1 4
0 0 0 0 1 1 3 4
E 2 0 0 3 0 0 0 0
0 0 1 0 3 0 1 1
G 3 2 0 0 0 0 0 0

Figure 6.11: Post-session Top-two Box

Each demo received 5 ratings from 5 participants. The scores are allied and com-
pared; the most preferred concept would get 7 points, and the least would get 1
point. The yellow highlighted the three demos that have audio warning in the first
iteration. Demo D and F have a sound, while demo C has a voice. The red marks
good scores, the green marks bad scores, and the bright yellow represents interme-
diate performance.

Demo D received the highest average score, indicating it is the most preferred
demo among the seven evaluated. Three out of five participants chose Demo D
as their favorite, and four out of five selected it as one of their top two choices.
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Demo C ranked second in the study, while Demo F came in third. The overall
evaluation results clearly indicate that Demo D should proceed to the next round.
Additionally, retaining features from Demo C and Demo F could be beneficial for
generating a relevant concept in the next iteration.

Demo A received the highest average score among all concepts without audio.
However, Demo E ranked higher in specific choice results, with 3 out of 5 selections
being the 4th choice. Demo B also performed well in the average score analysis,
but opinions were highly divided in specific rankings.

Qualitative Analysis

In the after-session discussion, participants had a chance to explain why they give
this rank, and why the specific demo is their most favorite one. So a qualitative
analysis was also conducted in this phase.

Why participants prefer Demo D This demo got the best score because it
provides a very clear graphic in a directional content format. It is easy to understand
what’s happened and identify the direction and trajectory information. The audio
sound is also appropriate for reminding drivers to be aware but not annoying. The
staged warning with a color change lets drivers learn that further action is required.
However, the vehicle type is still not clear.

Why participants dislike Demo G However, this demo got the worst ranking.
'l would not consider it as a warning" is the main reason why participants disliked
this concept. The color used, the risk type (pedestrian), the lack of audio, and
the movement of the warning caused so much annoyance and misunderstanding for
participants.

Comments for other demos All demos that had audio were mostly ranked in the
top 3 by participants. Demo C got second place ranking, and its motion/animation
feature was highlighted by participants, but the audio voice(speech) was not as good
as the sound. Demo F has a dynamic motion reflecting on the real-time movement,
which is not preferred by participants. And its icon is also not clear enough.

Demo A and Demo B got quite similar results. These two concepts are quite simple,
but their icons are still unclear enough that linear icons might not be a good choice
for this warning. B also received comments that too much text is annoying. Demo
E has a scattering evaluation. Some think it is the best without warning, and some
think it is the worst. However, the colors used for those cards are highly valued.

Last but not least, two participants thought it was unnecessarily complex for the
second scene warning as they had already noticed the risky e-scooter; too much
information would distract them. This could be interpreted as the first scene playing
a role as a pre-warning for the second warning, so the study might need to test what
the participants’ feedback is if less information is shown in the second scene.
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19. How important are the following factors for creating a effective and satisfying warning? Please choose
three of them which you think are important.

More Details

5
. Timing 5
. Appearance (color, Size, Shape .. 3
. Form of risk information (Text. G... 0 5
. Auditory warning 5
. Effects of Warning (Shinning, Co...
. Trajectory of Object comes 2
® Other 0
0

Figure 6.12: Elements Importance Ranking
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Overall results are shown in the Figure 6.12. The audio is identified as the most
important element of the warning. And the timing, as mentioned in the concept
design part, which is difficult to calculate from an online video, furthermore, it’s
a challenge to get accurate feedback from qualitative research [7]. So, in the next
iteration, it might be good to keep the timing variable the same for all demos.

The factors of "appearance" and "trajectory of the object" also received high scores
following the two previously mentioned factors. Therefore, these design elements
should be carefully evaluated in the next iteration. The trajectory, interpreted by
some participants as an additional level of direction, will still need to be monitored.
Direction, being basic information derived from all analyses, will be implemented
directly.

6.4 Deliverables

The deliverables are a conclusion gained from the 1st iteration testing and will be
used as input for the next iteration.

6.4.1 Design Suggestion

The Table 6.2 above listed all the suggestions for the usability problems found in
the 1st iteration.

6.4.2 Updated Framework

Then, the framework of the concept design could be updated in Figure 6.13. Some
features that have been tested with the bed effect will be eliminated (grey), and some
other features have been added according to the participant’s suggestion (under the
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Table 6.2: Suggestions from Participants

Usability Problem Suggestion

Use a larger symbol and filling icon

High contrast with the background (refer to Demo E)
Visual Correct or at least similar vehicle type, shouldn’t

confuse

Less text

Choose the right color that represents a warning, e.g.

red.

Blinking is a good effect on getting driver awareness
Effect Color change according to the situation

emergency /severity

Less dynamic movement of the warning. But a simple

motion may be better for understanding

Audio is necessary
Audio Sounds are better than voice (speech)

Directional audio might improve the user experience

Directional content that corresponds to the risk is good
Placement Closer to the vision would be better

The two warnings are too close, it might be better
Timing than reduce the content complexity of the second one

line box). The line boxes mean the factors could work but require further exploration

of their usefulness.
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2nd Iteration

The second iteration aims to redesign the interfaces, incorporating feedback from
participants gathered during the first iteration to improve overall experience and
usability. Design guidelines from existing literature were also applied to some con-
cepts in this iteration to potentially enhance participants’ awareness and enrich their
overall experience.

7.1 Concepts Redesign

Different redesign plans are proposed for different models. Table 7.1 shows the
relationship between new demos and the demos from the 1st iteration.

Table 7.1: Relationships between demos in this iteration and the first iteration

New Demo Source
D Keep the original demo from 1st iteration
H Demo D
Users’ feedback towards Demo D
Demo D
I Demo C (dynamic information and 3D model)

Literature findings

Demo C (3D model)

Demo F (ambience light)

J Demo F and G (blinking)
Literature findings
Demo A

K Demo E (high contrast background)
User feedback

L Demo E

Literature findings (guidance text[44], less than four
information[8])

Demo D, which performed the best in the first iteration, was retained in its original
form for the second iteration. Based on participant feedback, a modified version
of Demo D was developed, named Demo H. Demo K and Demo L were redesigned
interfaces based on Demos A and E from the first iteration, respectively. Demos I and
J were developed by integrating and modifying all first-round interfaces according
to the feedback from the initial users and insights from a literature review.
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7. 2nd Iteration

7.1.1 Connection Logo

In the second iteration, a connection logo was incorporated into every demo. This
logo, indicating that the e-scooter is connected to the car via V2X, was mandated
by the company to ensure that users could easily identify when a connection was
established. The potential impact of the logo on the effectiveness of the warnings
was uncertain, necessitating an evaluation during the second round of usability
testing. The connection logo was consistently applied across the various demos
for this assessment. The two versions of the connection logo are shown in Fig. 7.1.

Figure 7.1: Two version of Connection logos applied in the second iteration

7.1.2 Demo H

Demo H is the modified version of demo D, which is the most prominent demo, it
is redesigned according to the feedback from the participants in the first iteration.
The changes from demo D to demo H are listed in the Fig. 7.2 and Table 7.2

7.1.3 Demo Il

Demo I and Demo H are similar in many aspects. The key difference between the
two demonstrations is that Demo H features an independent vehicle sign to display
the type of connected car, whereas in Demo I, the vehicle sign is integrated into the
animation and does not appear as a separate logo. This integration is intended to
reduce the number of information modules, which, according to the SA theory[15],
can decrease information processing time. From the previous concept, the user needs
to perceive the icon and then the intersection condition and finally merge the two
pieces of information together. By using a joint graphic [12] that presents level 2

information directly [16], drivers could apprehend the situation more easily. The
Fig. 7.3 and Table 7.3 described the features of Demo I.
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Figure 7.2: Demo H

59



7. 2nd Iteration

Table 7.2: Redesign Demo D

Features | Demo D Feedback to Demo | Demo H
D
Audio - Non-directional | - Better to have direc- | - Staged audio warn-
warning audio tional audio ings, audio changed
- Sound Audio - Alter amplitudes of | frequency according
- Non-staged Au- | frequency depending | to emergent level.
dio on the severity of the | Directional audio
situation (staged Au-
dio warning)
Blinking | No blinking ef- | It is good to have | Add blinking for e-
fects blinking elements scooter trajectory
Color Yellow and or- | Change the color to | Use red color to in-
ange red when the scooter | crease emergent
is closer to the car.
Staged Single stage in | The first stage warn- | The situation was di-
warning the first warn- | ing in the second | vided into three emer-
ing; 2 stages in | warning easy to ne- | gent stages: low-high-
the second warn- | glect medium(low).
ing
Graphic The vehicle sign | Only showing that | The  vehicle logo
design shows the bicy- | something is on my | changed from motor-
cle right side but not | bike to E-scooters
which type of object
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Figure 7.3: Demo I

Table 7.3: Redesign Demo I

Features Demo 1

Audio warning - It uses the beep audio warning. - Directional warning
- The frequency of the warning sound changes with the
urgency of the situation.

Blinking effects | - Blinking effects are applied in the on predicted
trajectory elements and the directional gradient light.
Color - Use two distinct colors to indicate warnings of
varying urgency levels. For blind spot warnings, use
yellow; for forward collision warnings, use red.
Trajectory - The blind spot warning does not provide a predicted
trajectory; however, it does display the E-scooter’s
real-time position. - In the forward collision warning,
the predicted trajectory indicates where the e-scooter
is heading.

Staged warning | - Blind Spot Warning and Forward Collision Warning
have different emergent levels and are represented by
different colors and audio warning frequencies.
Graphic design - The vehicle sign is integrated into the animation and
does not appear as a separate logo.
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7.1.4 Demo J

Demo J is designed based on all of the first-round models and implements the
situation awareness [16] theory. Similar to the Demo I but in a different format.
Using a 3D model and a joint graphic [12] in the warning could directly convey
the level 2 information [15] to the driver. The most significant distinction between
Demo J and the other models in the second iteration is its more straightforward
effect (blinking ring) and quicker animation. Unlike the other models, which use a
two-stage warning for forward collision warnings based on the urgency level, Demo
J employs a single-stage alert warning. As 2 of 5 participants said in this scenario,
it is better to lower the effect of the second warning. Figure 7.4 shows the hi-fidelity
of Demo J, and Table 7.4 lists its key features.

Figure 7.4: High-fidelity of Demo J
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Table 7.4: Redesign Demo J

Features Demo J
Audio warning - It uses the beep audio warning rather than the speaking audio
warning.

- The warning is directional which corresponded with the direction
where the objects are relatively located.

- The frequency of the warning sound changes with the urgency of
the situation.

Blinking effects

- A blinking ring effects is used to make the vehicle stand out.

- Use two distinct colors to indicate warnings of varying urgency

Color levels. For blind spot warnings, use yellow; for forward collision
warnings, use red.
. - The heading of the e-scooter and also the cars is shown through
Trajectory

the predicted trajectory.

Staged warning

- Blind Spot Warning and Forward Collision Warning have different
emergent levels and are represented by different colors and audio

warning frequencies.

Graphic design - A motorcycle icon is used to represent the e-scooter.

appear as a separate logo.

- The vehicle sign is integrated into the animation and does not

7.1.5 Demo K

Demo K is based on demo A of the first iteration and modified based on feedback
from participants in the first iteration. The Figure 7.5 shows the high fidelity of this
demo.

Demo K primarily presents information using card formats, with the e-scooter’s
connectivity to the car displayed through both graphics and text. The icon used the
filling style since linear style got a negative feedback from the first round. However,
this warning does not include the predicted trajectory of the e-scooter. Additionally,
Demo K employs ambient lighting to signify the e-scooter’s position relative to the
car.

7.1.6 Demo L

Demo L, similar to Demo K, uses a card format to display warnings, shown in Figure
7.6. Unlike Demo K, which uses concrete graphics to depict the e-scooter, Demo L
employs abstract symbols (warning icons) to represent it and provides explanations
in the text. A change compared to the original demo is that Demo L has replaced the
text of the detailed guidance “Vehicle right-side" with a shorter advice "Right" [44]
[4]. Additionally, the relative distance between the e-scooter and the car is displayed
numerically. The map included in Demo L highlights dangerous areas where cars
could potentially collide with e-scooters.
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E-scooter

Target: 12km

Trip: 48km

Figure 7.5: High-fidelity of Demo K

64



7. 2nd Iteration

Figure 7.6: High-fidelity of Demo L
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7.2 2nd Usability Testing

7.2.1 Participant

In total 6 participants were recruited from the Magna company, 2 of them were
female, and 4 of them were male. The participants were between 26 to 49 years old.
All of them had more than 6 years of driving experience. And they all drive at least
a few times a week or even every day.

Overall, all the participants have a natural attitude toward their interactions with e-
scooters. Two participants reported that they had a near miss once with e-scooters.
The reasons were similar in that they were distracted and did not see the e-scooter.

7.2.2 Configuration

The driving simulator consists of an adjustable seat and a steering wheel originally
from a Volvo car, a computer screen, and an iPad and a MacBook Pro computer,
shown in the Figure 7.7.

The computer screen is connected by HDMI cable with the MacBook Pro as an
expanded screen, where the view from the windshield will be played. The iPad is
wirelessly connected to the MacBook Pro and used as an extended screen. The
computer screen mimics the windshield where the scenario played on it while the
iPad functioned as the cluster.

Figure 7.7: 2"¢ Iteration usability testing configuration

The driving scenario is the same one used in the first iteration. While different
from the first iteration, the warning information was placed separately on the iPad
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(Cluster), so that it would be closer to the reality of driving. The interface of the
cluster and the warnings were drawn through Figma and animated through Adobe
After Effects.

7.2.3 Procedure

The usability testing is still divided into three phases: Pre-testing, Testing, and
post-testing. The figure 7.8 shows the overall process of the 2nd usability testing.

Pre-testing

In the Pre-testing phase, the moderator concisely introduced the project’s theme,
aim, and the stage of this usability testing in the entire process. All participants
were from within the company, and they signed relevant confidentiality agreements
with the company in advance, so they were just reminded about the confidential
regulation without having to sign added information for this experiment. Then
they completed the demographic survey with is the same in the first iteration.

After that, the moderator introduced the experiment settings, including the function
of each screen and the screen on the car it simulates to help them get familiar with
the experiment settings. Then the participants are informed about the rounds of the
testing they would test, and the testing processes include experiencing the warning
and completing the after-demo and after-session questionnaires.

Later, the moderator asked the participants to sit in the driver’s seat and adjust the
seat until they felt comfortable being able to view the two screens (Windshield and
Cluster) with ease. To help participants better immerse themselves in car driving,
the same sensitizing introduction from the 1st iteration will be used.

Testing

The participants ran a practice trial before the experiment trial. In the same way
as the formal trial, there was a demo viewing and a post-demo questionnaire. The
scenario in the practice trial was similar but not identical - both had the key ele-
ments of emergent situations with e-scooters but happened in a different location,
so the road elements were different. The practice trial aims to help participants
fully prepare for their tasks and become familiar with the question format in the
post-demo questionnaire. As participants answered this round of questionnaires,
they were given a screenshot of the warning they had just experienced to use as a
reference.

There were in total 6 formal rounds of testing corresponding with 6 warning designs,
the scenarios were all the same in the formal rounds. After viewing each demo, a
questionnaire about participants’ experiences with warnings was asked to complete.
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Post-testing

After the participants viewed all six warning design demos, they were asked to rank
them based on their experience and how much they liked them. In this iteration, an
improvement from the pilot is that participants will be informed at the beginning
that they need to sort all demos in the final stage. So they could start sorting after
they had finished each demo with an instant impression. The moderator would ask
about the reason for the rank and other related questions. The participant was
encouraged to provide any other feedback and comments after the questions were
answered.
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Figure 7.8: The process of 2nd usability testing

7.2.4 Questionnaire
Post-demo Questionnaire

After viewing each demo, participants were asked to complete the post-demo ques-
tionnaire. This questionnaire is quite aligned with the one used in the 1st iteration,
but there have been some changes. The full questionnaire can be found in the
Appendix D.

Firstly, since a new connection feature is added to the concept, a related question
is also required. Secondly, the “importance of elements” part has been moved from
post-session to post-demo. Last, since we asked participants to start thinking about
sorting during the post-demo, a reminder was added about grading each demo based
on their experience separately. The reminder will be in the fake questionnaire, which
informs participants before everything starts.

Post-session Questionnaire

After experiencing all the demos, the participants were asked to rank the 6 demos
from the most and the least favorite based on their overall experience.
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7.3 Result and Analysis

The following section discusses the results of the post-demo and post-session ques-
tionnaire. Both qualitative and quantitative analysis are involved. For 7-point Likert
Questions, mainly quantitative analysis was used; the average scores were calculated
and compared with each other. For qualitative data, KJ analysis was used, and an
affinity diagram was drawn so that Participants’ insights were concluded and com-
pared with each other.

7.3.1 Post-demo Questionnaire

The post-demo questionnaire was asked to be completed after participants each
demo when the participants had fresh impressions. Post-demo focused on more
specific features, for example, participants’ comments on specific design elements.

Quantitative Analysis

The Single Ease Question (SEQ) is a usability metric used in user experience re-
search. It’s a 7-point rating scale that assesses how difficult users find a task after
attempting it in a usability test. From the table, it can be concluded that Demo
D and Demo I got both 5 in the top 2 box metrics. As for the mean and median,
Demo I got the highest score.

From the chart, it can be found that Demo K and Demo I performed better in the
static and dynamic design. Demo H, Demo I and Demo K perform better than the
other demos in the placement. Interestingly, Demo H and Demo J perform better in
the timing, although all the warnings have the same timing for warning. It is might
because the different designs and animations give participants different feelings.
For audio warning, all the demos are relatively similar, Demo J and Demo K are
slightly better than the others.

Qualitative Analysis

KJ-analysis is used for qualitative analysis. For each demo, an affinity diagram was
drawn. Method introduction is in the section 3.2.2.

7.3.2 Post-session Questionnaire
Quantitative Analysis

A post-session questionnaire was completed after all the demos were experienced by
the participants so that they could compare each demo and provide a comprehensive
rank of the demos.

The post-session questionnaire is first analyzed. The rankings were assigned with
scores, with the first-ranked receiving 6 points, the second-ranked receiving 5 points,
and so on, with the last-ranked receiving 1 point. Detailed information was showed
in the figures and tables below.
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Table 7.5: Quantitative Analysis of 2nd Post-Demo Questionnaire

(a) Single Ease Questionnaire

1 2 3 4 5 6| Top2 Mean Median
D4 4 7 7 7 6 4 5.83 6.5
H|{7 5 6 7 7 6 5 6.33 6.5
Demo Ly s> 7 7 77 5 6.67 7
J1b5 5 7 7 7T 5 3 6.00 6
K|6 6 4 5 7 7 4 5.83 6
L4 4 1 5 7 6 2 4.50 4.5
(b) Static Design
1 2 3 4 5 6| Top2 Mean Median
D4 3 7 4 3 6 2 4.50 4
H|7 6 5 7 6 5 4 6.00 6
Demmo |7 5 7 6 7 6 5 6.33 6.5
JIV7 2 7 7 6 4 4 5.50 6.5
KW76 7 6 77 6 6.67 7
L|4 5 7 5 1 5 1 4.50 5
(c) Dynamic Design
1 2 3 4 5 6| Top2 Mean Median
D|7 3 7 5 1 6 3 4.83 5.5
H{6 5 5 7 6 6 4 5.83 6
Demmo 17 6 7 6 6 4 5 6.00 6
J15 2 7 7 6 5 3 5.33 5.5
K|{7 6 4 6 6 7 5 6.00 6
L4 4 4 5 1 4 0 3.67 4
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Table 7.6: Quantitative Analysis of 2nd Post-Demo Questionnaire (continue).

(a) Placement

1 2 3 4 5 6| Top2 Mean Median
D6 3 7 6 1 4 3 4.50 5
H|{7 5 7 7 6 6 ) 6.33 6.5
Demo Ly 6 7 7 7 5 ) 6.50 7
JIb5 3 7 7 6 4 3 5.33 5.5
K|5 6 77 6 7 5 6.17 6
L|{6 3 76 1 6 4 4.83 6
(b) Timing
1 2 3 4 5 6| Top2 Mean Median
D5 3 7 6 2 5 2 4.67 5
Hi6 3 7 7 6 3 4 5.33 6
Demmo I{5 3 7 4 3 6 2 4.67 4.5
J|14 6 7 7 6 4 4 5.67 6
Ki4 5 4 6 6 7 3 5.33 5.5
L|{6 3 45 6 7 3 5.17 5.5
(c) Audio
1 2 3 4 5 6| Top2 Mean Median
D3 3 5 4 15 0 3.50 3.5
H{4 4 5 5 2 5 0 4.17 4.5
Demmo {4 4 5 5 1 3 0 3.67 4
JI15 3 5 5 5 5 0 4.67 5
Ki|5 4 5 4 5 5 0 4.67 5
L{4 4 5 3 15 0 3.67 4
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Table 7.7: Participants Feedback on Demo D

The icon did not show

the correct vehicle
type. (3 out of 6
participants)

In demo D, the icon type shows the wrong icon type —
bicycle, rather than e-scooter. The participant believed
that the information displayed in this graphic didn’t
match the actual situation.

Audio warning and
color should be able
to distinguish emer-
gent levels. (2 out of
6 participants)

In Demo D, the audio doesn’t change in different severity
of situation

Warning should
present clear informa-
tion about where the
objects are and where
it is going. (3 out of 6
participants)

The arrows and the icons show clearly where the object
is and where it is going, which is helpful for participants.

Orange and yellow are
too similar. (3 out of
6 participants)

Yellow and Orange are too distinguishable, and they
cannot express the difference of urgency.

Table 7.8: Participants Feedback on Demo H

The warning presents
the situation well but
with too much infor-
mation. (3 out of 6)

The warning contains too many icons and information.
Participants think it is complicated and distracts them
from the windscreen.

The color change from
yellow to red reflects
the severity change.
(3 out of 6)

Yellow and red can well reflect the difference in urgency.

Warning should
present clear informa-
tion about where the
objects are and where
it is going. (3 out of 6

The arrows and the icons show clearly where the object
is and where it is going, which is helpful for participants.

participants)

Th di Id b .. . . .
© au'lo cou ¢ Participants felt the current voice was not intensive

more intense and

stronger. (3 out of 6)

enough to convey the level of urgency
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Average scores

Each demo received 6 ratings from 6 participants. The scores are tallied and com-
pared.

Firstly, we calculated the average scores of each demo, the results are shown in Figure
7.9. Demo J got the highest average score, indicating it was the most favorite demo.
The average scores of Demo D, Demo I, Demo H, and Demo K are close to each
other, and it was hard to tell which one was better than the others. Demo L got
the lowest average score which means it was the least preferred.

Demo preference

6.00
5.00
5.00
4.00 36t 26l 3.50 3.50
o
£ 3.00
Z
2.00 1.67
1.00
0.00
J D | H K L

Demo

Figure 7.9: Overall preference about demos in 2nd iteration

Top 2 Box

The top two boxes’ analysis and results align with the average scores, it shown in
the Table 7.9. From the analysis of the top 2 boxes, it can be concluded that Demo
G was the favorite demo. Four people put Demo J in their first or second place,
among them Three people think it is the best demo and one person put it in second
place.

Demo D got three points in the top 2 box analysis, one person thinks it is the best
demo among the six, and two people put it in second place. However, two people
also put demo D in the last place. Demo H and K got two scores in the top 2 boxes.
There were no people who put Demo L in their first two boxes.

It can be concluded from the post-session demo that Demo J is the overall most
favorite demo. Demos D, I, H, and K perform similarly, participants have different
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Table 7.9: This table calculated the number of people who put the demo in the
first and second places

Demo | 6th | 5th | 4th | 3rd | 2nd | 1st | Top 2 Box
J 0 0 1 1 1 3 4
D 2 0 0 1 2 1 3
I 0 1 2 2 0 1 1
H 0 1 3 0 2 0 2
K 0 3 0 1 1 1 2
L 4 1 0 1 0 0 0

opinions on how they like these demos, resulting in their final overall scores being
similar. Demo L is the least-liked demo in the second iteration.

Qualitative Analysis

In the after-session discussion, we asked the reason they give this rank and why the
specific demo is their favorite one. Here we mainly analyzed the main reason why
participants prefer the specific demo.

Why do participants prefer Demo J?
Demo J is the most popular model in the second iteration according to the ranks,
here’s an analysis of why it’s so popular.

The predicted trajectory was the most emphasized feature in these discussions.
Demo J offers a very clear and concise predicted trajectory for the e-scooter, en-
abling a clear understanding of the vehicle’s current position and future direction.
Although like demos I display the same information, the design of the predicted
trajectory in Demo D is superior to others.

Besides, the color change from yellow to red presents the emergence of the situation
as well as the directional audio and staged audio warning.

Feedback of other Demos Demo D was overall good, effectively describing the
situation. Some people appreciated the way it displayed the blind spot warning,
finding it eye-catching. However, the main drawback is the icon for the vehicle
type, which shows a bicycle instead of a scooter. Additionally, the colors yellow and
orange are not sufficiently distinguishable in the warning design.

Demo H is the modified version of Demo D according to the feedback from the 1st
iteration. Overall, despite providing relatively complete information, the improve-
ments in design H are not substantial compared to design D. Some users noted that it
contained too much information and criticized the method of displaying trajectories
as inadequate. Additionally, despite the fact that all demo warnings were displayed
simultaneously, some users perceived design H as appearing too late. This may be
attributed to its more complex design, including graphics and animations, which
likely increased the time needed for users to recognize and process the information,
thereby creating a perception of delayed appearance.
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Demo I received similar feedback from participants as Demo H. The color change
from yellow for low-emergency situations to red for high-emergency situations effec-
tively represents the severity. However, it was reported that the warning appeared
too late, despite the timing being consistent across all demos. Some participants
mentioned the animation did not align very well with the real-time relative position,
so it was a bit distracting for them.

Demo K According to participant feedback, the primary issue with demo K is the
absence of crucial information. The alert fails to indicate the origin or destination
of the e-scooter. Although the design aims to convey the urgency and direction of
danger through various display ambiance lights, this intent is not apparent to users
in this round.

Demo L Most participants expressed difficulty understanding Demo L. The abstract
vehicle icon failed to clearly indicate the type of transportation connected to the
car. Furthermore, the terms ’left” and 'right,” intended to show the location of the
e-scooter, were not intuitive enough for users. Additionally, no one noticed the
dangerous areas marked on the map, suggesting that the design was not effectively
communicated to the participants.

7.4 Takeaways from the Second Iteration

This section mainly discusses the experience and rules gained from the second round
of usability testing which can be retained to the third iteration.

7.4.1 Visual

Icon and symbols should be large and visible enough in the warning design

If there are symbols or icons in the waning, it is important that the meaning of the
symbols is clear and intuitive. Therefore, the logo and its content should be big
enough so that they can be seen with ease within a short reaction time.

Icons and symbols should convey the correct information and avoid mis-
leading

Icons and symbols, whether abstract or concrete, must convey information accu-
rately and prevent the transmission of incorrect details or misunderstandings. In
our specific scenario, the icon should depict an e-scooter rather than a bicycle to
correctly represent the vehicle type. Additionally, in the demonstrations of D, H,
and I, the design of the warning image is problematic. Its resemblance to an arrow
misleadingly suggests a direction, which could confuse users.

In emergent situations, use strong colors to increase the stimuli

Red conveys a greater sense of urgency than orange and yellow do. Therefore, when
a high level of urgency is required, choosing red can enhance user attention.

75



7. 2nd Iteration

Warnings should be as simple and intuitive as possible

Excessive information can increase cognitive load. For warnings, it is crucial to
minimize the number of informational modules and avoid unnecessary changes to
reduce complexity. It is usually suggested to have no more than 4 elements at the
same time in a warning [8].

Warnings should used less text and 3D model might improve the effec-
tiveness

Aligning with the first iteration findings, the text may be challenging for the driver
to understand in an instant scenario. Using a 3D car model is a more effective
method for representing the car’s situation and other objects.

7.4.2 Effects

Animation effects in warnings, such as blinking and blinking rings, can enhance
people’s attention in emergency situations, helping them to quickly grasp important
information.

7.4.3 Placement

Under the current experimental conditions, the current placement is reasonable, but
there are participant feedback that many warnings are currently on reflectors, which
may be more reasonable.

7.4.4 Audio

Directional audio is helpful In this round, all models utilized directional audio.
Compared to the first round, they received improved feedback regarding audio warn-
ings. Participants reported that the integration of graphics and sounds effectively
indicates directionality, thereby enhancing the user experience and ease of use.

Different emergencies can be reflected through changes in the frequency
of sound In this iteration, different alert frequencies were applied to represent vari-
ous levels of urgency and received more positive feedback than in the first iteration.

7.4.5 Connection Logo

In this round, the newly introduced connection logo, intended to display V2X func-
tions, neither enhanced nor detracted from people’s attention and convenience. A
likely reason for this is that in emergencies, individuals prioritize essential infor-
mation and overlook secondary details. Since the connection logo failed to provide
crucial information about danger warnings, participants generally ignored it. Based
on all the above qualitative and quantitative analyses, demo J could be identified
as the eugenic result of this iteration and would continue to be used in the third
iteration.
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3rd Iteration

This iteration aims to find the optimal in-car display for placing the V2X warning
in our chosen scenario. The best-performing demo from the second iteration, Demo
J, was adopted as the test warning in this round. In total, three different in-car
displays were tested through usability testing: HUD, Cluster, and Infotainment.

8.1 Introduction

After two iterations of HMI design and usability testing, Demo J was selected as
the optimal HMI solution. It is considered the result of the two rounds of iterative
design. Therefore, Demo J, as the current best concept, was used as the basis for
the third iteration.

According to the experimental plan, other demos from the second round were no
longer used in this round. The goal of the third iteration was to find the optimal in-
car display position for placing collision warnings. Displaying warning information
on side view mirrors has become increasingly popular. However, due to equipment
limitations, we had to exclude side-view mirrors from our study. The possible display
options were limited to the HUD, Cluster, and Infotainment system. Figure 8.1
below shows the three common displays in the car.

Figure 8.1: Three In-car displays
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8.2 Concepts Redesign

Demo J has received feedback from the 2nd iteration takeaways that the mopped
bike icon didn’t as good as the e-scooter icon, and the blinking ring is better to use
the same color with the other warning information. So these two small adjustments
were implemented in the third iteration of a redesign.

The purpose of the third round is to determine the optimal position for the warn-
ing. To adapt the warning to different interfaces, changes were made accordingly.
However, these changes did not affect the fundamental characteristics of the warn-
ing, such as sound, appearance design, dynamic effects, and timing. Below is a
description of the interface design presented by demo J, adapted to three different
displays.

8.2.1 Warning on Infotainment

Showed in the Figure 8.2. Researchers stated that the closer the display was po-
sitioned to the driver, the more favorable the effect on driving performance due
to reduced visual demand. However, the infotainment system is the furthest dis-
play from the windshield and typically presents information about entertainment,
communication, and office-related functions, which are not directly related to the
vehicle or road situation.[4]. To achieve the best performance, the warning unit is
located on the left side of the screen so that it is closer to the driver. Besides the
warning unit, other parts of the infotainment interface display navigation functions.
Navigation is a common feature of the infotainment interface.

8.2.2 Warning on Cluster

Showed in the Figure 8.3. The cluster interface kept the same format as the last
two iterations. The warning unit is on the right side of the interfaces, which is the
same side of the e-scooter.

8.2.3 Warning on HUD

Showed in the Figure 8.4. HUD differs significantly from the other two interfaces
in terms of size, background color, and other aspects, requiring more substantial
adjustments for adaptation. Due to the limited display space, warnings on the
HUD should be brief yet concise. Although the HUD display is transparent, it can
still obstruct part of the driver’s view and cause distractions. To minimize this
distraction, only critical and urgent safety-related information should be displayed
on the HMI.

8.3 3rd Usability Testing

The third Usability test aims to find out the relatively better in-car display for
presenting the warnings. This usability testing adopted a within-subjects design,
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j Navigation

Figure 8.2: The warning unit on infotainment

Figure 8.3: The warning unit on cluster
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Scenario

Figure 8.4: The warning unit on HUD

all participants take part in every condition, and in this iteration, there are three
different kinds of conditions - warning on the HUD, warning on the Cluster, and
warning on the infotainment.

8.3.1 Participant

There were a total of five participants in this iteration: two females and three males.
The participants ranged in age from 26 to 52 years old, and all of them had more
than 6 years of driving experience.

In the last two rounds of usability testing, ten different participants were involved.
One of the biggest differences in the participant recruiting method in this iteration
was that participants were selected from the 1st and 2nd iterations. A total of five
participants were chosen for the 3rd usability test: three from the 1st iteration and
two from the 2nd iteration. The main criteria for selecting participants was their
language skills, this is because they could provide more feedback. The selected par-
ticipants provided clear and informative feedback in the first two rounds of testing.

The advantage of recruiting participants from previous iterations is that they can
compare this round with the last one. From their feedback across these two iter-
ations, it can be determined whether the usability problems identified in previous
rounds were resolved and if the overall experience has improved after the iteration.
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8.3.2 Configuration

The same driving simulator was used in this iteration; however, compared to the pre-
vious iteration, an additional pad was added to simulate the cluster or infotainment
system as needed. Similar to the second iteration, the setup includes an adjustable
seat, a steering wheel, a computer screen displaying the driving scenario video, an
iPad simulating the cluster or infotainment system, and a MacBook Pro acting as
a control center to manage the content shown on the displays. Audio warnings
were played through headphones. The figure 8.5 shows the configuration of the 3rd
Usability testing.

Driving scenario

Figure 8.5: 3rd configuration

8.3.3 Procedure

Figure 8.6 showed the detailed procedure. Firstly, participants were updated on
the project’s progress since their last involvement, without disclosing the criteria for
this usability test. Next, they moved to the car seat and adjusted it until they felt
comfortable and had all the screens in view. The trial round then began, designed
to help participants familiarize themselves with the experimental setup, including
the functions of each display, and to prepare them for the testing procedures.

The formal testing began after the trial round. The formal test included three rounds
of testing. In each round, participants experienced demos with warnings in different
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locations. After three rounds, participants had experienced all three demos.

After each demo, there was a post-demo questionnaire. This questionnaire was
semi-structured, with questions related to ease of use, physical distraction, cognitive
workload, and usefulness.

The post-session questionnaire was completed after participants had viewed all three
demos. Participants were asked to rank the interfaces they had experienced accord-
ing to their overall preference. In the final discussion session, participants were asked
to explain the reasons for their rankings and to provide any other comments they

had.

Testing warnings
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Testing warnings displayed on HUD, cluster, and infotainment with
randomized order

Before the During the After the
experiment experiment experiment

Figure 8.6: The procedure of 3rd usability testing

8.4 3rd Usability Result Analysis

As the same as the usability tastings in the last two iterations. The post-demo
questionnaire collected people’s insight towards specific features and the post-session
questionnaire collected the overall impression about the 3 demos.

8.4.1 Post-demo Questionnaire

The questions in the post-demo questionnaire are 7-point Likert questions - the
single ease question, questions regarding physical distraction, cognitive workload,
and usability. Qualitative questions asked the reason they rate. The questionnaire
can be found in the appendix D.

Quantitative Analysis

The records of quantitative analysis results are placed in Appendix F. From Ap-
pendix F, it is clear that the demo with the warning placed on the HUD performed
overall slightly better than the other two demos. The demo with the warning placed
on the infotainment system scored 0 points for overall experience and physical dis-
traction. The two demos, which with warnings on the cluster and the HUD, per-
formed similarly, but the HUD demo was slightly better.
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Qualitative Analysis

Since post-demo quantitative analysis cannot see clear gaps between each other, the
analysis of qualitative data can be useful and vital.

An exploratory thematic analysis of the data collected during the post-demo was
performed. Generally, warnings on the HUD cause the least physical distraction.
Participants 2, 3, and 4 mentioned that they don’t need to look elsewhere to get
the warning since they can always focus on the road when the warning is placed on
the HUD. Participants 2 and 4 also stated that they are always more attentive with
regard to the HUD. It appears that warnings placed on the HUD help participants
understand the situation more easily, as mentioned by participants 1, 3, and 4. This
suggests that warnings on the HUD are more intuitive for reflecting the situation.
However, a drawback of the current design is that the connection logo is set on the
dashboard, which can be disjointed as it appears on a different display from the
warnings when the warning is placed on the HUD or infotainment system. It is
suggested that the warnings and the connection logo should be on the same screen.

Warnings on the cluster can be helpful for drivers to understand the situation.
Participants 1 and 3 reported feeling safer with warnings on the cluster. Participants
2 and 3 mentioned that having the information directly in front of the driver, instead
of to the right as with the infotainment system, was beneficial. Participant 4 noted
that this location is relatively easy to notice and find. However, Participant 1
pointed out that it can cause distraction because the driver has to shift their sight
to the cluster, potentially missing important information on the road.

Unlike the first two positions, when the warning was on the infotainment system, a
lot of feedback about distraction was received. All five participants reported that
the warning is "not in their direct line of sight" and "too far from their view when
driving," requiring them to shift their focus from the road to the infotainment system.
Participant 1 mentioned that he reacted more slowly compared to the warnings in
the other two locations. Participant 5 stated that he had to spend more time looking
away from the road.

In conclusion, the infotainment system causes more distraction than other warning
placements because it is located too far from where the driver’s eyesight should be
focused on the road [4]. This finding is consistent with the literature. The HUD
causes less distraction and makes it easier for participants to understand emergent
situations. The same warning on the HUD is perceived as clearer and easier to
understand. Warnings on the cluster are also helpful, as they are relatively close
to the road and easy to understand, although they can be more distracting than
warnings on the HUD.

8.4.2 Post-session Questionnaire

As mentioned before, participants were asked to rank the three demos according
to their preference. The following chart describes the results of the post-session
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Table 8.1: Thematic analysis of participants’ feedback on three demos

Theme \ Codes \ N \ Participants
HUD
Physical I didn "t need to look to my screen on the 3 P2, P3, P4
distraction | right/allows me to keep my eyes on the road
Cognitive | The connection logo shown on the 2 P5
workload dashboard is misleading and distracting
[ am always on top of attention in my 2 P2, P4
driving
Clarity It is easy to understand the situation that 3 P1, P3, P4
the Warning and the threat appear at the
same time
It increases the visibility 1 P1
Easy to see both my and the scooters 1 P1
Ease of use | |, 7 .
direction
It is useful to have it in the windshield right | 1 P3
in front of you.
Cluster
Physical It is nice that the information is right in 2 P2, P3
distraction | front of you, instead of to your right.
It is distracting because I want to look at 1 P3
all the screens to know that I am not
missing any important information.
Cognitive | I feel secure about the situation when the 2 P1, P3
workload car helps me to react on the scooter.
The graphics are complicated for the 1 P4
warning takes a second to understand.
Ease of use | It was very easy to find the warning and 2 P3
figure out what was going on.
Infotainment
Physical Warning not in direct eyesight, too far away | 5 P1, P2, P3, P4,
distraction | from the view when driving, make me look P5
away from the road
o I react slower than the warning on the HUD | 1 P1
Cognitive
workload and Cluster
It makes my drive easier 1 P3
I put more time with my eyes away from 1 P5
the road ahead.
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questionnaire in the Table 8.1. Four out of five participants ranked the infotainment
system last because it is too far from the road, making it distracting. Participants
noted that more time is needed to notice and understand the warnings displayed on
the infotainment system.

It is hard to determine the best place for placing the warning, whether it is the
cluster or the HUD. Three out of five participants preferred the HUD because they
felt it was close to their line of sight and the least distracting. However, two out of
five participants preferred the warning on the cluster, finding it easy to notice and
feeling accustomed to looking at information on the cluster while driving.

8.5 Takeaways of 3rd Iteration

In this iteration, three positions for placing the warning were tested through us-
ability testing. After analyzing the results of both the post-demo and post-session
questionnaires, some design guidelines can be concluded.

Firstly, the HUD and the cluster are recommended for placing warnings. Among the
three positions, the HUD causes the least distraction, as it is closest to the driver’s
line of sight while driving.

The cluster can also be preferred by drivers. Although it may cause some distraction,
users are accustomed to checking information on the cluster.

Warnings on the infotainment system should be avoided because they are too dis-
tracting, being located too far from the driver’s line of sight while driving.
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9

Final Solution and Guideline

In this chapter, the final results of the thesis are presented in two sections: the
HMI prototype and a design guideline for Vehicle-to-everything(V2X) warning that
answers the research questions "what information should show to the driver and in
which way".

9.1 Final Concepts

The prototypes of the V2X warning were built with high-fidelity interfaces in Figma
and added interaction/animation using the software Adobe After Effects. As this
project has already operated three iterations for changes, the results mainly focused
on concluding the improved features from iterations and making small adjustments
based on third-iteration user feedback instead of describing all the visual elements
again.

In the first iteration, the study identified users’ needs and insights for staged warn-
ings, modalities, the presence or absence of different elements, and visual design
preferences based on the testing of existing warning designs. In the second iter-
ation, literature findings and user feedback were applied to clarify users’ specific
preferences in the scenarios, and then a design that users found the most intuitive
was chosen. Finally, after solving the problem of when and what information is
effective in the current scenario, the third iteration was conducted to determine the
placement and finalize the concept.

9.1.1 Head-up Display

The head-up display has been selected as the best placement to show the warning
according to the results of the third iteration 8. From the 3rd iteration, one valuable
piece of feedback is that one participant noticed the connection logo, and he thought
showing the connection feature on different screens was not good.

So, an adjustment would be moving the connection logo to the HUD screen at the
same position where the warning will be shown later, and then all related information
will show on the same screen. When the warning is ended, the connection feature
will keep showing when the e-scooter stays close to the car, as one of the findings in
the second iteration shows how it has displayed in all of the demos. According to
Campbell’s research[8], V2X warning should prioritize and filter the information, so
the group decided not to add a sound for this feature to stand out from the warning
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as the effectiveness of the feature is still not determined. The final concept of the
HUD is showen in the Figure 9.1.

Figure 9.1: Final concept for head-up display

9.1.2 Instrument Cluster

As stated in the previous part, not all the cars have a head-up display, so the demo
for the instrument cluster still keeps working as a substitute version for different
types of cars. The final concept didn’t make too many changes compared to the one
used for the third iteration, only enlarging the logo and changing the color of the
blinking ring due to the feedback from the second iteration. One possible adjustment
is to remove the direction arrow of the car 3D model since one participant in 3rd
iteration said it was a bit too much information for this warning. Also, according to
[8] no more than four information sections should be shown in the warning, and three
would be better if the element is not necessary. However, most of the participants
in the second iteration and third iteration didn’t mention it, so the opinion will just
remain.

Although the connection-logo feature didn’t receive much valuable feedback from
the second iteration of testing, participants were aware of it in the third iteration.
So, there might be a learning effect for users to get used to the information showing
on the screen. The feature may need further exploration in the future, but in this
scenario, the concept will remain, as shown in Figure 9.2.

20 ©

km/h

Figure 9.2: Final Concept for Instrument Cluster
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9.2 Guideline

In this section, we will conclude a design guideline based on the conclusions in
three iterations and interpretation of the framework 6.1. This will help identify
important features to consider for V2X warning design in order to ensure a good
user experience. This design guideline is aimed to provide researchers and industry
designers with a reference for future exploration related to V2X warnings and e-
scooters.

The guideline is developed following the information framework: staged warning,
modality, content, and visual design & effect. It is mentioned that the results are
not related to legal content.

9.2.1 Staged Warning

Iterative studies showed that the multiple staged warnings did not have an obvious
impact on user experience based on user feedback. Some participants even com-
plained that the changes were too quick (2 seconds), as shown in Figure 5.1, making
them difficult to notice clearly. This aligns with the literature review’s finding that
staged warnings might decrease user experience from a subjective perspective. How-
ever, all participants highly praised the color-changing effect based on the severity
of the situation. This effect has been utilized in some staged warnings to provide
a pre-warning before the e-scooter approaches, but no user specifically mentioned
that it made a significant difference.

According to Ma’s research [6], single-stage warnings generally performed better
than multi-staged warnings in subjective data, and multi-staged warnings outper-
formed objective utility performance with single-stage warnings. From this project,
based on user feedback, one potential reason is that the two warning scenes are so
close, only 3.5 seconds between the first end and the second start. Participants have
commented that they had already noticed the risky e-scooter, so it is unnecessary to
give a second warning that is strong and complex. Even two participants said they
wanted to keep showing the first warning on the screen when the scooter was close to
the car. Because they might have already recognized the first scene as a pre-warning
for the second scene, that’s why the classic "multi-staged warning" theory might not
work. Then the supplement guideline could be stated:

1. Using different colors, typically yellow and red, to represent different stages
according to the situation severity.

2. Too short a time will make the multi-staged warning very annoying. An ap-
propriate time setting is 3 seconds or more [7].

3. When two warnings are very close and come from the same object, it is unnec-
essary to use a multi-staged warning since the first warning could be recognized
as a pre-warning for the second.
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9.2.2 Multi-modality

The study clearly demonstrated that multi-modality, specifically the combination
of audio and visual elements, outperforms using only visual (1st iteration) or only
audio (2nd iteration, Demo K) modalities. This approach significantly enhances the
ability to catch the driver’s attention and make them more vigilant about potential
risks. More detailed guidelines are provided below:

1.

Audio warning is a mandatory requirement for V2X warning, no matter how
emergent it is.

(a) Frequency changes of the audio could help drivers understand how emer-
gent the warning is.

Sounds usually work better than speech (1st iteration)

(a) Directional sound could help the driver intuitively identify where the risk
coming from (2nd iteration)

. Audio warnings are mainly aimed at getting drivers aware, and visual warnings

provide detailed information.

9.2.3 Visual

Visual elements consist of the content and effect of the warning. This section will
not repeat specific factors such as the blinking ring and ambient light. Instead, it
will focus on the design strategy and the relationship between different elements.

1.
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Direction information is a mandatory element, while trajectory would also
benefit for driver’s decision-making.

(a) Do not add too much motion since it may distract drivers (1st and 2nd
iteration). Static key information would be more clear and quicker for
the driver to understand (2nd iteration).

(b) Using a 3D model is a clear and intuitive way of showing the risk direction,
participants could understand it easily (1st, 2nd and 3rd iteration)

The blinking effect is a good way to highlight significant information.

(a) If the effect has a decoration element (eg. ring), it should use the color
aligned with the warning information (2nd iteration).

The vehicle type may not need to be very accurate, it could be efficient if the
correct icon (2nd iteration), but using a similar speed vehicle type will not
cause too much confusion (1st iteration).

(a) Warning icon is better to use a filling icon instead of a linear one.

(b) The vehicle icon should have larger and thicker lines to help the driver
easily identify the vehicle.
The warning should have a high contrast against the background (1st itera-
tion).
Colors chosen for warning are usually yellow, red and orange (1st iteration).

Usually has no more than four types of information in the warning, the infor-
mation should be carefully filtered.
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9.2.4 Placement

The project has yielded clear results in Chapter 8 showing that a head-up display is
the best placement for displaying warnings, aligning with literature findings [14] [12].
However, due to user habits and practical factors, some participants also selected
the instrument cluster as their preferred option. Regardless of the screen used,
directional content is consistently preferred. The guidelines are as follows:
1. The warning should be shown on the same side that the risk object coming
from.
2. Making the warning close to the sight would ease the process of recognizing
information.
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Discussion

10.1 Results

The project aimed to create a warning design between an e-scooter and a car that
integrated with Vehicle-to-Everything (V2X) technology to enhance the driver’s safe
driving and increase the knowledge of which type of information related to the
scenario that is essential to give and in which way. The objective is believed to
be fulfilled as the final concept has been generated and design guidelines identified
that argue for several important aspects to be included and highly praised for their
clearness and effectiveness among participants.

The results are mainly based on qualitative iterative user studies and complement
the existing literature by design strategy guidance regarding staged warning, multi-
modality, information type (text or graphic, dynamic or static, warning sign or
vehicle icon), visual design (effects, icon style, 3D model), placement, dedicated for
e-scooter warning and producing a positive user experience. As clearness and satis-
faction are important for driver user experience in the situation awareness process,
this project can contribute to a safer traffic environment in the future.

The final concept and design guidelines will offer valuable insight for the company
regarding which types of information is essential and how to effectively communicate
them to drivers. Especially, giving some potential insights about how to distinguish
a V2X warning with the normal one, more specifically, the connection logo and the
information given much earlier than the usual detection, and how to manage them.
The delivered HMI design prototype will be used for further testing, perhaps in a
real car. Ultimately, the results of the thesis will contribute to the development of
useful Vehicle-to-Everything warnings for the E-safer project.

10.1.1 Compare to Current Research

Since concept evaluation can only be performed in a set scenario context in the test,
the interval between two warnings in the scenario may have caused the results of
multiple staged warnings to be different from some studies, but it is consistent with
the subjective performance research results of Ma et al[7]. More accurate results
require a lot of quantitative analysis to support.

In addition, the results show that graphic information is easier to recognize than
text information. Among different types of text, explicit information in the form of
advice does not differ from other types of supporting text in terms of effect (Demo E
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and Demo L), which is different from the research results [44];. However, short text
does perform better than detailed guidance, it is consistent with previous studies[44].
For audio warning, the sounds works better than the speech, which is not align with
the literature finding [9]. One of the reason might be the resource we used is different
from the research resource, which indicate the specific design of the element would
be important.

10.1.2 Limitation

The limitations of the results are due to the resources and the method used. Since
dynamic video prototyping is employed, the timing of each concept could be set
manually. However, because the scenario video is sourced online (Appendix A), it
is challenging to determine the exact speed and relative position of the e-scooter
in the video. When interpreting and implementing the real-time dynamic concept
[14], the animation is not accurately reflected in Demo F and Demo I, which also
conclude from the user feedback about possible improvement. The result of dynamic
and static information does not align with previous research, so this factor might
have an impact. Another limitation is the learning effect during the evaluation
process. The group has used a randomized order for each participants and add a
trail round to minimize the impact, but still some participants said they have got
more prepared for the scenario after the first one. If the future study have more time
of implementing demos, it might be a good way to use several different scenario or
making a joint long video to show warning multiple times.

Last but not least, timing is also a limitation for this project, as all benchmarking
analysis concepts are based on the video clips. There isn’t a configuration manual
to describe this, so the timing of the first iteration concepts might differ from the
original design. In the second iteration, the same timing was used for all concepts.
Therefore, user feedback about timing could be assumed as how easy it is for users to
understand and grasp the specific information, hence reflecting on the effectiveness
of the design. However, timing is always a significant factor in the warning, as stated
in the Chapter 6 result. Therefore, further conclusions regarding the design concept
might need to be drawn when it is possible to have a configured scenario.

10.2 Process

10.2.1 Procedure

The procedure of the process followed our refined human-centered design method
[17]and combined with a benchmarking analysis [21]. It has a rigorous logic about
reaching a better user experience peak and resolving all the research questions. But
according to the previous research [12][14], head-up display is usually identified as
a better place for the V2X warning. One question might be why the project decide
to start with the instrument cluster but not focus on developing design for HUD,
here are reasons:
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o Firstly, following the project HCD method, the group didn’t find a clear con-
sensus on placement, and most existing solutions are implemented at the po-
sition of cluster or infotainment system.

e Then, as clarified before, not all the cars have HUD, which has also been a
reflection from participants. Therefore starting with a more common position
can suit for general users.

10.2.2 Post-demo and Post-session

The project process is also a process of continuous adjustment. Post-demo and post-
session questionnaires are included in each iteration. The two methods support each
other. Post-demo can provide specific feedback on each concept, and the results can
reflect a certain trend; post-session can compare all concepts, collect qualitative data
and comprehensively obtain the optimal solution.

They is an interesting phenomenon is that the final results of these two question-
naires are sometimes inconsistent. For example, in the second round, it was found
that the users with high final rankings in the post-session may not necessarily have a
good experience in the post-demo. There may be several reasons and how the group
solved it: During the post-demo, the user’s personal preference for a certain point
will have a great impact, so the debrief is used in the free discussion part to verify the
participants’ thoughts through qualitative data; the group also uses random order to
avoid Primacy and Recency Effects, Learning and Adaptation Effects; Post-session
allows participants to compare all demos directly with each other, which can high-
light strengths and weaknesses not apparent in isolation, so the group mainly refer
to the result of the post-session to choose the final concept that send to the next
round. This phenomenon aligns with Lewis’ research [21] that usability testing is a
climb-hill process. The group got scattered data in the second round, but finally,
the overall user experience will be improved after combining the quantitative results
with qualitative analysis.

10.2.3 Participants

The project primarily involved using internal colleagues as participants, all of whom
have more than six years of driving experience, making their insights valuable. How-
ever, there is a demographic imbalance. While gender representation has been well-
balanced, the majority of participants are aged between 26 and 57, with less repre-
sentation from the younger generation (defined as under 25 according to youth policy
in Sweden [54]) and elderly after 57. Consequently, the project’s findings, such as
the preference for static information, may differ if younger or elder individuals were
involved.

Another is the systematic limitation of a small-sample size iterative design process.
Previous studies have verified the effectiveness of using this method, however, there
still a potential challenge is that the designer sometimes need to judge among scat-
tering, different aspect feedback [21], and a small sample size might lead the project
deviation of the direction. This phenomenon is evident in Chapter 7; one or two
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participants might have their own “ideal” warning in their mind, and although the
analysis has considered those biases, it will still have a bit of an impact on the
analysis.

A larger sample size might be a good solution to avoid this problem, but it will re-
quired much more time especially when participants’ schedule are varied. Therefore,
due to the time limitation, the project method is good enough.

10.2.4 Scenario Choosing

The video used in this project depicts two common scenarios. It accurately portrays
a situation that car drivers may encounter daily: an e-scooter approaching from
a blind spot and preparing to turn onto the opposite side of the road. Conflicts
between e-scooters and drivers are inevitable, so designing based on this scenario
could help manage such situations and enhance driving safety.

However, this scenario video still have some limitations. The car’s perspective in
the video is left-hand, consistent with Swedish driving habits, but the driving envi-
ronment is in the UK, where people drive right-hand. This slight discrepancy can
cause some interference for the participant. Additionally, the time interval between
the two risks in the video is very short. During the experiment, it was found that
this situation is not ideal for testing multi-staged warnings. The user receives an-
other warning immediately before re-entering the driving condition. If the interval
between the two risks can be longer, such as 30 seconds, it will be more conducive
to testing.

10.3 Ethical Implications

The project aims to reduce the risk of collisions between cars and e-scooters by
testing various V2X warning systems. This could have a positive ethical impact
on human beings as it may improve road safety. For instance, warning systems
using V2X technology, such as pre-warning and receiving more information from
other resources to build collective perception, can lead to more comprehensive and
safe driving situations when encountering e-scooters. Especially e-scooter riders are
usually more aggressive and have irregular driving behavior [1].

However, while V2X technology has more information inputs, it may also lead to
an extra mental workload for users due to information overload. It can prolong the
process of situation awareness [15] from perception and understanding to decision-
making, hindering the ability to make quick decisions in dangerous situations, which
is not conducive to safe driving. Therefore, when designing the warning on HMI,
it’s crucial to carefully adhere to design guidelines to prevent distracting users.

Another important ethical consideration in this project is user privacy, especially
when building collective perception. When implementing the vehicle-to-everything
warning system, it is essential to respect drivers’ autonomy to ensure they have
control over their data. They should have the option to choose whether or not to
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connect to the network and share their information. The "connection feature" design
in the project is a good practice to inform the user about the status of the V2X
function. Therefore, it could be transparent when gathering data from the car and
provide clear consent mechanisms when asking the driver for configuration.

10.4 Future Work

10.4.1 Connection Feature

The connection logo has been tested in the second and third iterations. Although the
results of the second test seems neutral since most of participants didn’t recognize
it; the third iteration received feedback from some participants who recognized it
as part of the warning system. According to the V2X design guideline [8], which
prioritizes filters and schedules information, the connection logo feature still needs
further evaluation to determine if it effectively conveys warning information and if
it could be interpreted as a pre-warning before the color changes. Other questions
could be when the driver should receive that information before the risk(maybe 5
seconds), and if it should keep displaying when the object is still near the car or
disappear immediately when the risk is gone. Following this project, all these factors
could be considered as potential topics for future testing using a similar process.

10.4.2 Side View Mirror

During the testing process, as the first risk scene is a blind spot warning, some
participants reflected that they are more familiar with using a side view mirror
to detect it. Although there are still other ways to show this warning, such as
using a camera to show a real-time video on the central panel [55], it would also be
interesting to discuss how to implement this project’s design to the side view mirror
to suit different risk scenarios. The technique used for this topic could be a focus
group for participants who have mentioned it to gain user insights about their needs
for design implementing on the side view mirror.

10.4.3 Expand the Work
More Modalities

Due to the limitation of time and the resources for testing, the project mainly focuses
on the modality visual and audio, which works best for pre-warning and standard
warning [8]. However, the haptic, which has also been stated as an essential solution
for the "last-second" warning, is not being tested. The project made that decision is
because the time limitation, and V2X information is usually even come earlier than
the normal car detection, so it didn’t much involved with the "last-second" situation.
However, as mentioned before, the e-scooterists are usually more aggressive [1], and
as a new vehicle, it would be meaningful to test with all modalities for it. One
possible way is to add a vibrator to the seat back or brake position to simulate the
haptic modality for testing.
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More Scenarios

Although the current scenario already includes two typical scenes, there are still more
scenes worth discovering. For example, the warning design of other typical collision
types mentioned in [10], how to apply this design guideline for those scenarios would
be a challenging topic; or other related scenarios mentioned in the previous Chapter
Market Research A, such as the e-scooter hidden behind the bus, and other scenarios
involving more complex and diverse elements are worth exploring later.
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Conclusion

In conclusion, this master’s thesis has successfully explored car warning design
within the context of V2X technology, providing valuable insights on how, when, and
what information should be delivered to drivers. Our findings are underpinned by
comprehensive market research and literature review, offering a robust foundation
rooted in design concept development.

By adopting a user-centered design approach, we conducted three rounds of design
iterations and usability testing with both general users and industry experts. The
first and second iterations evaluated relevant aspects of warning designs, including
color, effects, multi-modality, and staged warnings. The best-performing designs
from these iterations were further adjusted in the third iteration, which focused on
identifying the optimal in-car display for warning placement.

The iterative design process culminated in a high-fidelity warning design, suitable
to display on both HUD and cluster, along with detailed design guidelines. While
acknowledging the absence of some quantitative data, the research provides valuable
insights with qualitative data from driver cognitive studies that contribute to both
practical applications of the E-safer project and future research related to Vehicle-
to-everything warning with e-scooters.

99



11. Conclusion

100



[1]

[10]

Bibliography

H. Stigson, 1. Malakuti, M. Klingegard. (2021). Electric scooters
accidents: Analyses of two Swedish accident data sets. Accident
Analysis & Prevention, Volume 163, 2021, 106466, ISSN 0001-4575,
https://doi.org/10.1016/j.aap.2021.106466.

Tian D, Ryan AD, Craig CM, Sievert K, Morris NL. Characteristics and Risk
Factors for Electric Scooter-Related Crashes and Injury Crashes among Scooter
Riders: A Two-Phase Survey Study. Int J Environ Res Public Health. 2022
Aug 16;19(16):10129. doi: 10.3390/ijerph191610129. PMID: 36011762; PMCID:
PMC9407915.

Hong Yang, Qingyu Ma, Zhenyu Wang, Qing Cai, Kun Xie, Di Yang. (2020)
Safety of micro-mobility: Analysis of E-Scooter crashes by mining news reports.
Accident Analysis & Prevention. Volume 143, 2020, 105608, ISSN 0001-4575,
https://doi.org/10.1016/j.aap.2020.105608.

Olaverri-Monreal, C., & Jizba, T. (2016). Human Factors in the De-
sign of Human-Machine Interaction: An Overview Emphasizing V2X
Communication. IEEE Transactions on Intelligent Vehicles, 1(4), 302-313.
https://ieeexplore.ieee.org/document /7904661 /

Miucic, R. (2019). Connected Vehicles. In Intelligent Transportation Systems.
Berlin/Heidelberg, Germany: Springer.

Wang et al(2022). Head-Up Display Graphic Warning to Support Col-
lision Avoidance: Effect of Graphic Animation and Border on Driving
Behavior and Eye Movement Pattern. Transportation Research Record:
Journal of the Transportation Research Board, (03611981221134628).
https://doi.org/10.1177/036119812211346281.

Ma J, Li J, Huang H. (2022) Evaluation of Multimodal and Multi-Staged
Alerting Strategies for Forward Collision Warning Systems. Sensors. 2022;
22(3):1189. https://doi.org/10.3390/s22031189

Campbell, J.L., Venkatraman, V., Hoekstra-Atwood, L., Lee, J., & Richard,
C.M. (2020). HMI Design for Automated, Connected, and Intelligent Vehicles.
Handbook of Human Factors for Automated, Connected, and Intelligent Vehi-
cles.

Rukonié, L., Mwange, M. P.; & Kieffer, S. (2023). How Older Drivers Perceive
Warning Alerts? Insights for the Design of Driver-Car Interaction. SN computer
science, 4(1), 56. https://doi.org/10.1007/s42979-022-01455-9

Zhao, W., Gong, S., Zhao, D., Liu, F., Sze, N. N., & Huang, H. (2023). Effects
of collision warning characteristics on driving behaviors and safety in connected
vehicle environments. Accident Analysis & Prevention, 186, 107053.

101



Bibliography

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

23]

[24]

102

Gruden, T., Tomazi¢, S., Sodnik, J., & Jakus, G. (2022). A user study of
directional tactile and auditory user interfaces for take-over requests in con-
ditionally automated vehicles. Accident Analysis & Prevention, 174, 106766.
https://doi.org/10.1016/j.aap.2022.106766

Garlichs, K., Huber, M., & Wolf, L. (2023). How Human Drivers Can Benefit
From Collective Perception: A User Study. IEEE Intelligent Transportation
Systems Magazine, 15(5), 25-35. https://doi.org/10.1109/MITS.2023.3263890
Meixner, Gerrit & Miiller, Christian. (2017). Automotive User Interfaces: Cre-
ating Interactive Experiences in the Car. 10.1007/978-3-319-49448-7.

Kraft, A.-K., Maag, C., Cruz, M. 1., Baumann, M., & Neukum, A. (2020). The
effect of visual HMIs of a system assisting manual drivers in manoeuvre coordi-
nation in system limit and system failure situations. Transportation Research
Part F: Traffic Psychology and Behaviour, 74, 81-94.

Endsley, Mica. (1995). Endsley, M.R.: Toward a Theory of Situation Aware-
ness in Dynamic Systems. Human Factors Journal 37(1), 32-64. Human Fac-
tors: The Journal of the Human Factors and Ergonomics Society. 37. 32-64.
10.1518/001872095779049543.

Endsley, Mica & Bolte, Betty & Jones, Debra. (2003). Designing for Situation
Awareness: An Approach to User-Centered Design. 10.1201/b11371.

T. Horberry et al., "Human-Centered Design for an In-Vehicle Truck Driver
Fatigue and Distraction Warning System," in IEEE Transactions on Intelli-
gent Transportation Systems, vol. 23, no. 6, pp. 5350-5359, June 2022, doi:
10.1109/TITS.2021.3053096.

Joel McCall and Mohan M. Trivedi. 2006. Driver monitoring for a human-
centered driver assistance system. In Proceedings of the 1st ACM in-
ternational workshop on Human-centered multimedia (HCM ’'06). As-
sociation for Computing Machinery, New York, NY, USA, 115-122.
https://doi.org/10.1145/1178745.1178764

International Standards Organization. (2019). Ergonomics of Human-System
Interaction—Part 210: Human Centred Design for Interactive Systems, ISO
9241-210.

Wikipedia  contributors. (2024, April 8). Thematic analysis. In
Wikipedia, The Free Encyclopedia. Retrieved 12:20, May 19, 2024,
from https://en.wikipedia.org/w/index.php?title=Thematic_analysis&
oldid=1217834854

Lewis, J. R. (2014). Usability: Lessons Learned ... and Yet to Be Learned.
International Journal of Human-Computer Interaction, 30(9), 663-684.
https://doi.org/10.1080/10447318.2014.930311

Dumas, J. S. (2003). User-based evaluations. In J. A. Jacko & A. Sears ( Eds.),
The human—computer interaction handbook (pp. 1093-1117). Mahwah, NJ:
Erlbaum.

Nielsen, Jakob, and Landauer, Thomas K.: "A mathematical model of the
finding of usability problems," Proceedings of ACM INTERCHI'93 Conference
(Amsterdam, The Netherlands, 24-29 April 1993), pp. 206-213.

Albert, B., & Tullis, T. (2013). Measuring the user experience: collecting, an-
alyzing, and presenting usability metrics. Newnes.



Bibliography

[25] Bangor, A., Kortum, P. T., & Miller, J. T. (2008). An Empirical Evaluation of
the System Usability Scale. International Journal of Human-Computer Inter-
action, 24(6), 574-594. https://doi.org/10.1080/10447310802205776

[26] Marion Buchenau and Jane Fulton Suri. 2000. Experience prototyping. In Pro-
ceedings of the 3rd conference on Designing interactive systems: processes,
practices, methods, and techniques (DIS ’00). Association for Computing Ma-
chinery, New York, NY, USA, 424-433. https://doi.org/10.1145/347642.347802

[27] Ingrid Pettersson and Wendy Ju. 2017. Design Techniques for Explor-
ing Automotive Interaction in the Drive towards Automation. In Proceed-
ings of the 2017 Conference on Designing Interactive Systems (DIS ’17).
Association for Computing Machinery, New York, NY, USA, 147-160.
https://doi.org/10.1145/3064663.3064666

[28] Wikipedia  contributors. (2024, April 4). Zotero. In Wikipedia,
The Free Encyclopedia. Retrieved 18:07, May 16, 2024, from
https://en.wikipedia.org/w/index.php?title=Zotero

[29] Xu Z, Zheng N, Logan DB, Vu HL. Assessing bicycle-vehicle conflicts at urban
intersections utilizing a VR integrated simulation approach. Accid Anal Prev.
2023 Oct;191:107194. doi: 10.1016/j.aap.2023.107194. Epub 2023 Jul 2. PMID:
37402331.

[30] Wikipedia contributors. (2024, January 15). SCAMPER. In Wikipedia,
The Free Encyclopedia. Retrieved 20:30, May 16, 2024, from
https://en.wikipedia.org/w/index.php?title=SCAMPER&o0ldid=1195921710

[31] Customers | Magna. (n.d.-a). Magna. https://www.magna.com/company,/ com-
pany - information/customers

[32] Sweden: best selling car models | Statista. (2024, March 27). Statista.
https://www.statista.com/statistics/424960/leading-passenger-car-models-in-
sweden/

[33] Wikipedia contributors. (2024, April 5). Market research. In Wikipedia,
The Free Encyclopedia. Retrieved 20:05, June 12, 2024, from
https://en.wikipedia.org/w/index.php?title=Market_ research&oldid=1217404092

[34] Miucic, R. (Ed.). (2019). Connected Vehicles: Intelligent Transportation Sys-
tems. Springer

[35] PoleStar 2 Specifications. Polestar US. https://www.polestar.com/us/polestar-
2/specifications

[36] Explore the detailed specifications of the XC40 compact SUV | Volvo Cars.
(n.d.). Volvo Cars. https://www.volvocars.com/uk/cars/xc40/specifications/

[37] Danvers,V.C. (n.d.). How to interpret Volvo Dashboard Warning Lights | Volvo
Cars Danvers. https://www.volvocarsdanvers.com/how-to-interpret-volvo-
dashboard-warning-lights.htm# :‘text=Understanding% 20the% 20Color%
20Codes&  text=Some% 20common% 20red% 20warning’% 20lights,may%
20still% 20require% 20prompt% 20attention

[38] Elizabeth B.-N. Sanders & Pieter Jan Stappers (2008) Co-creation and the new
landscapes of design, CoDesign, 4:1, 5-18, DOI: 10.1080/15710830701875068

[39] Explore the detailed specifications of the XC90 | Volvo Cars. (n.d.). Volvo Cars.
https://www.volvocars.com/en-ca/cars/xc90/specification /

103



Bibliography

[40] Polestar 2 - Safety features | Polestar Global. (n.d.). Polestar 2 - Safety Features
| Polestar Global. https://www.polestar.com/global/polestar-2/safety/

[41] Adaptive Digital Display - XC90 2019 - Volvo Cars Acces-
sories. (n.d.). https://accessories.volvocars.com/sv-se/XC90(16-
)/Accessories/Document /audio/drivers-support/VCC-515616 /20197lang=en

[42] Explore the detailed specifications of the XC60 | Volvo Cars. (n.d.). Volvo Cars.
https://www.volvocars.com/en-ca/cars/xc60/specification/

[43] XC40 Navigation system in driver display | Volvo Support
EN-OM. (2023, March 16). https://www.volvocars.com/en-
om/support/car/xc40/article/ef907ccea38289dbc0a801516¢147a9f

[44] Rui Fu, Wenxiao Liu, Hailun Zhang, Xue Liu, Wei Yuan, Adopt-
ing an HMI for overtaking assistance - Impact of distance display, ad-
vice, and guidance information on driver gaze and performance, Acci-
dent Analysis & Prevention, Volume 191, 2023, 107204, ISSN 0001-4575,
https://doi.org/10.1016 /j.aap.2023.107204.

[45] Preston CC, Colman AM. Optimal number of response categories in rat-
ing scales: reliability, validity, discriminating power, and respondent pref-
erences. Acta Psychol (Amst). 2000 Mar;104(1):1-15. doi: 10.1016/s0001-
6918(99)00050-5. PMID: 10769936.

[46] Sitemanager Dnrg. (2024, March ~ 6). Driving a  Left-Hand

drive car in the UK: Is it legal? Advance  Insurance.
https://www.advanceinsurance.co.uk/articles/driving-a-left-hand-drive-car-in-
the-uk/

[47] Péter, G., Zsolt, S., & Szilard, A. (2014). Highly automated vehicle systems.
BME MOGI.

[48] Regulation - 2019/2144 - EN - EUR-LEX. (n.d.). https://eur-
lex.europa.eu/eli/reg/2019/2144/0j

[49] Pure progressive performance | Polestar. (n.d.). Pure Progressive Per-
formance |  Polestar.  https://www.polestar.com/uk/manual /polestar-
2/2022/article/62705ed54f689fc4c0a801511ecaf2f3/

[50] XC60 Driver display | Volvo Support EN-TH.
(2024, March 21). https://www.volvocars.com /en-

th/support/car/xc60/article/4b5b099c¢f34c358fc0a801510285ca7f

[51] Discover  Volvo  with  Google  Assistant, Google  Maps  and
Google Play built in | Volvo Cars. (n.d.). Volvo Cars.
https://www.volvocars.com/intl /v /connectivity /infotainment-page

[52] Color. (n.d.). Google for Developers. https://developers.google.com/cars/design/
automotive-os/design-system /color

[53] Material design. (n.d.). Material Design. https://m2.material.io/design/color /the-
color-system.html#color-theme-creation

[54] Target  population  of  youth  policy. (n.d.).  https://national-
policies.eacea.ec.europa.eu/youthwiki/chapters/sweden/11-target-population-
of-youth-policy

[55] HyundaiUSA. (2023, August 17). How to operate the Blind-Spot View Monitor |
Hyundai [Video]. YouTube. https://www.youtube.com/watch?v=1lniOeEsiM8

104



Appendix: Iteration Plan

Iteration Plan

February

March

April

Baseline
understanding

15t Usability
testing

Choose representative interfaces from
market

Invite participants to test the interfaces
and collect their subjective views and
opinions on the interfaces for
improvement in the next step

Redesign

2" Usability
testing

Implement
Design

3" Usability
testing
(Position)

A B ... G

N
&XS

A B -G

Feedback from 1st
Usability testing

Design Guidelines
from theory

D

Feedback from
2nd Usability testing

=

*If new concepts are all bett
than the previous one, previl
one out.

ler
us

Vs HUD
& x5 —> HOD .4—
\4 cs

According to the feedback from 1st
Usability testing, come up solution H, K
and L

Apply Design guideline from literature to
best interface(s) come up with solution |
and J.

Invite participants to evaluate on all
Design interface regarding Effectiveness,
satisfaction, as well as Usability.

Find out the best interface according to
2nd round usability testing

Testing the position with the defined final
concept
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Appendix: Video Resource

Final Scenario Choosing:
https://drive.google.com/file/d/12c5PItpkLzUnuhuXQXRjysKG-FQolMGy/view?usp=drive_link

Other clips as an example:
https://drive.google.com/file/d/1j8IAEb6vIDhu5ivxK8a_ooddNeHK38kx/view?usp=sharing

Video reference:

1. Outdoor adventures 1. (2023, July 31). 4k driving in Stockholm city | Stockholm City
terminalen - NK - kungstradgarden - strandvagen [Video]. Youtube.
https://www.youtube.com/watch?v=F6Y0OmiRcOxA

2. Outdoor adventures 1. (2023, February 1). 4k Driving in Stockholm | Sweden stockholm
driving in the city center | 4K ultra HD [Video]. YouTube.
https://www.youtube.com/watch?v=cZQ-a2ZG5BQ

3. Stockholm Walks. (2023, July 2). Driving in central Stockholm. Sounds of traffic and
Swedish radio [Video]. YouTube. https://www.youtube.com/watch?v=9j4uca3cjrA

4. Outdoor adventures 1. (2023, September 10). 4k Driving tour in Stockholm | Driving in
the center of Stockholm city | Driving in Sweden [Video]. Youtube.
https://www.youtube.com/watch?v=wbicbfbfJxE

5. HAMMI. (2021, January 9). OSLO - NORWAY - DRIVE THROUGH [Video]. YouTube.
https://www.youtube.com/watch?v=5WnAzEcebGU

6. EBSS on Road. (2023, October 28). [4K] Sweden - Driving in Gothenburg City [Video].
YouTube. https://www.youtube.com/watch?v=ShvlOvicpzU

7. JUtah. (2021a, June 14). Rome 4K - Morning drive - driving downtown [Video].
YouTube. https://www.youtube.com/watch?v=ytiM1nMv_xU

8. J Utah. (2021b, June 22). Zurich Switzerland 4K - Sunset Drive [Video]. YouTube.
https://www.youtube.com/watch?v=WVggB714jqu

9. Just Driving 4K. (2021, April 14). DRIVING MADRID Part Il The MADRID OF THE
AUSTRIANS, SPAIN i 4K 60fps [Video]. YouTube.
https://www.youtube.com/watch?v=wJDz_oCk8RY

10. PhotoSincera Studio. (2022, July 23). Thats why drivers hates Youth on electric
scooters ! [Video]. YouTube. https://www.youtube.com/watch?v=-sMPXb5FWNQ
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A\ Blind spot warning
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A\ Collision warning
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Target:
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Target:  12km 025h

D

Target: 12km  025h
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Basic information collection %

* Required

1. Participant number *

2. Gender *
O Male
O Female

3. Age*

4. How long have you been driving? *

O Less than 1 year

1-3 years

O
O 4-6 years
O

more than 6 years



5. How often do you drive (days in a week)? *

O never
O rarely

few times a week

O
O almost days
O

every day

6. what kind of car do you have? *

[:| Electric car
[:| Hybrid car

[:| Gas car

[:| | don't have a car

[:' Other

7. Your car brand

8. In general, how would you describe interactions with e-scooter riders when you
are driving? (1-annoying; 5-pleasant) *Skip this question if you haven't
encounter interaction with e-scooters



9. How many times have you ever experienced a near miss when interacting with
someone riding an e-scooter *

More than three times

O
O Three times
O

10. Have you ever had a incident with someone riding an e-scooter? *

O Yes
O No

11. What is the main reason do you think lead to a near miss?

12. What is the reason do you think lead to your last incident with a e-scooter?

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

@ Microsoft Forms



1st Iteration_Post-demo questionnaire s

Please answer the questions according to your experience to this demo

* Required

1. Participant number *

2. Testing Demo *

O Demo A
O Demo B

Demo C
Demo D
Demo E
Demo F

Demo G

O O O O O



Overall impression

Read the following description about the warning and rate on how you agree or disagree with it

3. Overall, how clear is the information and how easy for you to understand what is
happening? *

Very difficult Very easy

4. Could you describe your overall impression about the warning? Do you have any
confusion about it? *

5. The design elements, such as color, shape, size, animation effects convey the
message well. *

Strongly disagree Strongly agree

6. Why?_(Design elements)

7. It will be better if it also contains_auditory warning. *

Strongly disagree Strongly agree



8. Why?_(Auditory warning)

9. | am satisfied with the placement and position of the warning. *

Strongly disagree Strongly agree

10. Why? (placement and position)

11. | am satisfied with the timing the warning occurs. *

Strongly Disagree Strongly Agree

12. Why?_(Timing)



Overall impression_2

Read the following description about the warning and rate on how you agree or disagree with it

13. Overall, how clear is the information and how easy for you to understand what is
happening? *

Very difficult Very easy

14. Could you describe your overall impression about the warning? Do you have any
confusion about it? *

15. The design elements, such as color, shape, size, animation effects convey the
message well. *

Strongly disagree Strongly agree

16. Why?_(Design elements)

17. | am satisfied with the placement and position of the warning. *

Strongly disagree Strongly agree



18. Why?_(placement and position)

19. The Audio warning_is helpful and works well. *

Strongly Disagree Strongly Agree

20. Why? (Audio warning)

21. | am satisfied with the timing the warning occur. *

Strongly Disagree Strongly Agree

22. Why?_(Timing)



Suggestions for improvement

23. Could you please give any suggestions for improving this warning?

24. Do you have any other comments?

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

@ Microsoft Forms



1st iteration_Post-session questionnaire
3o

After watching all the warnings, grading each warning according to your overall preference

* Required

1. Participant number *

2. Please grading the 7 demos and sort them according to your preference
Demo A
Demo B
Demo C
Demo D
Demo E
Demo F

Demo G



3. According to your preference the demo you like most is

O Demo A
O Demo B

Demo C
Demo D
Demo E

Demo F

O O O O O

Demo G

4. According to your preference the demo you like the least is

(O DemocC
(O DemoD
(O DemoE
(O DemoF
O

Demo G

5. Why you like Demo A the most?



6. Why you like Demo A the least?

7. Why you like Demo B the most?

8. Why you like Demo B the least?

9. Why you like Demo C the most?

10. Why you like Demo C the least?

11. Why you like Demo D the most?



12. Why you like Demo D the least?

13. Why you like Demo E the most?

14. Why you like Demo E the least?

15. Why you like Demo F the most?

16. Why you like Demo F the least?

17. Why you like Demo G the most?



18. Why you like Demo G the least?

19. How important are the following factors for creating a effective and satisfying
warning? Please choose three of them which you think are important.

Please select 3 options.

D Timing

[:] Appearance (color, Size, Shape etc.)

Form of risk information (Text, Graphic, Hybrid)

Auditory warning

Effects of Warning (Shinning, Color change, Ambience light, risk zone)

Trajectory of Object comes

I T R I R O I

Other

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

6 Microsoft Forms



2nd iteration_Post-demo questionnaire s

Please answer the questions according to your experience to this demo

* Required

1. Participant number *

2. Testing Demo *

O Demo D

Demo H
Demo |
Demo J

Demo K

o O O O O

Demo L



Impression

Read the following description about the warning and rate on how you agree or disagree with it.

3. Overall, how clear is the information and how easy for you to understand what is
happening? *

Very difficult Very easy

4. Could you describe your overall impression about the warning? Do you have any
confusion about it? *

5. The static design elements, such as color, shape, size convey the message well. *

Strongly disagree Strongly agree

6. Why?/ Any comments? ( Static design elements)

7. The_dynamic design elements, such blinking, animation effects, predicted
trajectory etc.., help with understanding the situation well. *

Strongly disagree Strongly agree



8. Why?/ Any comments?_(Dynamic design elements)

9. | am satisfied with the placement and position of the warning. *

Strongly disagree Strongly agree

10. Why?/ Any comments_(placement and position)

11. The Audio warning_is helpful and works well. *

Strongly Disagree Strongly Agree

12. Why?/ Any comments_(Audio warning)

13. | am satisfied with the timing the warning occur. *

Strongly Disagree Strongly Agree



14. Why?/Any comments?(Timing)



Improvement

15. What features do you like most and least about this demo?

16. Could you please give any suggestions for improving this warning?

17. Do you have any other comments?

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

@ Microsoft Forms



3rd Iteration_ Post-demo questionnaire
3o

Please answer the questions according to your experience to this demo
* Required

Impression

Read the following description about the warning and rate on how you agree or disagree with it.

1. Participant number *

2. Testing Demo *

(O Hup
O Cluster

Q Infotainment

3. Overall, how clear is the information and how easy for you to understand what is
happening? *

Very difficult Very easy



10.

. Overall, the experience of the warning is Pleasant *

Strongly disagree Strongly agree

. The warning optimizes required action to prepare for the emergent situation *

Strongly disagree Strongly agree

. Why/Other comments?_Physical distraction *

. The warning reduces cognitive workload (attention, memory, decision making,

etc.,) to get prepared for the emergent situation *

Strongly disagree Strongly agree

. Why/Other comments?_ Cognitive workload *

. The Warning is useful and enhances your reaction to avoid potential collision. *

Strongly disagree Strongly agree

Why/Other comments?_ Usefulness *



11. Do you have any other comments about the warning?

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

@ Microsoft Forms
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Appendix: 1st Iteration Analysis

Overall clearness

01 02 03 04 05 median mean Top 2
Demo A 4 4 4 b 4 4 4.2 o]
Demo B 3 5 B 6 5 5 5.0 2
Demo C 5 7 7 7 7 7 6.6 4
Demo D ] 6 7 7 6 6 6.4 5
Demo E 5 & 6 2 1 3 3.4 1
Demo F 4 4 7 5 4 4 4.8 1
Demo G 5 1 6 2 5 5 3.8 1

" or T o2 7 o 7 o2 7 o5 median mean Top 2
Demo A 4 4 3 6 3 4 4.0 1
Demo B 1 3 1 6 5 3 3.2 1
Demo C ] 7 7 5 6 6 6.2 4
Demo D 6 6 7 5 6 6 6.0 4
Demo E b 4 7 2 1 4 3.8 1
Demo F 5 4 7 5 5 5 5.2 1
Demo G 3 1 6 2 4 3 3.2 1

Placement

01 02 03 04 05 median mean Top 2
Demo A 5 3 6 5 3 5 4.4 1
Demo B ] 4 1 6 5 5 4.4 2
Demo C ] 6 7 6 6 6 6.2 5
Demo D ] 6 7 6 6 6 6.2 5
Demo E b & 7 2 1 3 3.6 1
Demo F ] 4 7 3 5 5 5.0 2
Demo G 1 1 6 & 4 3 3.0 1

01 02 03 04 05 median mean Top 2
Demo A b 4 6 6 5 5 5.2 2
Demo B 6 4 1 2 5 4 3.6 1
Demo C ] 7 7 6 6 6 6.4 5
Demo D ] 6 7 6 5 6 6.0 5
Demo E b 4 7 4 1 4 4.2 1
Demo F ] & 3 6 5 5 5.0 2
Demo G 1 1 4 b 4 4 3.0 0
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E. Appendix: 1st Iteration Analysis

o [l oo P s | s T o [

But choose it better

than center since it
shows on right side
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E. Appendix: 1st Iteration Analysis

7

Very good, no
confusion/ Clear and
good/ Very clear
warning. Easily
understood where the
object came from and
where it went.

Good audio
and
symbols

road.

Paid too much focus on
the HMI compared to the

R T e I s e

7

Veermbol

the first warning
‘since the voicei

6
I 'am satisfied with

telling that
something is
approaching and |
can also see it on the
dashboard.

-04

6

Understandable
placement that was
moving along with
the ride
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E. Appendix: 1st Iteration Analysis

T N N I s

N T S T T e

7

To getmy
attention/
React faster/
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E. Appendix: 1st Iteration Analysis

A

Visual
« Icon should be more visible
« Thicker line / filling
« Change the background of warning to have a higher
contrast
+ Make the icon larger

Effects
« color changing is good
« Add blink?
. should corresp with
« Side > center
» Distinguished warning for the first and second warning

Audio
+ Add audio
= Only audio for the second

€

Visual

« too many warnings boxes, takes my
focus away from e-scooter on the
road.
too much text, can't read it
Lack of visible symbols and audio
+ yellow and red is easy to derected
aganst background
dont like that there are three
warning signs and my attention is
taken by all three of them.

F

Visual
« Largericon
« Simple graph
Effect:
« Side ambience light
« Blinking is good
Placement
« A warning sign at the corner or on
the top would be good
« Less moving around, just the sign
moving but relatively static

2

Visual
« Icon should be more visible
« Dif shade or change the background to have a higher
contrast
« Larger symbols
o Less text

Effects
« Popup occured very quickly, slower animation?
« Placement
« Keep the warning close to the sight (center in this
study)
« Distinguished warning for the first and second warning

Audio
* Add sound

Timing
= 1st warning should be earlier

4

Visual
« Icon/content
« Good to know where (direction) the risk come from

Effects
+ Moving along with the ride
» Placement corresponding with the scooter
+ Remove the seond warning visual content

Audio
» Voice could provide direction information
» But sound is prefered
« Or change the content of phrase, maybe like a
passenger notifying you
« Shorter speech
+ Remove the visual of the second wanring

Timing
= Giving the warning earlier or make the speech shorter

6

Visual
« No moving
» Do not use the pedestrian sign
» Use a more emergent color for
warning (red)
» Larger symbol
Effects:
« Color changing is good.
Placement
« Closer to the window
Audio
e Add audio that warn the driver there
is something approaching
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Appendix: 3rd Post-demo

Quantitative Analysis Record

Single easy question

Cognitive workload

Participant No.| Cluster HUD | Inf t | Participant No.| Cluster HUD |Infotainment
1 5 7 7 1 & 5 5
2 4 6 3 2 3 3 3
3 7 7 7 3 6 7 6
4 5 7 7 4 5 6 4
5 7 6 4 5 6 5 4
Average 5.6 6.6 5.6 Average 4.6 5.2 4.4
Top two Box 2 3 3| Top two Box 2 2 1
Overall experience Usefullness
Participant No.| Cluster | HUD [ Infotainment | Participant No.| Cluster HUD |Infotainment
1 4 5 6 1 4 7 6
2 5 6 3 2 4 6 3
3 6 7 5 3 7 7 6
4 5 7 5 4 5 7 4
5 7 6 4 5 6 6 4
Average 5.4 6.2 4.6 Average 5.2 6.6 4.6
Top two Box 1 2 0 Top two Box 2 3 2
Physical Distraction
Participant No.| Cluster HUD | Infotainment
1 8 6 4
2 4 6 2
3 6 7 7
4 5 7 3
5 6 6 4
Average 4.8 6.4 4
Top two Box 1 2 0

XXXIX
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