
 

 

Exterior Warning Signals for Silent Buses
Master Thesis in Interaction Design Technology

KARL BERG
IDA HÄGGLUND
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Abstract

Electrical buses are manufactured in order to address issues with the global environment.
The silent propulsion of electrical buses can be seen as a positive side effect as noise in the
urban environment is reduced. However, concerns are raised as the silent buses may be
harder to detect for a VRU, abbreviated Vulnerable Road User. This concern is addressed
in pending legislation, pushing for technical solutions such as AVAS (Acoustical Vehicle
Alerting System), which proposes addition of artificial sounds. We state questions of how
warning signals could be designed in order to maintain effectiveness and comfortability,
how well legislation requirements are met, and finally, a investigation of multi-modality.

The warning signals to be designed are partly forced by pending legislation and
partly desired from Volvo Buses, which give rise to potential shifts in priority and desired
outcome. Action design research suits the change in scope that our efforts induced in
the project, through conducting the project. The action design research suits a iterative
design cycle in which each iteration results in prototypes that are evaluated provided a
context in which it should operate within.

The design perspective used in this project are inclusive and human centred design.
The problem of detection isn’t a novelty for many user groups in our society, why inclusive
design was utilised. The use of human centred design is complementing the vast technical
knowledge within Volvo Buses and provides an alternative perspective more suitable to
subjective measurement.

The design process includes four iterations, where each iteration has a divergence,
transformation and convergence part. Meeting numerous experts, interviewees and users
resulted in the Use Cases and User Scenarios. By identifying common patterns a model
for warning signal design was formulated. The concepts were designed through a series of
creative sessions and a workshop. Photography and video recording was used extensively
in order to provide context and inspiration for design.

The results consists of a designed Pattern-Event-Pattern (PEP) model for design
of warning signals. The model consists of a pattern and events which can be utilised
for designing warning signals that are effective and comfortable. The model is used
to generate four design concepts: Eco, Care, Express and EWAS. The latter stands
for Exterior Warning and Attention Signal and includes user evaluated audio warning
signals. All concepts are described in respective video prototypes. Using multi-modality
might be beneficial but remains to be tested. A comparison of visual and audio signals
shows that the audio signals are dominant in respect to the visual signals. The dominance
of audio signals is inherited as only secondary information can be found through the
visual input.

Our finding is that it’s possible to design warning signals that receives high arousal
and acceptable comfort in a Self Assessment Mannequin-scale evaluation. As the SAM-
scale evaluation provided context through a video prototype, due to time and ethical
constraints, it remains to evaluate the warning signals in a real traffic situation. The
suggested audio warning signals are mapped to a urgency rank which enables a coherent
experience. The suggestions of audio signals excludes sounds that were superfluous,
already given by mechanical movement or dangerous to change.
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and Jonas Jergill from Volvo Buses. They have provided excellent supervision, in-depth
knowledge, connections and much needed feedback of our designs.

We would also thank Thommy Eriksson, our supervisor at Chalmers University of
Technology. Thommy provided guidance through the theoretical aspects of the project
and introduced many interesting perspectives as well as patience regarding our report
writing.

Keolis and all their helpful bus drivers helped us a lot, the interview material would
be significantly smaller without them.

We would like to thank the driver instructors Bill Jonsson, Mikael Jonsson and
Johanna Kostenniemi for letting us partake during their instruction sessions.

New (for us) and very important perspectives of how it’s to travel by bus was pro-
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1
Introduction

T
he drive of environmental improvement, locally as well as globally, has led to
a development towards electrical vehicles. This thesis is associated with the
Gothenburg city project Electricity, which includes the new bus route 55 from
Lindholmen to Johanneberg. The route was opened in June 2015 and its fleet

consists of seven hybrid electric buses and three electric buses.
While the low noise levels exerted by the silent electric buses are beneficial to the

local environment compared to the traditional internal combustion engine buses, issues
may arise concerning the safety for VRUs.

The first issue concerns the lack of audible cues when a electric bus (or hybrid electric
bus when driven in electric mode) is approaching, possibly increasing the risk for the
VRU. Especially inattentive or visually impaired road users might be unable to detect
an approaching electric bus. As a consequence legislation for constant sound emission for
silent vehicles has been investigated by EU, USA and Japan since 2009 (Misdariis and
Cera, 2013) and are incoming. European proposals for guidelines on measures ensuring
the audibility of hybrid and electric vehicles has resolved in Acoustic Vehicle Alerting
System (AVAS), that is a sound generating device attached on the vehicle in order to
inform VRUs of a incoming vehicle in operation.

The topic of such legislation is the introduction of minimum noise exerted by vehicles
(Sandberg et al., 2010). Such noise exertion could be detrimental to the general health of
the urban population (Ljungblad and Renhammar, 2013) in the same way noise emitted
from combustion engines harm the urban population (Kihlman et al., 2014).

The second issue relates to the interaction between the VRU and the electric bus,
why an interaction design perspective is suitable. With the exterior interaction in mind,
communication is mediated between the bus driver and VRU through the bus. Hence
the bus influences the behaviour of bus drivers and VRU mutually. A common practice
in the automotive industries safety systems is to notify the driver about a dangerous
situation, while the pedestrians are expected to be aware when they are in traffic. Since
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1.1. RESEARCH AIM AND QUESTION CHAPTER 1. INTRODUCTION

the bus have professional drivers a horn in combination with passive noise have sufficed.
As the electric bus to large extent lacks passive noise under 18 km/h it’s probably
harder to detect why the VRUs can’t be expected to notice them to the same extent.
By designing exterior warning signals for the bus it can be detected easier and allow for
richer interaction between the bus driver and the VRUs.

Thus, emphasis can be put on the interaction between the approaching electric bus
and the VRU in order to create a safer traffic environment. The interaction between
the approaching electric bus and the VRUs is not only important to themselves but also
to the local environment, which makes it important to weight passive exposure to noise
into the design concept. However, it is important not to forget that the audio warnings
is not the only exterior warning signal for these situations. Light signals, movement and
haptic1 signals are other modalities that serve as warnings. Although the audio often
outshines the others, it is important not to rule out possible solutions or supplement
into the design process.

Manufacturers of electric buses must assume the responsibility to develop both safe
and environmentally friendly vehicles while considering future safety issues that may arise
as a consequence of new technology. This thesis is an effort to meet this responsibility.

1.1 Research aim and question

The research problem is about designing an exterior warning signal for electrical buses
that is effective for VRUs without compromising a sufficiently comfortable surrounding
environment. This results in a design challenge to balance between developing an effi-
cient yet comfortable warning signal. By finding a balance between potential modalities
and design concepts this will be tested with users as part of the elaboration to produce
warning signals based on human preferences. The concepts contains both visual and
auditory elements and investigate solutions both inside and outside of the AVAS legisla-
tion. The problem area has resulted in one main research question, with two proposed
sub-questions.

• How can exterior warning signals for silent buses be designed, in order for them to
be effective yet comfortable?

– Are multi-modal warning signal beneficial in order to increase the level of
comfort, effectiveness or both? Which mode is suitable?

– To which extent does our warning signals fulfil the current legal requirements,
the pending legislation and recommended guidelines?

1.1.1 Scope

One final design concept describing how VRUs are being alerted of an approaching silent
electric bus are enclosed in this report. The concept will be described by a prototype

1These signals are based on physical interaction, relying on the users ability to touch.
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that explains when and how such warning signals are issued. The report will also contain
an evaluation of how well the non-technical AVAS requirements are fulfilled and if the
recommendations were heeded. Since only the evaluation is within the scope we allow for
sounds to be designed that violates the AVAS requirements, the reason being two-folded:
the requirements are subjective and they are restricting to the creative process.

Requirements

(i) sirens, horns, chimes, bells

(ii) emergency vehicle sounds

(iii) alarm sounds, fire, theft and smoke alarms

(iv) intermittent sounds

Recommendations

(v) melodious sounds

(vi) insect or animal sounds

(vii) any sound that confuses the identification of the vehicle and/or its operation.

An evaluation of how the requirements are fulfilled will be provided.

1.1.2 Limitations

As a human design perspective is used, we are limited to subjective results. This means
that further studies are required to verify our results. Budget is very constrained, why all
necessary equipment will be borrowed. Software will be used within the free trial periods
if those software licences are expensive. Payment for user tests will consist of cinema
tickets. The studies only concern Gothenburg due to the availability of electrical buses.
Time will not allow for ethnographic studies (Myers, 1999) as gaining rich material would
require too much time. We also decided not to study the driver interface. Even though
the interaction between bus driver and bus is as important as the interaction between bus
and VRU, we focus on the latter. Including the driver interface would require further
studies, such as driver ergonomics, legal requirements for operators, and more. The
subject being silent electrical buses will exclude hybrid buses as they are more complex
due to a flexible behaviour. The results are probably, but not certainly transferable.

4



2
Background

T
he background for this thesis is introduced from a global perspective focusing
an societal overview including infrastructure change narrowing down towards a
more local perspective looking at the transportation system and the bus plat-
form. The research domain for this thesis is formulated through analysis of the

situation at hand through the different stakeholders point of view. As the local situation
is a consequence of a solution to the global environment issue, the relation is mapped
and compared in relation to the stakeholders interests and some main stakeholders are
identified.

2.1 Research domain

The research domain is found through a holistic approach, by studying the original
problem - the global environment. In short, the global environment impacts our society,
infrastructure, transport system, local environment and at last every individual. The
problem associated with silent buses appears in the local environment, spreading down
towards every individual or user of the traffic system. Zooming in on the situation where
warning signals are issued in figure 2.1.1 shows how exterior warning signals comes from
local interaction between the bus driver and the VRU, mediated by the silent vehicle.
The interaction between the bus driver and the VRU is observed by, and have impact
on, a lot of members in our society. Identifying groups of such members as stakeholders
provides a map, or network, of people who are affected by our design.

Legislation is made in effort to protect the all members of our society including the
VRUs and the manufacturer of electric vehicles. A difficult task as existing legislation
strives to reduce noise in rural areas while pending legislation strives to increase noise
in the public transportation system. Both, of course, have the public health in mind
but on separate levels - preservation of long term national health and prevention of swift
local accidents. In addition, increasing growth in big cities create infrastructure change
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as erection of buildings strains the traffic systems as the capacity needs to be increased
and more people are affected by passive noise. The passive noise is detrimental to the
inhabitants of the city while the silent buses potentially risks the security and health
of the VRU. The design for coming legislation is crucial from a societal perspective
(Misdariis and Cera, 2013). Therefore it is essential for our collaborators at Volvo Buses
when designing for now and the future. As exterior signals are to be perceived by
all individuals in the urban environment it’s important to design for everyone with a
inclusive design perspective. Hence, it’s our goal to create a design that allows for an
enabling and ethical environment (Steinfeld and Maisel, 2012).

Figure 2.1: Describes the situation from a wider societal perspective towards a more
zoomed in perspective focusing on the VRU.

Figure 2.1 illustrate the different involved parts starting on the societal level followed
by the infrastructural concerns and changes. The implemented design of warning signals
affects the current environment, thus changing the sound infrastructure in cities and
landscapes (Misdariis and Cera, 2013). Finally the local level visualised in the core of
Figure 2.1 change of roads and transportation system is being expanded to adapt to the
new demands.

6
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2.1.1 The local traffic situation

Our local traffic situation derived from the defined global perspective described in 2.1.
A growing issue concerning transportation is the noise generated by buses and larger

vehicles. The noise must stay below a certain decibel to meet existing sound require-
ments, which influence the transportation system to undergo a change toward the more
silent electric buses (Ljungblad and Renhammar, 2013). The electric vehicle meets the
noise regulations with ease and take part in improved local environment.

To improve the situation, we look at the interaction between the bus, the bus driver
and the VRU. By locating the problem down to the bus stop where these parties meet,
we can identify the behaviour in traffic regarding this specific situation to be able to
analyse and design for this. This is illustrated in the core of Figure 2.1

2.2 Stakeholders

There are a lot of involved stakeholders for the research domain these are quickly de-
scribed in the later part of this section.

However the core from the local traffic situation described in Figure 2.1 results in
the identification of three main stakeholders. These are illustrated in Figure 2.2.

7
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Figure 2.2: Interaction between the three main stakeholders are highlighted.

Both the VRU and the bus driver are directly involved in accidents why the main
focus will be on the interaction between them. The bus drivers will to great extent be
exposed to any implemented warning system, why their working environment must be
considered. Volvo Buses are manufacturers and our employers for this thesis project.
Their primary goal is to prevent all traffic accidents involving a Volvo Buses, as well as
considering future issues that may arise as a consequence of new technology. Figure 2.3
illustrate all stakeholders accompanying with a list including all the other (and not yet
mentioned) stakeholders within our research domain. Moving further away from the core
and the main stakeholders from the local level at the bus platforms, the citizens should
feel safe in their traffic system and comfortable in their local environment, meaning god
design warnings fulfilling it’s purpose and at the same time less exposure to loud noises.

8
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Figure 2.3: An overview of all identified stakeholders and among them the ones who are
emphasised in our thesis highlighted by a triangle.

The other stakeholders:

• Politicians - such as lawmakers and lobbyists are involved based on law decisions
about noise disturbance in the city.

• Infrastructure representatives - City architects, and city planners could be affected
by the design.

• Property owners - Noise in the city might have an impact on estate or property
value.

• Landowners - Possibility to erect houses due to change of noise or traffic regulation
requirements.

• Citizens - Except the safety of the individuals, accidents and noise in the traffic
sector is costly and ultimately impacts the tax payers.

• Environmental representatives - Noise damage gets reduced and general health
benefit is expected. Safety issues associated with electric vehicles potentially slows
the improvement of the environmental condition.
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To sum up Figure illustrate all our identified stakeholders with the main ones highlighted
through the triangle.
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3
Theory

T
he chapter of theory is divided into three sections. The first section include
the topic of warning signals in general and what qualities that constitutes a
warning signal. The second section present legislation, since the highlighted
discussion balancing between the major issues and concerns as well whether

warning signals are necessary at all. Finally the last section concern interaction design
and motivate why and how an interaction design perspective is critical for the topic of
exterior warning signals for silent buses.

3.1 Warning signals

Design of warning signals can improve traffic safety as decreased reaction time reduces
risky situations. This is bound to both auditory and visually elements with their different
advantages. The auditory signal can reach out to more people since they are not bound to
one physical viewpoint (Edworthy et al., 1991) within a certain area. The visual signals
are less ambiguous as they can communicate complex information in a very quick and
concise way. Other modalities might be useful but are unconventional why they aren’t
discussed further.

3.1.1 Auditory warning

As mentioned in previous section 3.1 the auditory warning signals reach out to more
people since they are not dependent on where people are looking. However we have gotten
used to the standard warning signals1 not taking notice to them since they are everywhere
around us and has been for a long time (Edworthy et al., 1991). In addition, the signature
of the usual auditory signals often is perceived as annoying, to loud, frightening and
distracting and therefore often is turned off. Making it important to balance the signals

1such as bells, horns, buzzers and sirens
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to not under or over designing a situation. Perceived urgency and level of urgency was
coined by Edworthy et al. (1995); Hellier and Edworthy (1999) and basically refers to the
sound that the listener picks up and the level of urgency it conveys. As a result of this it
is possible to adjust the warning signal according to its background noise by giving each
warning signals different mapped levels of urgency with an own range within that ranking
2 (Hellier and Edworthy, 1999). This would make it possible to map all warnings, and
create a more designed traffic and noise environment. Edworthy et al. (1995) point out
that perceived urgency can be seen as a synonym for arousal strength. Both the terms
are a result of individual parameter measurement of the overall warning situation and
then ranked in order of strength (Edworthy et al., 1991, 1995; Hellier and Edworthy,
1999). Further Patterson (Edworthy et al., 1991; Hellier and Edworthy, 1999) highlights
the importance of urgency mapping, arguing that creation of a relationship between the
warning signals to be perceived in a set situation are important - making it important to
design warning signals synced to each other. Many problems with mismatch of warning
signals is described by Patterson as a huge problem in warning signal design. As a
remedy, Patterson provides guidelines regarding Warnings speed, Warning fundamental
frequency, Repetitions and Harmonic contents. Utilising the idea of synchronization led
to three concepts, described in 7.2, which were evaluated as a set of warning signals.
In contrast, evaluating each individual warning signal and piecing them together into a
concept is done in the EWAS concept, described in section 7.3.

3.1.2 Visual warnings

There are wide variations using visual warning signals. By a quick glance, the VRU can
get important information about a situation. Motion can be used to arouse and attract
the VRUs attention. Colours can be used to convey different situations or states, for
instance - to rate a scale of dangerousness or time or any other situation where this kind
of mapping is needed. Furthermore, flash and fade-in and fade-out effects can be used
for natural transitions (Edworthy et al., 1995). Perceived urgency can also be used for
visual warning signals. Over-warnings, meaning that the warning signal is exaggerated
in respect to the risk at hand, are a common occurrence as ubiquitous technology isn’t
standardised to create a coherent experience in our everyday life. Finding no evidence for
over-warnings to be harmful, Edworthy et al. (1995) further means that clutter steals the
users attention from warning signals. Another focus discussed is content versus form,
as warning signals often are designed regarding how to warn rather than why alerts
are issued. Again, the urgency mapping can be utilised in order to distinguish which
warning signals are important warnings or just regular messages containing information
(Edworthy et al., 1995).

2for example it could be the warning signal volume or pitch.
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3.2 Legislation

The research of legislation investigates the debate about whether warning signals are
necessary at all. It also contains the aim and content of coming, effective or suggested
legislation. It highlights the major issues and concerns raised associated with silent
vehicles. Up to this date legislation is only at a proposal level in the USA where EU
guidelines has resulted in recommendations and restriction through AVAS.

3.2.1 Minimum sound requirements for vehicles

National Highway Traffic Safety Administration (NHTSA), in USA, started created reg-
ulations for vehicle noise named ”Minimum Sound Requirements for Hybrid and Electric
Vehicles3” in 2010. This followed in 2011 of a guidelines proposal 4 however up to date no
regulations are completed or approved. The regulations emerged as an encouragement
from the National Federation for the blind (NFB), which has pushed the issue since
20035. Since electric vehicles are so quiet they potentially endanger VRUs, the United
Nations Economic Commission for Europe (UNECE), investigate the Quiet Road Trans-
port Vehicles (QRTV), through creation of devices and recommendation such as previous
mentioned AVAS that can be added to the natural emitted sound. The added super-
ficial sound comes from speakers attached to the bus which means that the possibility
for any kind of sound signature for the warning system is possible (Allman-Ward et al.,
2014). A process to design and deliver optimal sounds for silent cars using AVAS is pro-
vided by (Allman-Ward et al., 2014). Both interior and exterior sounds are investigated,
though only exterior sounds are relevant for this thesis. Further they created a list of
requirements when implementing the exterior sounds as follow in short:

• A good sound for other VRUs moving in traffic. It must be sufficiently enlightening
but for the part not annoying.

• Provide VRU with vehicle information, such as location, speed and acceleration.

• It should be a positive sound and strive towards creating a brand value for the
manufacturer.

• The design should consider the urban environment.

They emphasize that a combination of all of the recommendations are difficult to achieve.
Instead they should be tested and weigh each of these sound recommendations to measure
relations and differences of the factors previously mentioned (Allman-Ward et al., 2014).
Furthermore, a conventional approach is used when it comes to testing the appropriate
sound signal to electric vehicles in the study. They highlight the importance of repeata-
bility when conducting tests. Therefore tests are divided into two main parts consisting

3http://www.nhtsa.gov/SampleSoundsandhttp://www.nhtsa.gov/staticfiles/rulemaking/pdf/

QuietCar-noi-draft.pdf
4http://www.unece.org/fileadmin/DAM/trans/doc/2011/wp29/WP29-153-12e.pdf
5https://nfb.org/images/nfb/publications/bm/bm13/bm1303/bm130311.htm
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of sound design in a virtual environment and validation in a natural environment. The
virtual environment is meant not to be influenced too much by the surrounding factors
such as weather, background noise, the drivers driving style and so forth. By using a
simulator for a virtual environment a controlled evaluation is being conducted where
different sounds can be tested against different realistic scenarios (Allman-Ward et al.,
2014). Designed sounds within fixed frames combined with high repeatability made pos-
sible for final tests out in a natural environment working as validation of the designs. The
sounds were downloaded and attached as add-on speakers on the vehicle with deployed
observers in different types of situations.

3.2.2 Critique against legislation

The lack of scientific evidence to support legislation such as AVAS is palpable. Among
the major critics it’s mentioned that there is no research pointing at the lack of sound
on quiet vehicles would lead to accidents (Sandberg et al., 2010). The lack of scientific
evidence probably stems from the legislation being proposed pro-actively, taking action
as he fear or worry of the problem is very real, as shown by the survey carried out by
Wogalter et al. (2002). It remains to see what happens when a increasing number of
vehicles in traffic have an electric engine. Even if the need of warning signals is debatable
it’s clear that there are concerns. As interaction designer it’s our job to address these
concerns, even if it’s not rational. It is also the responsibility of our manufacturers
to maintain legal requirements that may come in the form of minimum requirements of
sound. The health issues associated with low frequency noise is comparable to the health
effects of road traffic accidents, according to Kihlman et al. (2014), criticising AVAS to
be a regrettable decision. It might be better for the population in general to get rid of
the engine sounds in our society due to heart disease which could be related to exposure
of low frequency noise, such as engine noise. Though, a well designed added artificial
sound might satisfy the legislation as well as a healthy frequency interval.

3.3 Interaction design

The interaction design perspective focus on putting the user in focus when designing
products and services, letting this enhance or improve human interaction Preece et al.
(2015). It is about getting to know the user and explore and iterate solutions that
makes the user experience better. So in order to draw conclusions about the research
problem, the origin of the problem is investigated. Gaining knowledge about the user
and identifying needs leads to formulation of requirements in order to design the desired
experience. With two of the main stakeholders, namely the VRU and the bus driver, a
direct communication exists. Partly, this communication is settled through the use of
warning signals. It’s a two-way communication that gives expression with the bus as
a tool or extension. By creating interaction in form of exterior warnings attached on
the bus, VRUs and drivers can be informed in different critical traffic situations and
the problem of silent buses in noisy cities can try to be solved. Further the warning
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signals undergoes several iterations based on the set requirements and need to expand
alternative designs. Prototypes can be built to further explore or communicate designs
and evaluation of the designs are a supporting decisions made throughout the whole
process Preece et al. (2015).

3.3.1 Human emotions response to auditory signals

How we perceive sound depends on many different factors, in an urban environment,
there are a variety of sounds that works to overpower each other. How we perceive
sound depends on the context in which we find ourselves and what we are doing at
that moment. Bergman et al. (2009) conducted research that explains how emotions
can influence our perception of sound. There’s also a relationship between behaviour,
decision-making and elicited emotions. A source of how to conduct tests of emotional
response is provided by Bergman et al. (2009) as well, the paper outlines how to measure,
test and evaluate sound signatures with human emotions as a factor.

Self Assessment Manikin scale

The Self-Assessment Manikin (SAM) scale uses human emotions as a ranking method for
evaluation of different systems or products. The scale measures what the test-participant
experiences in terms of given parameters. Through the use of pictorial manikins the three
emotion parameters pleasure, arousal and dominance are scored by the test-participant.
The test-participant points out the manikin who he or she identifies with the most. The
SAM questionnaire illustrated in Figure 3.1 is filled in after the user is familiar with the
situation studied.
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Figure 3.1: The Sam scale used for measuring human emotion of valence (top), arousal
(middle) and dominance (bottom).

The SAM scale can be used to estimate the experience of sound. By using the
manikins it’s easier to describe the parameters as each unit has a graphical representa-
tion, a feature is also avoided confusion as the test-participant just points out the answers
while the test-conductor notes them. The SAM scale divides in to three different dimen-
sions of core affects, valence, arousal and dominance-submissiveness dimension Bergman
et al. (2009). When testing sound the third one (dominance dimension) is abundant and
overlapping with the arousal dimension, as sound is typically dominant. The weakness
of the SAM-scale is the loss of information as the quantified results can’t convey the full
range of emotion the test-participant actually experienced. During tests conducted in
this study, the valence range in a scale from negative to positive with a neutral position
in between. It can be said to be the dimension that controls most of the variation in our
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emotions. Arousal however, range in a scale of arousal to calm which can be explained
by how activated or passive the tested stimuli is interpreted.
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4
Research method

T
he research method reflects how the research is conducted and implies suit-
able design perspectives. As the result will be qualitative and opinion based,
due to limitations listed in section 1.1.2, an opinion based research model is
utilised. This allows for methods originated from inclusive and human centred

design perspectives
”

which is suitable in order to answer the research questions. The
research method utilised in this study will be Action Design Research, which is a subcat-
egory of Design Research as well as a combination of Design Based Research and Action
Design Research.

4.1 Action research

Action research is conducted through invoking an action into a existing and active en-
vironment and then study the ensuing effects. By analysing this effect, another cycle of
action can be designed. Such an action cycle is suggested by Wadsworth (1997) in the
steps of

1. Plan change

2. Act

3. Observe

4. Reflect

5. Plan a new change

6. Repeat

Another important part of action design research is the focus on what the user does
rather than what the user say that he or she does. In design research this is commonly
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good practice but not necessary, depending on the application. In order to maintain
this focus, interviews needs to be semi-structured. It’s also important to keep asking
the same interview questions to different people. Settling for an answer isn’t okay since
action research is a process or series of cycles that begin with old action and end with new
action incorporating research continuously as feedback from and to action(Wadsworth,
2011). Another potential problem in action research is ethical issue in the sense where
the agenda of participators and researchers are in conflict (in contrast to the ethical
issues described in the following section). As the common agenda for all participants
we’ve met is to prevent traffic incidents and human suffering, the problem of conflicting
agendas is minor.

4.2 Design Based research

Design based research uses the approach of progressive refinement (Collins et al., 2004),
which means that a design is put into the real world and then evaluated. In the next
iteration the design is refined based on the evaluation and then the design is again put
into the real world for evaluation. The cycle repeats until the evaluation is good enough
or not improving the design. Explanations for how we follow the guidelines for reporting
from Collins et al. (2004) are found below.

• Goals and elements of the design. The goal is to develop a good exterior warning
signal for everyone. To achieve this goal we have to look at some critical elements.
They all relate to one of our research questions, see section 1.1, which concerns
creation of a warning signal that is perceived by every road user through multi-
modality. Every VRU should be able to notice the silent bus, but in a manner
which do not disturb people moving in the city or living in the neighbourhood.
While reaching the goal of the design we intend to follow coming legislation and
use suitable modalities.

• Settings where implemented, A detailed description of setting can be found in the
design method chapter 5. A walk-trough of how design methods where used and
why are included for the reader to evaluate the faithfulness of how the design was
carried out in each setting.

• Description of each phase, In the design process 6 every phase of our project is
described in detail. Every iteration along with its different evolution are presented.
We motivate for every change and describes how critical elements of the redesign
better fulfil the main goal.

• Outcomes found, Outcomes found can be in the result chapter7

• Lessons learned, The discussion chapter 8 consider what happened in the different
phases, attempting to conclude all the findings into a picture of how the design
evolved. Accomplishment and failure are presented as well.
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Good documentation is an important factor within design based research to enable re-
searchers to study the results from your work. Further new research projects can build on
previous work and draw independent conclusions Collins et al. (2004), why rich material
is available in either the appendix or on the homepage.

4.2.1 Action Design research

Action design research can be seen as a hybrid of action research and design research
(Järvinen, 2007). Sein et al. (2011) contributes with an literature exploration of the
intersection of action research and design based research. They both highlight similarities

Usually science is conducted in order to understand a phenomena by observing it,
a common practice is also to avoid intervention while observing the phenomena. The
action researcher intends to change the reality through action, usually during the process.
The action to induce change is evaluated, which resembles design research - where an
artefact is built and tested.

As the artefact is constructed in order to address a specific purpose and the evaluation
is of how well the artefact fulfil this purpose (March and Smith, 1995), it resembles the
action design. The many similarities are listed by (Järvinen, 2007) in great detail. Given
briefly, the action design research is about a utility or artefact that intervenes with the
local environment while affecting it and its local users. The process is iterative, includes
evaluation and involves users of the utility while the process generates design and domain
knowledge.

Our action design research include development and evaluation of the exterior warn-
ings attached to the electric bus located in a traffic environment. Two main issues are
addressed, firstly the identification and evaluation of the problem situation and secondly
the development and evaluation of an exterior warning that work to support and solve
the problem situation. This results in creation and evaluation of exterior warnings to
support the user in its context (Sein et al., 2011).

This thesis relies heavily on information from people, some professionals made avail-
able through Volvo Buses while other consists of stakeholders, test-participants or as-
sociations. Semi-structured interviews are used frequently. A semi-structured interview
contains a pre-constructed topic to outline the interview, allowing the interview to be
partly open. The open part of the interview is important when getting in to the field
as preconceived ideas can result in a poor interview rather than a necessary learning
experience.
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Figure 4.1: The illustration shows the similarity of action research and design based
research

4.3 Ethical issues

Consideration regarding participants in our study and their shared data will be under-
taken. We will have their consent to videotape, take pictures and other kind of data
collection. For video and photography taken in public spaces, we will follow the guide-
lines of the Swedish Association of Professional Photographers1. We will not record,
publish or cite any transcripts made available through sign or text interpretation as it
is considered a private conversation. Hence we can’t use citations from Teleprompter
messages sent by interpretors in their effort to allow communication between two people
with impaired hearing. Volvo Buses have approved the final version of the thesis. A con-
tract between us, the authors, and Volvo Buses is signed in agreement to which terms
that applies, details are enclosed in the contract. Throughout the work an inclusive
perspective will be used. Thus, people with disabilities will be included in the set of
users and constitutes a valuable resource of knowledge.

1http://www.sfoto.se/tio-fragor-om-lag-och-ratt
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5
Design method

T
he chapter of design methods describes which chosen design perspectives
and methods are utilised. The two perspectives are presented under respective
section. The methods are described and motivated in the methods section
separately as they don’t belong to a specific perspective.

5.0.1 Human centred design

As a phase in the human centred design process, research studies are complemented with
methodology for understanding people in their context. Different interview techniques
are used to get data which forms a foundation of knowledge. Other specific design
techniques and methods are used to extract specific or situation-based knowledge. The
gathered input follows is interpreted and synthesised in order to formulate a concise
description of the data in the purpose of generating ideas in the form of design solutions
or concepts. Finally an adaptation and refinement phase can be utilised to define the
concepts (Toolkit, 2008).

During the design process, warning signals are designed in order to address peoples
opinions, their environment, as well as the given situation. In order to fully test a
warning signal, it needs to be attached to an operating bus with real VRUs perceiving
the warning signal. Several technical issues arises, e.g. the location of the speakers
emitting the warning signals might give rise to different experiences depending on the
receivers position. As the technical aspects are very costly and complex, they are to be
tested late in the design phase - which requires the tests conducted early in the design
phase to simulate the natural environment to the best extent as possible. Repeatability
of the tests is very important in order to minimise bias.

Research within the Design field often mean that tests performed in a natural envi-
ronment is recommended over tests conducted in a lab environment where loss of natural
elements can occur (Allman-Ward et al., 2014). Ambient sounds of a traffic situation
must be taken into account, since many warnings may disappear in the crowd. It would
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be ideal to combine and customise a test situation, while aiming to fulfil an ideally
representation of the situation and at the same time include observers with little pre
knowledge of the test.

5.0.2 Inclusive design

Inclusive design means that by designing for people with different needs, requirements,
wants, disabilities and so forth, we can include every user in our design. (Clarkson,
2003). Not being a novel societal idea, aiming to making life easier for everyone to live
in is preferable. For this master thesis this means that everyone should be able to deal
with traffic regardless of disability. It is society’s responsibility to equip its members with
the means necessary to be functional. Assuming that such means have been invented
by people in effort to be functional in the daily life, we aim to use the inclusive design
perspective to make such tool available for everyone increasing comfort and functionality
for everyone.

By working and talking to audio impaired VRUs who potentially already uses aids,
helpful artefacts or designs could be transformed into a warning signal that could be
perceived by all VRUs. It’s sensible to interview users with visual impairment - as they
are in need of a warning signal substituting the now lacking audio signals. VRUs with
impairments or diverse functionally might utilise abilities and tools more creatively, why
they constitutes a very important source of inspiration, ideas and valuable input. The
borders between functionally between VRUs are not exact, as different users often engage
in entertainment, communication or other distraction which limits the attention span or
completely blocks sensory input. The relation between paying attention and exposure
to risk is suggested in the study from (Sangberg, 2012) which shows that a majority of
tested participants enter an unsafe situation due to cell-phone usage.

5.1 Methods

Numerous methods are used as they are bread and butter to every designer. We show
an excerpt of methods in order to illustrate the most important or for various aspects
interesting methods.

5.2 Interviews

As interaction designers, it is vital to go out and meet the people you are designing for,
the user. To frame the problem, interviews will be conducted including the stakeholders
in the field to gain a varied insight into how the problem is treated as well as the attitudes
of different people in different situations (Preece et al., 2015).

Predominant usage of semi-structured interviews allows for extra questions or deep-
ening of a topic if necessary (Preece et al., 2015), rather than sticking to a static script.
This type of flexibility is suitable initially in a project to gain understanding of the use
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and situation leaving space to widen up or narrow down the focus of interest (Preece
et al., 2015).

Understanding how people move in traffic, how the warning signals are received today,
and what VRUs think about the traffic in the city are important. The inclusive design
perspective suggests contacting with visual and hearing impaired users of the traffic
system. We are also interested in the drivers opinions, how they acts when a warning is
issued and how it is treated. Finally, we want to speak with auditory and visual design
experts to contribute technical expertise for the intended design work. This concludes
conducting:

• Semi-structured interviews with bus drivers.

• Semi-structured interviews and focus group discussions with representatives of peo-
ple with different auditory and visual disabilities.

• Semi-structured interviews with Volvo Buses internal expert users within the field
of auditory and visual design.

5.3 Field observations

The master thesis include many interviews to gaining lots of information about what is-
sues people identifies in city traffic as well as their suggested solutions for those problems.
By complementing interviews with observations we hope to collect a broader collection
of data. We aim to include not only the things that people talk about, but also what
they do, sometimes unaware that they are doing it (Preece et al., 2015).

Initially we aim to observe bus drivers while in traffic to create an understanding of
the profession and role in traffic. The focus is put on the interaction between the driver
and VRU. When the VRU is moving around the bus. We also aim to observe entering
and leaving the bus to get an understanding of this interaction from the drivers point
of view. Moving to the VRU, observations will be conducted from various platforms.
Through an unstructured observation a foundation for the design of exterior warnings
can be mapped (Preece et al., 2015).

As for all the observations we will conduct, we will try to stay in the background not
to impact the study more than necessary.

5.4 Benchmarking through SWOT

An investigation of the warning systems implemented on the market today will be inves-
tigated through gathering a technical overview. As the automotive market is far more
developed than the bus market, with respect to electrical propulsion the benchmarking
will be done in that sector. In order to mend the discrepancy of benchmarking an-
other market a SWOT-analysis will be conducted. The SWOT-analysis will address the
coming legislation and AVAS-compatibility.
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As SWOT analysis can be a good basis for explore existing technology in electric
vehicles. By defining the strengths, weaknesses, opportunities and threats a business
can map their strategic position and compare itself to other.

5.5 Personas

In order to handle and gather information concerning a project, a fictive person can be
constructed in order to represent a group of users who are similar yet slightly different.
Personas are composite archetypes based on behaviour patterns uncovered during the
course of our research (Cooper, 2014). A persona can then be used to ease communi-
cation, for storytelling see 5.6 and more. One of the main features of personas is the
ability to focus on the need of one represented group at the time, instead of fitting all
the users needs into the design.

5.6 User scenarios

A user scenario is a narrative telling a story. The story is usually about interaction
between stakeholders or between stakeholders and the object to be designed. The story
is formulated in the perspective of 5.5, a stakeholder or the user. Scenarios are generally
written at the beginning of a project during discovery and requirements gathering phases
Schaeffer (2011).

5.7 Use cases

Use cases are often written in the form of an actor or user performing an action followed
by the expected system response and alternative outcomes Schaeffer (2011). The use
cases are written short and compact since they only contain functional information. An
example is provided in chapter 6.

5.8 Six Thinking Hats

The Six Thinking Hats is a design method used for expanding or validating ideas and
diverge way of thinking. By using role playing and several pre defined roles the method
can contribute with creating a valuable discussion with successful problem solving (Löw-
gren, 2004). The thought is that every participant has a given colour with accompanying
role. One advantage is that the method is flexible in the sense that all people can have
different roles but everyone can also enter the same role to discuss a topic from a certain
angle. One can reflect and discuss different ideas and designs to gain greater insight
from different roles (Löwgren, 2004).
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White: Moderator Blue: Thinking about thinking

What do we know? What is being learned?

What do we need to know? What is next?

How do we get this information? How do we move on?

Red: Expressing emotions Green: Being creative

What are my gut feeling? New opportunities?

No need to justify anything How can it be improved?

Yellow: Being optimistic Black: Judging

What are the strengths? What are the weaknesses?

What are the opportunities? What are the difficulties?

Table 5.1: A summary of the six roles included in The Six Thinking Hats method.

5.9 Sketching

Sketching is described by Carpendale (2012) as a fundamental tool that helps designers
express, develop and communicate design ideas. Sketching can be used to create and
document ideas in a creative way. By putting down the design on paper, deliberation
of solutions can be achieved and ideas can easy be communicated to employees and
stakeholders.

5.10 Prototyping

The creation of prototypes can be used early in the design process. There are different
degrees of prototypes and as an introductory part, rapid prototypes created by pen
and paper can be used to communicate a design. The idea is that this kind of Low-fi
prototype can be used for testing and evaluation of the design, making improvements
and then test again. It is a iterative process that does not stop until the time runs out, or
a desired result is achieved. In summary, the result improves the more iterations given.
In the later stage of the design process a High-fi prototype can be created as a final
presentation of the concept (Preece et al., 2015). This could result in video prototypes,
physical prototypes with technical implementation or a web page.
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6
The design process

T
he design process introduces through the time plan given for this master
thesis. In the second section the initiation phase is described followed the
research phase, the design phase and the documentation phase.

6.1 Time plan

The work were planned to be carried out between the 31st of March to the 18th of
August. A coarse plan describing the whole time period is given in 6.1. The time plan
is then divided into an initiation 6.2 followed by three phases and at last the thesis work
is concluded by the finalisation. Phase I found in 6.3 gives an introduction to the field
through literature studies and research methods. A more detailed day-to-day plan of
Phase II is given in 6.4, since Phase II consists of the design process. Phase III given
in (6.5) will mainly be about documentation, the report you’re currently reading and
preparation for presentations.
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6.2 Initiation

The initiation consists of formalities, an introduction to the field by literature and the
writing of the Thesis Proposal. The initiation is concluded by presenting the proposal
at Volvo Buses where our company supervisor is inviting people who may be concerned
with the topic or are working within the field already. Already in the beginning of the
master work, we decided together with our supervisors at Volvo Buses to keep regularly
monthly based presentations for interested and involved parties, and between the sessions
have unofficial supervision meetings. The regular contact with the company gave a
constant design iteration toward improving our performance against what they wanted
and expected from us.

6.3 Phase I - The research phase

The research phase is about approaching the problem from multiple angles and to get to
know the users and stakeholders. This phase was driven by availability, i.e. identifying
and prioritising stakeholders was possible to do from the start. Since there is a market for
private electric cars, their warning signals was benchmarked. Silent buses are rarer but
alternative technology that’s silent as well are more common, trolleybuses for instance.
By doing the benchmark we had some ideas about what was conventionally used. Shifting
focus towards the users it was clear that the bus has two very different users - the bus
driver and the passenger. Starting with the driver, interviews were conducted. As
the drivers included in the Electricity project received training to drive the new electric
buses, we got the opportunity to talk to them in a safe manner while in the right element.
The interviews resulted in very much information about the vulnerable road users and
passengers. In order to see the public transportation system from their point of view
we decided to do field studies, it would also support the writing of use cases and user
scenarios. With all this information we were able to construct personas, which concluded
the research phase.

6.3.1 Defining the stakeholders

We needed to identify the parties involved. This was carried out by defining all the
stakeholders (described in 2.2). In connection to the development of stakeholders, we
were able to create an overall picture of the situation (explained in 2.1) and the environ-
ment which in these actors operate. First and foremost, it’s about people’s behaviour
in the common space, but also about public transport and infrastructure relating to it.
With this conclusion stakeholders were identified and a problem domain for the research
problem was defined. We landed on a local level, where the meeting between the VRU
and the electric bus took place, namely the platform. With a narrower focus, we could
now go ahead and formulate the research problem and question (defined in 1.1).
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6.3.2 Conducting a benchmarking

With an initial knowledge base on the topic, a benchmarking carried out to find out
what was already on the market. Electric buses in traffic is a fairly new topic, tests and
analyses on the subject are few. In order to get a reasonably accurate picture of the
situation we chose to include electric cars in the benchmark. A SWOT1 analysis was
used for the benchmarking process.

SWOT analysis

A general illustration is presented in Figure 6.7 which was used as a basic evaluation
where we went through a list of several electric vehicles to then write down all of the
weaknesses, strengths, threats and opportunities that we could identify. How we collected
the results are represented in Figure 6.8. The size of each box is dependent on amount
of identified strengths, weaknesses, opportunities and threats.

Figure 6.7: A general SWOT analysis in relationship to internal, external, positive and
negative factors.

1SWOT is an acronym based on the English words Strengths, Weaknesses, Opportunities and Threats

35



6.3. PHASE I - THE RESEARCH PHASE CHAPTER 6. THE DESIGN PROCESS

Figure 6.8: A selection of benchmarked electric vehicles in a SWOT analysis.

The main purpose of using a SWOT analysis was to create a domain knowledge in
the field of silent vehicles and at the same time get our own preferences in the subject
as this at the time was lacking.

6.3.3 Personas

Personas were created (read about what a persona is in 5.5) to define the target audi-
ence in an environment where such a mixed crowd moves resulted in a very abundance
regarding potential VRUs. However inclusive design was supported by carefully review
conceivable less common cases. This lead us to take initial contact with various orga-
nizations that work to promote various types of disability in everyday life situations.
Figure 6.9, 6.10 and 6.11 illustrate the three personas created and used during the first
two weeks of the project.
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Figure 6.9: Persona 01.

Figure 6.10: Persona 02.
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Figure 6.11: Persona 03.

The earlier benchmarking and the personas were discussed at a Volvo Buses presen-
tation. The benefit of easier communication wouldn’t really be helpful to us since the
pair of us can discuss different uses quite easily anyway, due to good communication.
We also serve a huge user group in this project where the personas lack effectiveness
to include them all into the design. Therefore the personas were dismissed and user
scenarios and use cases later implemented in its place.

The benchmark provided excellent domain knowledge and some of the ideas could
serve as inspiration to buses, however - the absolute majority of external warning signals
are associated with electrical cars, not buses.

6.3.4 Interviews

Early interviews and observations carried out as a result of close supervision with our
Volvo Buses representatives. This was in form of an opportunity to spend a whole day
with Keolis bus drivers as they took part in a educational training of how to drive the
new electric bus. We also got the opportunity to meet with auditory and visual experts
at Volvo AB.

Bus drivers of electric buses

The interviews with bus drivers took place during an instructional day for aspiring
drivers of electric buses. Therefore, the study needed to be flexible so as not to disrupt
operations more than necessary. We took advantage of the time and conducted interviews
both during, between and after the training sessions. At their disposal, they had a all-
electric bus and two electric hybrid buses. Two drivers took turns driving in each bus.
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This create an opportunity to interview the non-driver while waiting for his turn. A
total of 8 bus drivers were included in the study.

Prepared questions can be found in detail in the appendix as well as transcription of
all interviews. The questions asked did not always follow the script due to unstructured
environment moving between different buses. New questions where created on the fly
and occasionally an interview was interrupted do to time limitations. A summary of the
interviews follows below:

• The interviews reveals that the horn is not used in many situations. Drivers often
feel like it is too loud and sometimes arouses more attention than necessary, with
the result that VRUs are frightened.

• Sometimes you want to enlighten pedestrians of a bus approaching, standing still
or just inform about the status of the bus.

• Another common problem that arose was that the side mirrors not being noticed
by pedestrians walking too close to the platform while they do not notice the
bus’s side mirror when the bus arrives. The driver has no good solution to inform
pedestrians that they are in the way, walking to close to the platform.

• With a lot of people in front of the bus, it is difficult for the driver to get around.
People move in clusters in traffic resulting the driver to wait. The driver wants to
signal that ”now I want to go.”

• Another problem that was observed is vulnerable cyclists. The cyclist is exposed
to danger when the bike lane and bus lane merges. The driver wants his intentions
to appear better for the cyclist to take better decisions.

• A general impression from our interviews is that drivers think that some VRUs to
be careless in traffic and see the bus as a harmless object. (Read more about how
we conducted the interviews in 6.3.4.)

By releasing us on and off the bus while in training, the drivers helped us to implement
observations of the bus exterior and signals.

People with disabilities in traffic situations

Although we see the silent vehicles as a new incoming problems, this is something that
some people in our society have lived with all their lives. The goal was to examine
function varied peoples way of travel in city traffic. We wanted to know if they have
any traffic aids, or any other comments that could be considered. As our solutions to
the problem would also potentially concern visuals on the exterior of the bus, we wanted
to reach out to the visually impaired as well. Several interviews where scheduled. We
attended meetings with members of Swedish Association of the Hearing Impaired (HRF),
representatives from The Association of the Swedish Deaf Blind (FSDB) and Swedish
Association of the Visually Impaired (SRF). This contact lead to two interviews and one
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group discussion. At HRF we were invited to one of their meetings where we got 1 hour
disposal to ask questions and sustain a discussion. With FSDB and SRF, we got to meet
a representative each to carry qualitative interviews. The first interview was with Berit
Jildenhed from FSDB and the second one with Erik Johansson Lönnroth from SRF. The
group discussion was at HRF at one of their meetings. Thoughtful design may improve
a visually impaired person’s environment. A summary from all the interviews follows
below:

• Swing doors on the bus allows for easy access compared to pulling up the door
yourself however, it is easy to become trapped, which have happened to many
of the people we interviewed. It is therefore very important with automatic stop
positions on the doors when something is in between.

• Placement of signs and information boards should be placed at eye level. Visually
impaired people often see very poorly from afar. Strong and good lighting of signs
is also important.

• Light from above is better than a light around the sign or from the front as it
can dazzle the sighted. If it is about moving warnings, these should always be
supplemented with speech.

• Lighting can help to mark special places and objects that are important, such as
information boards, bus stops and doors.

• It is important to work with contrasts in the design work. If the floor and walls
are painted in colours with poor contrast, it may be difficult to perceive the size
and localisation of the room. Colour combinations are also recommended to avoid
since many visually impaired find it difficult to distinguish them from each other.

• Large surfaces is easier to detect, preferably use long and large areas for warning
signs or warning lights.

6.3.5 Field observations

In order to figure out what passengers intended we observed them in the field. The
observations of the drivers gave us an idea of the profession and what pressure drivers
are exposed to in traffic. On several occasions, pedestrians walked out right in front of
the bus without looking. We determined that it was time to look into the pedestrians
point of view by carry out a city traffic observation at the platforms (read about how
we conducted the observation in 5.3). The main priority was to observe ordinary people
in their interaction with the bus at and around the platform. By doing this we defined
typical situations in which traffic danger was a fact.

Observation of the bus platform took place at various stops around the city, one of
the places we spent most of time was at Hjalmar Brantingsplatsen, Hisingen. The stop
is built so that buses, trams, pedestrians and cyclists meet each other without any clear
structure on the road safety. We also observed at Brunnsparken and Kungsportsplatsen.
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The length of the observations varied within the time span of 30 - 60 minutes. After
only 10 minutes on the platform several causes where people crossed just in front of a
bus which was about to leave the bus stop and possible traffic hazard could occur. The
bus driver is often forced to slow down for pedestrians who neither seek eye contact or
look around before crossing the road.

Sound evaluation

By contacting Lars-Ola Blig̊ard, a researcher within the design and human factors, Prod-
uct and Production Development at Chalmers University of Technology, we got the
chance to partake in two sound tests he conducted at Volvo Buses behalf. The first test
was a test on a electric car with externally mounted speakers. The second test was on
a hybrid bus that was taken from service on route 60 for the test. A speaker was stored
in the front of the hybrid bus, while a Mobileye2 was used as a trigger. By uploading
the sound through a Raspberry Pi the concealed speaker played the sound whenever the
Mobileye detected movement in front of the bus. The sound were evaluated through
observation when the bus approached a man-sized mannequin, see 6.12.

Figure 6.12: The sound test, consisting of the mannequin, the bus driver Claes Tornevall
and the evaluators from left to right: Ida, Lars-Ola, Kim and Jonas.

2http://mobileye.com/en-en/
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6.3.6 Expert interviews

To obtain a more technical knowledge about auditory and visual design, our supervisors
from Volvo Buses organised meetings with experts in each area internally by Volvo Buses.
We got an opportunity to met Dennis Saluäär from Volvo Group Advanced Technology
and Research who contributed with visual signal knowledge and presentation of imagined
solutions and Pontus Larsson(also one of our main supervisors), Sound designer from
Volvo Group Advanced Technology and Research helped us with getting to know Pure
Data and introduced us to how to create warning sounds accordingly to frequencies and
decibels.

User scenarios

Specific user scenarios were created as a basis for discussion in the workshop session,
Figure 6.13 display the collection, however they are available as PDF’s here or could
be found in the appendix D.1. They describe specific situations found through field
observation and interviews with bus drivers and VRUs. The locations included in the
study where restricted to:

• Kungsportsplatsen

• Brunnsparken

• Hjalmar Brantingsplatsen

The chosen locations for observations and photography3 were based on the mentioned
interviews but also due to diversity in crowd, VRUs, transportation and location. In
D.1 our initial 12 scenarios are described.

3The photography was in accordance with 4.3

42

http://bergskarlen.nu/thesis_page.html#documents


6.3. PHASE I - THE RESEARCH PHASE CHAPTER 6. THE DESIGN PROCESS

Figure 6.13: A collection of our 6 user scenarios

Use cases

Having observed and interviewed bus drivers and VRUs at different locations numerous
use cases could be identified. In combination with knowledge from our user scenarios and
field observations, use cases where identified and two sub categories created, displayed
in Figure 6.14.
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Figure 6.14: Illustrate how use cases arose from user scenarios that emerged from the three
main locations studied.

Platform procedures

The platform procedure seen in Figure 6.15, consist of the steps the bus undergo while
being on the platform. By highlighting these steps the interaction and design of exterior
warning signals can be introduced to specific use cases. The platform procedures is
described in detail below:

• Constant: The constant parameter aims at the continuous sound of the electric,
silent bus. If a potential legislation comes in, it is a priority to create a continuous
sound for the silent buses. The constant sound is supposed to operate in speed
below 18km/h bringing attention to the VRU.

• Deceleration: The sound of deceleration is intended to come either as a continua-
tion of the constant sound when the bus arrives at the bus stop as an additional
indication and increase of warning to that bus arrives.

• Stop: Indicates that the bus is no longer moving.

• Open: Indication that door is open/opening, short process.
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• Close: Indication that door is close/closing, short process.

• Start: Short indication that the bus is about to start moving.

• Acceleration: Similar to deceleration, the sound of acceleration is intended to come
either as a continuation of the constant sound when the bus arrives at the bus stop
as an additional indication and increase of warning to that bus arrives.

Figure 6.15: Use Case - Platform Procedure

Events

The second category events, origin from uses cases result in three events taking place
illustrated in Figure 6.16.

• Danger: In the form of the bus’s original horn, this is not likely to be replaced
when it comes to security. It is a well known signal that many know.

• Attention: Aim at symbolising a kind honking that you can use to get people’s
attention in less important situations, such as to get people to notice that they
soon will be in the way or for telling them that the bus arrives from behind.

• Arbitrary: The arbitrary signal provide more information to the road user. Users
learn a behaviour by spend time in traffic situations and thereby get access to more
information when noticing the arbitrary signals. Users who do not understand or
want this arbitrary signal will not be disturbed by lot of unnecessary clutter, but
will still be warned if needed.
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Figure 6.16: Use Case - Events

6.4 Phase II - The design phase

The design phase consists of an iterative process where each iteration contains three
parts: divergence, transformation and convergence. While the divergence phase con-
tains idea-generation and new thinking the transformation phase is about improving or
combining existing ideas. The convergence phase is about evaluation or testing of ideas,
concepts or prototypes. The result from the convergence phase goes straight into the
following iteration. This process is repeated until a satisfactory result is obtained.

6.4.1 Iteration 1

The first iteration started with several brainstorming sessions. Sketches was produced
of visual warnings illustrated in Figure 6.17, and sounds where identified from audio
databases. It became clear that discussion of sounds unrelated to situations was hard,
if not pointless. It was also very hard to evaluate sounds. As the environment of
public transportation is available for everyone we figured that a workshop could be very
rewarding leading the process forward. After all, everyone has insights and opinions
about the public transportation. We sent out invites to a workshop where the invitees
were designers. We had the opportunity to borrow a directional loud speakers to see the
possibilities of this. We also got Little Bits to prototype own audio warning examples.

Divergence

The brainstorming consisted of several sessions. With the help of pen and paper sketched
ideas were created and presented in one of the session. These were discussed and de-
veloped to new ideas and thoughts. An 1 hour session led to around 30 simple sketches
of various design proposals to take forward in the process. The resulted sketches were
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predominantly of visual warning designs which in the second session lead to brainstorm
through a digital sound database to pick out relevant sounds, unrelated to situations but
to personas.

Figure 6.17: A collection of initial sketches during the first iteration in the design phase.

Transformation

In the transformation phase the ambition was to create some audio of our own built
upon previous collected audio. We got in contact with Interactive Institute and got to
borrow a simple digital instrument kit Little Bits, enabling exploration and creation of
audio signals.

Convergence

The user scenarios were tied to locations mentioned in the interviews with the bus drivers.
Amongst the many that were mentioned we selected different types, in order to capture
as many different scenarios as possible. We merged several personas, since having an
auditive deficit persona and an avid headphone user was superfluous.

A presentation where held at Volvo Buses showing our visual sketches and audio
prototypes. Received feedback was documented and taken into the next iteration.
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6.4.2 Iteration 2

From previous iteration about 15 sounds and 30 sketches where made. For this itera-
tion the focus was to test our sounds and explore new possibilities. A workshop with
interaction design students was held which gave us few new ideas, but confirming some
previous ideas we had. We also tested the SAM-scale for the first time and learned how
to use it and how to not.

Divergence

In order to broaden our own ideas and possibly come up with new, the workshops were
held. The workshop consisted of a total of three block where each block consisted of
two halves. Part one was about the 6 Thinking Hats while the other part was about
evaluating sounds with the SAM-scale. You can read about 6 Thinking Hats in 5.8 and
the SAM-scale in 3.3.1.

Figure 6.18: Handmade hats with accompanying role as tools for workshop participants.

By involving 18 interaction design students from our institution, we were able to
verify theories that have come up to that point as well as ensure nothing had been
overlooked. The interaction designers where all accustomed to being exposed to tests,
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they where aware of the task and did not seem frightened by the otherwise fairly identified
situation. They where also accustomed to use design methods and a majority of the
participants had used the method or heard about i before.

Transformation

Holding workshops in combination with our earlier ideas lead to discussions and develop-
ment of several design concepts. We wanted to make sense of the big amount of sounds
we had by categorising them into specific concepts. This was based one opinions brought
up during the first half of the workshop.

Convergence

The evaluated sounds from the workshop and the new created sounds were compiled
and analysed. We realised some issues with the SAM-scale evaluation using its two main
dimensions, valence and arousal. The third dimension dominance was removed as it
overlapped the arousal dimension (read more about why this is often done in 3.3.1). We
translated the valence scale running from sad to joyful and arousal scale running from
calm to active. Both scales used 7 steps each where the middle was counted as neutral.
Through the use of a visual measurement method, we were able to avoid unnecessary
misunderstandings or misinterpretations that often appears using verbal measurement
tools. This also contributed understandable symbols representing faces with different
expressions to easier the subjects evaluations of the sound. However we failed with the
score sheet not making them simple and clear which in some cases confused testers.
Some conclusions from the workshop could be drawn:

• Scoring sound: A sound will receive higher valence if the previous sound was
considered awful.

• Reference sound: The first sound is hard to evaluate and rarely receive the highest
or lowest score.

• Order of sound: The testers are concerned of the order and want to adjust their
answers relatively.

• Bad score sheet: The SAM-scale should be provided so that the tester points or
marks the corresponding mannequin. Denoting answers with numbers where the
number translates to a mannequin will not do.

• Naming: The sounds should be given ambiguous names.

We found out that many of the people in our studies, including the workshop participants
argued from two polarised viewpoints.

1. It’s every VRUs duty as a member of traffic to look out and follow the traffic rule.
Hence, it’s their own fault if they are careless. Efforts to implement warning signals
should be discouraged if they would cause discomfort for others in traffic.
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2. The other group argued for the sanctity of every life and that every possible action
to prevent it were worth it.

The workshop gave us few new ideas, we mostly rediscovered old ideas we’ve had. It
would’ve also been better to assign hats to designers that suited that particular role.
Having participants trying to be creative when they clearly are better at judging is bad
for the whole workshop, even though moderation helps it’s hard to change character.
After discussion with representatives from Volvo Buses, the lack of reproducibility and
manipulation of the prototyped sounds requires another instrument for sound making.
Pure Data was recommended and will be considered in next iteration.

6.4.3 Iteration 3

Iteration 3, resulted in the creation of our 3 design concept eco, care and express. These
video prototypes for this can be seen in full on our thesis page http://bergskarlen.

nu/thesis_page.html#prototypes.

Divergence

As a complement some of the audio where created using the visual programming language
Pure Data, however this way of creating audio did not leave much room for creation in
our point of view, due to focus on programming and strict frames. Instead GarageBand
was used and sounds where immediately produced.

Following up on the two polarised standpoints who were observed during the previous
workshop we decided to make two different concepts based on these standpoints. The
first opinion of every VRUs duty as a member of traffic was translated into a concept
named ”Eco”. It focus more one the electric bus brand and to shape by nature. The bus
should stand in the background not interfering with its design, rather opposite.

Transformation

When the concept started to take shape, we began to map our sound to them. We also
decided to make some new sounds and swap them out, i.e. many were similar (see Figure
6.19, and we wanted diversity.
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Figure 6.19: Concept - All

Convergence

After the presentation at Volvo Buses we received feedback that our concept was weak.
It was not obvious by the concept names what they meant. A a lack of certain audio
cues, weakness of concepts and liking of the individual sounds who were received well.
Listening to the feedback we simply decided to design the lacking audio cues. Concerning
the concepts who was perceived as arbitrary, we concluded that even though the process
of creating them were specific and coherent the result was not.

6.4.4 Iteration 4

The feedback from previous iteration changed our point of view and led us away from
concepts to focus more on individual sounds and then combine them to a coherent set of
sounds. The previous idea was to come up with a concept based on research and make
matching sound sets to the concept, which was great for the creative process but not for
the result.
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Divergence

Sound design of start and stop procedure was carried out. Additional deceleration and
acceleration cues was made as well and the original pair was bolstered with increased
volume. While the start and stop sound signatures were designed from scratch the
acceleration and deceleration pair were designed to fit one of the given constant sounds.

Transformation

The acceleration and deceleration sounds were superposed onto the the constant sound
in order to have a smooth transition, as this behaviour signal a increase or decrease of
a current property (increase or decrease of speed) rather than a change of state (drive
versus stop). To emphasise a change in speed we considered an increased frequency or
a temporal change to be effective. When changing states, i.e. stopping or starting we
turned into a completely different direction. We believe a state change is signalled best
by a sound that’s vastly different from the other states. The easiest way to differentiate
start and stop sounds from the other sounds were to invert the tempo, making signals
with two tones at most. We used sounds similar to notification sounds since it has a
well-known social meaning.

Convergence

A audio test was conducted in order to emotionally assess individual audio cues. Again,
video prototypes provided the necessary context. The video consisted of seven situations
consisting of at least three new sounds each. In total we tested 25 unique sounds. The test
was carried out by reading a short introduction about us, what the test was about and
what tasks we needed help with. After the tester signed a consent form and answered a
few questions about themselves the test was carried out using the SAM-scale. The tester
was shown a clip of the bus in a situation, when the clip ended the tester marked down
his or her answer by assigning a post-it note to the mannequin 6.20 from the SAM-scale
best depicting their feeling. When the testers answer was recorded by the test conductor
the next clip was shown and scored until all the clips for that situation were scored.
When all the clips depicting a situation were scored the tester was questioned about the
meaning of the signal. When the answer was given the procedure was repeated until all
clips for the seven situations were scored. The scores that were later elected for the final
concept are shown below while results of excluded sounds are found in Appendix A.4.
How the selection were made is found next, in the section 7.3.2.
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Figure 6.20: A board of the manikin scale was distributed to the testers as a tool for easier
judgement.

By performing a test we obtained a score for each sound in terms of two SAM-
scale parameters, namely arousal (summarised in A.1) and valence (summarised in table
A.2). The guidelines from (Patterson and Authority, 1982) was used to infer results
from the test. According to the guidelines, each situation is assigned a level of urgency
in a urgency mapping. This level of urgency is associated with a suitable score for the
Arousal parameter. Following the line of thinking explained in section 2.1.1 the ranking
is given in Table 6.1.

6.5 Phase III - Documentation

The final phase has involved a lot of documentation, which has been necessary in or-
der to condense our design and finding in order for the results to be usable for other
researchers of Volvo Buses. A digital reference has created for collection of audio and
video prototypes. Interviews and results has been compiled and transcribed for the
Appendix.

A final presentation was held at Volvo Buses in August 28 with good results. They
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Rank of Urgency Situation Desired Arousal

1 I, Warning 5

2 H, Attention 5

3 AB, Deceleration 4

4 F, Start 3

5 AG, Acceleration 3

6 C, Stop 3

7 A, Constant 2

8 DE, Open/close doors 1

Table 6.1: The rank of urgency associated with the situations and the expected degree of
arousal related to it.

were satisfied with our work, and plan to take the sounds further for future testing in a
safe but more real environment.
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7
Results

T
he result is a Pattern-Event-Pattern model for warning signal design followed
by four concepts that utilised the PEP-model. Within the concept there’s
four video prototypes depicting when and how audio warning signals are is-
sued. Only three of the concept uses motion tracking in order to showcase how

the visual warning signals could appear. All concepts includes visual warning signals,
described by sketches.

7.1 Pattern-Event-Pattern model

The PEP-model provided consists of a repeating Pattern or procedure which is inter-
rupted by events but then returns to the Pattern. The purpose of the PEP-model is to
emphasis the different design aspects for Pattern or Event. Notably, part of the problem
today is the big gap between Pattern and Event as bus drivers refrain from using the
warning signal. This gap is due to today’s tacit Pattern which makes it discrete in rela-
tion to the harsh but necessary horn. The main benefit in our studies is the expansion
of Events, allowing the drivers to issue warnings of lower degrees. The benefit is that
the discrete scale of danger communicated is finer, while the drawback is that a finer
level of danger needs to be communicated.
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Figure 7.1: The Pattern-Event-Pattern model. The Pattern consists of parts A,B,C and
D. The Event consists of three different events, named accordingly. The Pattern part A is
interrupted by Event 3, while events at the parts B, C and D weren’t triggered

7.1.1 Pattern

The Pattern is a walk through the applications standard behaviour or procedure. Each
part of the pattern should be distinguishable from another part. By designing warn-
ing signals for every part of the Pattern the application will be cluttered with signals,
this is undesirable why comparison, evaluation and elimination is needed. The Pattern
constructed in this thesis is based on the platform procedure 6.15. Since the Pattern
is repeated frequently it has requirements concerning comfort, valence and health. The
warning signals that are associated with the Pattern has the objective to change the long
term behaviour of the VRU through interaction between the driver and the VRU.
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7.1.2 Events

The Events are occurrences with unpredictable timing, they often breaks the pattern
or disrupts the ordinary flow of the application. The Events in this thesis 6.16 comes
from disruptions in the traffic situation. A typical event would be a VRU being in front
of a moving bus, which demands the issue of an warning signal. This warning signal
should be different to the Pattern signals, why it’s allowed to break coherency, aiming
for maximum attention. It’s the events objective to announce an impending accident so
that the VRU has the chance to evade it.

7.1.3 Separation between Pattern and Event

Some events could be described as part of the Pattern and some parts of the Pattern
could be described as events. This is exemplified by the open and close doors which could
be regarded as an event rather than a part of the Pattern. Since the vast majority of all
platform procedures includes door openings we consider it to be a part of the Pattern.
After all, it’s the purpose of the bus to transport people.

7.2 Three concepts

Three concepts where elaborated from the basis of our main stakeholders and the . The
first is based on the viewpoint that silent buses aren’t dangerous, why the warning signals
should be focused on branding and creating a coherent experience. The second is based
on the belief that every life is sacred and taking every measure to save it is worth it,
probably on the expense of sensory load. The third is all about the interaction between
the VRU and the bus driver, mainly by giving the driver more ways of expressing her-
or himself.

7.2.1 Eco

With the Eco concept follow some finalized sketches. Picture 7.2 shows how the warning
lights around the door could behave from an eco perspective. By placing a light list
inside the door, this could be used as a progress bar of how much the door is open or
closed. Our interviews with visually impaired people revealed that large portions of light
at eye level makes the visibility significantly better and the opportunity for everyone to
see information increases. More sketches of the Eco concept can be found in Appendix
E.1.
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Figure 7.2: Sketches of the concept Eco

7.2.2 Care

The other opinion argued for the sanctity of every life. The concept based on this opinion
is ”Care”. The bus in this concept aim at babysitting the road user and prevent every
possible accident or danger. As with sketches of the Eco concept long trail of light is
used. Two vertical light bars indicates how much the door is open and will prevent
people getting squeezed in the door. This is presented in Figure 7.3. Another light
concept concerned the side mirrors, highlighting it with bright colour and sound to get
attention when needed. Also an idea was to highlight parts of or the whole front to
enlighten and inform the road users. These sketches can be found in Appendix E.2.

Figure 7.3: Sketches of the concept Care

7.2.3 Express

A third concept was created with the arbitrary event in mind, named ”Express” By
enabling information onto the bus we wanted to make it possible for the bus to express
its actions like feelings. The road user can learn the behaviour of the bus after being
located in the city traffic environment. Sketches 7.4 and 7.5 illustrate the count down
of the warning signal for the doors on the electrical bus concerning the express concept.
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Another idea was to use the arbitrary traffic light for crossing the road. By putting the
green and red man on the side mirrors, the driver could express his intentions and the
road user get an indication of the situation. These sketches can be found in Appendix
E.3. We also had a wilder idea in mind, which is based on an artefact designed for the
bus driver. When the bus driver squeezed the artefact she or he issued a warning sign but
depending on how pressure was applied, the sound would be different. By manipulating
the sound themselves they could create an arbitrary language to be interpreted by VRU,
passengers and even other bus drivers. Having a squeezable artefact serves two purposes,
the first is that it could utilise muscle memory which is important since it adds less
to the drivers cognitive load. The second purpose is the similarity or association to
stress relief. By connecting a stress relieving hand motion to a calming sound the VRU
could notice the bus drivers emotional state. This idea is well beyond the scope of
this thesis as it requires a thorough investigation of the feasibility of using such an
artefact. Arbitrary signals are probably legally constrained and the cognitive load would
be increased. Complex social dynamics would also be a probable result of such an
artefact.

Figure 7.4: Sketches of the concept Express, state 1

Figure 7.5: Sketches of the concept Express, state 2
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7.3 Exterior Warning and Attention Signal

Exterior Warning and Attention Signal or EWAS, is the concept from the final iteration.
It’s presented through a video prototype which is found under heading ”Final Concepts”
http://bergskarlen.nu/thesis_page.html#prototypes.

7.3.1 Visual warning signal

The temporal property of the visual warning was investigated. A anthropomorphic
behaviour was given by pulsating lights, simulating heartbeats. The signal is contained to
the platform, as legal issues arises with pulsating lights outside the platform environment.
A demonstration of the temporal properties is given here: http://bergskarlen.nu/

thesis_page.html#sketches. The platform state is described by 7.6 and 7.7, while the
door state is shown in 7.8. The colour change indicates a change in state, as the bus is
safe to embark when yellow.

Figure 7.6: Sketches of the concept EWAS, platform state
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Figure 7.7: Sketches of the concept EWAS, platform state

Figure 7.8: Sketches of the concept EWAS, door state

7.3.2 Selection of sounds

By reviewing the results from the audio test 6.4.4 a selection of sounds was made to
fit each situations urgency rank. A preference was made towards sounds with higher
valence in order to create a positive response, which is good for marketing but arguably
not as good interaction design, as user experience might be enriched by using negative
emotions (Fokkinga and Desmet, 2013). This topic is expanded in 8. The selection
is founded in the data results of the audio test. The data is given as a table of the
current test case accompanied by a scatter plot of the selected sound with two sub
plots that summarizes all other sounds. A guide how to read box plots is given here:
https://plot.ly/box-plot/, please note that uniform data will be presented as a line
as quartiles coincides with the median. All the scatter plots are found on the homepage.
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Chosen Urgency Desired Meas. avg. Meas. avg.

Situation Sound Rank Arousal Arousal Valence

Platform procedures

A, Constant Sound 3 7 2 2.33 3.28

AB, Deceleration Sound 1 3 4 3.39 3.06

C, Stop Sound 4 6 3 2.94 3.39

DE, Open/close doors Sound 4 8 1 2.44 2.56

F, Start Sound 3 4 3 3.00 3.50

AG, Acceleration Sound 2 5 3 4.00 2.11

Events

H, Attention Sound 3 2 5 2.33 3.00

I, Warning − 1 5 − −

Table 7.1: The rank of urgency associated with the situations and the expected degree
of arousal related to it. Note that Event I, Warning isn’t evaluated due to being the horn
currently used in traffic.

Result of test case A - Constant

Sound 1 and sound 3 received similar score while sound 2 scored low in valence and
high in arousal. As the urgency mapping associated with this sound is low, a high score
in arousal eliminates the sound. Notably Sound 2 was preferred by Volvo Buses sound
expert Pontus Larsson who points out that its high frequency enables an easier technical
implementation. This fits with our findings, high frequency sounds tends to be annoying
but usually cuts through background noise better than low frequency sounds. As sound
3 has a more continuous character compared to Sound 1, it makes a more coherent choice
for a sound describing continuous motion. We think that sound 3 is better, even though
the arousal of sound 1 is closer to the desired arousal 2. We believe the slight difference,
only 0.28 for sound 1 and 0.33 for sound 3, is less important compared to the coherence
that sound 3 provides. More serious is the significant spread in arousal shown in Figure
7.9b. We still believe that Sound 3 is better due to coherency though.
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Test Case A - constant sound

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (2, 5) (1, 3) 3.11 1.72 0.93 0.33

Sound 2 (1, 3) (2, 5) 1.78 3.78 0.65 0.54

Sound 3 (2, 5) (1, 5) 3.28 2.33 0.80 1.18

Table 7.2: The valence and arousal score for the constant sounds in terms of extremes,
mean and variance.
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(a) Shows a scatter plot of Sound 3 for test case A. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.9: The test answers for case A. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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Result of Test Case AB - Deceleration

Sound 1 and sound 3 scores within range of the desired arousal, while sound 2 is discarded
despite being having the best valence score. More important than the average score in
arousal is the spread, why we select sound 1. The spread of sound 3 is shown in Figure
7.10b and has a huge diversity comparing to sound 1. Note that the valence score for
Sound 2 and Sound 1 were so uniformly distributed that the box plot was reduced to a
dash. When selecting this sound we pay attention to which sound was selected in the
previous test case. It’s important that signals with different meaning are significantly
different from each other. Hence the pair of sound 3 from Test Case AB and sound 1
from Test Case A would match, since they are continuous and rhythmic. The pair of
sound 1 from Test Case AB and sound 3 from Test Case A would also match well, since
they are rhythmic and continuous.

Test Case AB - deceleration

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (2, 5) (1, 5) 3.06 3.39 0.53 0.72

Sound 2 (2, 5) (1, 4) 3.83 2.61 0.38 1.08

Sound 3 (1, 5) (1, 5) 2.11 4.00 1.16 1.29

Table 7.3: The valence and arousal score for the deceleration sounds in terms of extremes,
mean and variance.
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(a) Shows a scatter plot of Sound 1 for test case AB. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.10: The test answers for case AB. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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Result of Test Case C - Stop

All sounds where close to the desired arousal of 3. Sound 3 has rather low valence
compared to sound 1 and sound 2, why it is cut out. We agree with the sound not fitting
the situation. Sound 1 had the highest valence of 4.17 along with the highest arousal
3.50. However sound 1 exceeds the arousal in the selected sound from Test Case AB,
which result in unwanted urgency mapping order. We as designers believe 1 might have
gotten a to high arousal score, maybe caused by the context it appeared in. However
since sound 1 and sound 2 both are good choices we decided to select sound 2 for winning
sound, Test Case C. Sound 2 has an arousal of 2.94 which makes a match for desired
arousal along with a high valence of 3.39. Also looking closer at the plot of arousal for
sound 2, the span of responses is narrow (2-4) which points at an almost unambiguous
result, meaning most testers thought that sound 2 was a good choice.

Test Case C - stop

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (2, 5) (1, 5) 4.17 3.50 0.85 0.16

Sound 2 (2, 5) (2, 4) 3.39 2.94 0.96 -0.99

Sound 3 (1, 4) (1, 4) 2.33 2.78 0.59 -0.30

Table 7.4: The valence and arousal score for the stop sounds in terms of extremes, mean
and variance.
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(a) Shows a scatter plot of Sound 2 for test case C. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.11: The test answers for case C. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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Result of Test Case DE - Open/close

Desired arousal was set to 1. Neither of the tested sound fulfil this but notably was
sound 4 which received the lowest arousal. This is notably since we designed that sound
especially to mimic the mechanical sounds issued by existing bus doors. The reason being
that the existing mechanical door sounds does a great job at explaining the door state,
e.g. the unlocking sounds actually relates to the hatches which unlocks the door. The
problem with mechanical sounds is that they are naturally reactive which is discussed
in 8.4.8.

Test Case DE - open/close

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (3, 5) (1, 5) 3.89 3.44 0.58 0.97

Sound 2 (3, 5) (1, 5) 3.83 3.33 0.62 0.94

Sound 3 (1, 5) (2, 5) 2.28 3.28 0.80 1.15

Sound 4 (1, 4) (1, 4) 2.56 2.44 0.61 0.97

Sound 5 (2, 5) (2, 5) 3.83 3.22 0.62 0.89

Table 7.5: The valence and arousal score for the open/close sounds in terms of extremes,
mean and variance.
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(a) Shows a scatter plot of Sound 4 for test case DE. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.12: The test answers for case DE. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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Result of Test Case F - Start

Sound 2, sound 3 and sound 4 was eligible due to the desire arousal. Sound 1 was
discarded due to an immense spread and general low arousal. A closer look at the plot
7.13b reveals majority of the tester selected desired arousal 3 for sound 4, this shows
as a simple line, meaning none or low spread. Even though sound 2 and sound 3 have
higher valence score than sound 4, we believe sound 4 to concise of a more narrow span
which is more desirable.

Test Case F - start

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (1, 5) (1, 4) 3.22 2.22 1.12 0.54

Sound 2 (2, 5) (2, 5) 3.72 3.28 0.68 0.80

Sound 3 (1, 5) (2, 5) 2.94 3.33 1.58 0.82

Sound 4 (1, 5) (1, 5) 3.50 3.00 0.97 0.71

Table 7.6: The valence and arousal score for the start sounds in terms of extremes, mean
and variance.
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(a) Shows a scatter plot of Sound 4 for test case F. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.13: The test answers for case F. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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Result of Test Case AG - Acceleration

Both sound 1 and sound 3 scored to high arousal. Desired arousal was set to 3 and as
argued earlier selected sound for Test Case AB scored 3.39 of an desired arousal of 4.
We aim to not change the urgency ranking and therefore select sound 2 with a more
suiting arousal level even though it falls below desired arousal.

Test Case AG - acceleration

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (2, 5) (1, 5) 3.06 3.39 0.53 0.72

Sound 2 (2, 5) (1, 4) 3.83 2.61 0.38 1.08

Sound 3 (1, 5) (1, 5) 2.11 4.00 1.16 1.29

Table 7.7: The valence and arousal score for the acceleration sounds in terms of extremes,
mean and variance.
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(a) Shows a scatter plot of Sound 3 for test case AG. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.14: The test answers for case AG. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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Result of Test Case H - Attention

All sounds scored relatively low in arousal. However sound 1 differed some in all cate-
gories and was received very well at our presentation at Volvo Buses.

Test Case H - attention

Observations
Min/max Mean Variance

n = 18 Valence Arousal Valence Arousal Valence Arousal

Sound 1 (2, 5) (3, 5) 3.00 4.06 0.82 0.53

Sound 2 (1, 5) (1, 5) 2.44 3.11 1.56 0.81

Sound 3 (2, 5) (2, 5) 3.44 3.67 0.61 0.71

Sound 4 (1, 5) (3, 5) 3.44 3.78 1.56 0.54

Table 7.8: The valence and arousal score for the attention sounds in terms of extremes,
mean and variance.
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(a) Shows a scatter plot of Sound 1 for test case H. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure 7.15: The test answers for case H. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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8
Discussion

T
his chapter will review our main research question along with its two sub
questions stated in the beginning of this master thesis. The statements are
grounded in the research and design work, complemented by the results from
previous chapter. Further we evaluate some design insights and look in to

further work that could follow up this project.

8.1 Introduction

Many alternatives come to mind designing warning signals. During this project several
suggestions have been made involving using loud speakers using voice messages or differ-
ent kinds of signals that adjust volume to suit a situation of how to bring attention to the
road users. We initially adopted many of these suggestions to try them out. As described
in the design process 6.4.1 we borrowed a directional loudspeaker, however when testing
we realised that this was not in line with the message that the drivers wanted to share.
Unwanted attention is brought onto the VRU from the driver. Voice message could have
been a good solution thinking about visual and hearing impaired people, since it brings
a higher attention to a situation and brings information of what is going on. However as
the project continued and along with visual and auditory theory about warning signals
we believe that less is sometimes more. By simplicity we can put attention on what is
really necessary, also using voice brings up a discussion about language barriers. Further
we aimed at creating smart sounds and lights that could measure volume and light in the
city surrounding and adjust warning signals accordingly. However we did not apply this
technical feature in our thesis due to limitations such as technical expertise and human
centred design focus instead, but we highly believe that it should be implemented that
way. To motivate further we as interaction designers came into the project to leave the
technical aspects for the audio design team within Volvo Buses and put our human focus
in centre.
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8.2 The main research question

How can exterior warning signals for silent buses be de-
signed, in order for them to be effective yet comfortable?

Designing a warning signal include many factors often overlooked. We highlight two
main factors to keep in mind while designing exterior warning signals for silent buses to
be both effective and comfortable. The first factor indicates the importance of having
a situation in mind when designing. In our master thesis, we developed user scenarios
to map the interaction between the bus and the VRU. Important requirements were
identified and the design process was shaped by them. Furthermore, use cases were
developed to create a clearer exterior interaction from the bus. It consisted of two parts,
the platform procedure and the events. Shortly the platform procedure identified and
described the behaviour of the bus at a platform and how warnings could play a role in
that situation. Events touched upon what type of warning suited in different situations.

The second factor is about testing the warning signals with a context, preferably in
reality. Understanding the importance of iterations, to improve and innovate the product
as new tests yields new results. The results further show the importance of testing the
warning signals in a situation that allows context, due to the background noise of city
traffic that either suffocate or emphasize a sound or a warning in an irregular way that
is difficult to reproduce in a lab environment. While it’s preferred to test in the real
world it’s important to not expose people to danger in the process. By creating rapid
prototypes and quickly get out into a safe and natural environment, progress can be
made and the short quick iterations can produce good results.

8.2.1 PEP-model

The PEP-model described in 7.1 doesn’t investigate events occurring in between parts
in the Pattern. It’s hard to define the transitions between some parts, e.g. deceleration
and stop in the platform procedure. This difficulty indicates that a individual warning
signal for the two parts of the pattern might be unnecessary, which was the case for
deceleration and stop as the warning signal for stop was discarded. Another transition
that was tricky to differentiate were constant and deceleration, but here we kept the two
warning signals, part due to legislation forcing us to keep the constant sound.

8.2.2 Designed prototypes

From the final convergence phase 6.4.4 in the design process we obtained a final concept
presented in the result chapter7. This concept is shown through a video prototype
and accompanied with functional sketches. The final video prototype can be found at
https://vimeo.com/137401990 however a password is required 1

1Email idajaehie@gmail.com for access to the videos.
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By reviewing the concept we decided to cut some sounds. Firstly the door sound
should be replaced by a mechanical sound, the sound we designed (we designed such a
sound as reference) is usable but the real sound is probably enough and provides the
benefit of being related to its own movement. Having paired sounds like acceleration
and deceleration or stop and start is superfluous. Often users confuses the two sounds
as they’re similar. They’re designed to be each others opposites but to no avail. If the
user thinks it’s the same then it is sane to remove it (Maeda, 2006). To not confuse
the user we allow one type of sound correspond to one action. We decided to eliminate
the stop sound since it occurs after the deceleration sound and in the same manner
we decided to eliminate the acceleration sound as it occurs after the start sound. We
also experimented by removing additional sound. The final concept video prototype can
be found at https://vimeo.com/137402217 and every video prototype is available at
http://bergskarlen.nu/thesis_page.html#results.

8.3 Research questions

Recalling the first research question from section 1.1:

Are multi-modal warning signal beneficial in order to increase the level of comfort,
effectiveness or both? Which mode is suitable?

The suitable modes are visual and auditory, tactile being possible but not suitable2 as
the purpose of a warning signal is to avoid tactile interaction between bus and vulnerable
VRUs.

Audio signals are dominant and reaches the users who is in dire need of the warning.
The audio warning signals should be mapped to the highest urgency which corresponds
to a higher sensory load. High frequency sounds are generally, but not always, less
comfortable and more effective while the low frequency is more comfortable but less
effective. Propulsion with a combustion engine typically produces low frequency noise.

The proposed sounds are evaluated and reviewed by experts at Volvo, though exten-
sive testing remains to show if they’re good enough for commercial use. The sounds will
also require tuning in order to fit them to speakers and an acceptable volume.

Visual warning systems mainly provide information. Since the information can be
utilised to prevent irrational behaviour the vulnerable VRU might benefit in the long
term rather than immediate. The lack of immediacy makes the visual signal less of a
warning signal why it’s given a very low urgency mapping. By replacing audio warnings
of lower urgency with visual warnings the sensory load might be lowered but it remains
to be properly tested.

To summarize, audio warning signals are effective but not comfortable. By combin-
ing an audio warning signal with lower urgency with a visual warning signal of higher
urgency will probably not achieve a higher urgency than the audio warning signal. The
reason being that visual signals lack the dominance that’s associated with sound. This

2Other modes, such as olfactory (smell), gustatory (taste), kinaesthetic (physical learning) seems far
fetched and wouldn’t be commercially or socially accepted as solutions.
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statement remains to be properly tested.

Recalling the second research question from section 1.1:

To which extent does our warning signals fulfil the current legal requirements, the
pending legislation and recommended guidelines?

As the pending legislation consists of AVAS which only concern constant sound, only
those three sounds are shown in table 8.1. AVAS and other legal documents are available
online3. The AVAS-requirements listed in 1.1.1 are repeated:

Requirements

(i) sirens, horns, chimes, bells

(ii) emergency vehicle sounds

(iii) alarm sounds, fire, theft and smoke alarms

(iv) intermittent sounds

Recommendations

(v) melodious sounds

(vi) insect or animal sounds

(vii) any sound that confuses the identification of the vehicle and/or its operation.

Legislation criterion

Requirements Recommended

(i) (ii) (iii) (iv) (v) (vi) (vii)

Sound 1 Pass Pass Pass Fail Fail Pass Possibly

Sound 2 Fail Pass Pass Pass Pass Pass Possibly

Sound 3 Pass Pass Pass Pass Possibly Pass Possibly

Table 8.1: The constant audio warning signal compared to AVAS requirement. Pass means
the current requirement is passed, Fail means failure of the requirement and Possibly means
that there’s room for interpretation. Note that the column Vehicle confusion only contains
Possibly as no sound are similar to a usual bus sound.

3http://bergskarlen.nu/thesis/documents/legislation_docs.zip
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Note that all the constant sounds are possibly confusing (vehicle confusion), as they no
longer sound like a bus. This will change as a greater proportion of the bus fleet consists
of electrical buses. The criterion are open for interpretation, e.g. no definition of what
constitutes a melody is given in AVAS.

Looking separately at every sound, the Sound 3 possibly pass the AVAS requirement.
Where Sound 1 and 2 failed.

The AVAS document consists of two parts where the first describe sounds restricted
from use under AVAS and the other part sounds recommended to just avoid. If not
following the recommendations, Sound 3 pass the AVAS requirements.

8.4 Design insights

Methods used in the design process are constantly changing for interaction designers, to
allow adaptation for what one does, and / or discover along the way. So it has been
concerning this master work as well, which makes it appropriate to share our design
insights that came up during our work.

8.4.1 Inclusive design perspective

The inclusive design perspective was key to enter the field, but it’s hard to see how the
final concept is about inclusive design. The main reason probably being the lack of testing
with users with limited visual or audio capability. The inclusive design perspective was
stronger in the research stage, where we gained lots of insight. A good reason for using
it was also to discover an already implemented solution, designed for audio. A lot of
this insight echoed throughout the design phase but the convergence phases primarily
consisted of evaluation through expert statements and user testing, which lacked the
inclusive design perspective.

8.4.2 Interview subjects

An interesting thing to bring up is that the very nice bus drivers that we had the
opportunity to accompany a full day of observation and interviews. They were selected
to drive the new electric buses in Gothenburg and therefore probably was both positive
towards the electric bus and its place in the city. To only interview very friendly and
acquiescent drivers could possibly effect material extracted, however we followed them a
whole day, saw them get quite upset several times due to road users not paying attention
in traffic causing the bus drivers to either hit the breaks, signal the horn or just getting
irritated due to irresponsible behaviour. But in some sense the results from talking and
observing these bus drivers might be biased since the driver were nice. It could also be
translated into culture to avoid being rude or get too much attention by making a scene
through honking.

81



8.4. DESIGN INSIGHTS CHAPTER 8. DISCUSSION

8.4.3 Personas

Personas weren’t as helpful as they would require a much more thorough research in
order to be fruitful. This probably relates to the lack of ethnographic studies. We were
simply unable to identify a specific user group that could be described with a persona,
in order to design with that specific persona in mind. We discussed them which gave us
a lot in the beginning but gradually they faded as the project progressed.

We didn’t really use personas as a communication tool either since it did not fit and
the communication was already good and clear. Instead the user scenarios contributed
with great usability as including a larger user group.

8.4.4 Evaluation method

We relied very heavily on one evaluation method in our user tests. This meant that we
gained deeper knowledge of the SAM-scale as we used it twice and used the knowledge
from our first session. The problem with reusing the same evaluation method is the lost
opportunity to triangulate. As only one evaluation method was used, we couldn’t see
the flaws of using the SAM-scale, verify findings or reflect upon conflicts between two
evaluation methods. As the second usage of the SAM-scale was immensely better we
still think it was the right choice - otherwise we might have ended up with two methods
and two vague evaluations. More concrete we learned from the fist session that using
pen and paper for scoring on the SAM scale the result where not as intuitive as pointing
directly at a result like we did the second time around. The authors of the SAM scale
emphasize this part and prays it for its usability of intuitive easy of use.

8.4.5 Chosen design medium

All designs that were sketched were typically visual. In the same way almost all designs
from discussion were based on audio. It’s clear that the medium in which the design
is created dictates the medium of the output. Another example of this were the rapid
prototyping conducted with Little Bits which were extremely faster than Pure Data.
This was surprising to us as every component of Little Bits is available in Pure Data
but with more detail, besides simplicity we believe that the creative process involving
programming is more time consuming than tangible manipulation. Not surprisingly,
GarageBand led to more use of synthesisers in comparison to Pure Data. Additionally
doing all the audio ourself definitely limited us in the process compare to having a sound
designer doing it for us. It would have been easier to get some sounds or specification
from the beginning but what Volvo Buses wanted was a par of new eyes with an open
mind. They wanted us to go a little bit crazy and not to be limited. Also we believe
that a lot of things is happening in communication with the medium which makes it
important to design things yourself as designers.
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8.4.6 Use of design concepts

While the concepts were perceived as vague and arbitrary they were very useful for us
in the design process. Focusing on a specific concept sparked our creativity and gave us
momentum towards new directions. During this process we came up with an artefact
for sound manipulation which the bus driver could utilize to communicate. By having
this form of expression the drivers could create their own language to be understood
by the VRU. As this idea was beyond the scope of the master thesis we refrained from
developing it further but it could be an interesting topic for further studies.

There could be several reasons for why our concept did not work, such as poorly
presented or the use of video presentations of the concepts was not in its favour.

8.4.7 Statistical interpretation concerning results

The results from the tests are inferred with the aid from box plots. The average scores of
valence and arousal are often misleading since we’re mapping urgency to arousal. This is
explained in detail in section 6.4.4. The complete data set is available on the homepage
for closer inspection.

8.4.8 Proactive and reactive signals

The sounds associated with a bus today is a result of mechanical movement. The engine
hum is a consequence of the power train. From a design perspective, that’s great because
you can hear how many revolution per minute the car or bus is doing, without looking
at the dashboard. You can hear the acceleration without looking. The problem is when
the sound is produced, which is last in the mechanical chain - it’s reactive. When the
roaring noise from the engine is issued it might already be too late, the VRU has already
left the curb. The remedy to this can be artificial sound that can be triggered already
when the driver steps on the gas pedal. In that sense artificial sound can be used to
create proactive sounds which increases safety. The caveat is that the artificial sound is
fake and only provide a model of the reality.

8.5 Further Work

In our master thesis the audio warning signals took over, relating to audio being a
dominant sense. If we would have more time we would like to explore the visual factor
to and see the results of that. We believe that our process and methods are applicable
for visual warnings if such an investigation would be desired of Volvo Buses for another
thesis concerning only the visual elements.
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9
Conclusion

A
exterior warning signal can be designed through a human centred and
inclusive design perspective by utilising an action design research approach.
The inclusive design perspective could potentially generate better designs by
including it in the evaluation phases as well as the data gathering. While the

multi-modality of the warning signal is important and probably beneficial, only the audio
evaluation is enclosed in this report. However, the SAM-scale evaluation method can be
reused for the visual signal as well as a multi-modal signal containing both visual and
audio components, if a video prototype similar to the one we made is utilised.

Research Questions

We’ve shown that the designed audio warning signals are effective in a test situation
but it remains to show how they perform in reality. It’s also clear that we’ve received
positive feedback from one of our key stakeholders Volvo Buses, but it remains to see if
the feedback from bus drivers and vulnerable road users would be positive as well. The
iterative design of visual warning signals lack a proper evaluation as they are only re-
viewed by ourself with input given from the expert Dennis Saluäär and feedback received
from the monthly meetings with Volvo Buses.

The lack of evaluation stems from audio being the dominant modality as visual signals
serves as an information carrier rather than a warning signal. We suggest that another
master thesis is conducted with the aim to further design and evaluate visual warnings
and audio signals with the SAM-scale.

By comparing all designed constant audio warning signals with each criterion of
AVAS it was shown that none of the three warning signals fulfilled all requirements. It’s
notable that the failed criterion are subjective in contrast to the technical requirements.
Technical issues was also the major concern raised by Volvo Buses, why a natural step
would be to conduct tests in the traffic environment with a electric bus equipped with
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external speakers.

PEP-model

By iteration, reflection and abstraction the PEP-model was constructed. Three design
concepts were built on its predecessor based on events and a platform procedure described
in section 6.3.6 and 6.3.6. It serves as a tool to create coherent warning signals and
describes how components are linked. The designed model conveys the mental model
of a vehicle in cyclic operation, where a similar pattern is repeated with few exceptions
which can be triggered in numerous ways. It remains to show how several PEP-models
would be linked, serialised or used in parallel. Using several PEP-models in parallel
could be a result of using many modalities, rather than using it to describe the complete
warning signal as we did.

Evaluation Method

The SAM-scale can be utilised to measure the emotional arousal and valence of audio
warning signals provided a context. The arousal can be mapped to a rank of urgency
in order to assign a greater emotional arousal to a sound associated with a associated
urgency. It would be desirable to use another evaluation method in combination with the
SAM-scale in order to triangulate the emotional response and potentially troubleshoot
the SAM-scale. Using additional evaluation methods might allow strengths and flaws of
the current method to be revealed, which in turn can lead to a deeper understanding
and further design improvements.

Design insights

As a result of the process, several findings are accidental or consequential. Relating to
the inclusive design perspective, it was mainly present during the data gathering which
was positive but not enough - as we lost it during the evaluation phases, mainly due
to limited resources as it would require test participants from representative groups.
Finding participants during the data gathering, through interviews, was feasible which
led to great insights. It was also personally rewarding for us as authors. While making
the prototypes we iterated through different mediums which impacted the designs to a
surprisingly large extent. Finally, video prototypes was found to be very effective due
to the temporal and spatial trade-off and high similarity to the actual environment.
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A
Audio test

A.1 Results

Below is a summary of all the results in two separate tables. The first table in A.1.1concern
the arousal parameter and the second A.1.2 the valence parameter.

A.1.1 Arousal

Arousal

Test case Sound Data

Samples (Min/Max) Mean Variance Skewness Kurtosis

A

Sound 1 18 (1, 3) 1.72 0.33 0.02 -0.51

Sound 2 18 (2, 5) 3.78 0.54 -0.58 0.46

Sound 3 18 (1, 5) 2.33 1.18 0.44 0.06

AB

Sound 1 18 (1, 5) 3.39 0.72 -0.83 1.83

Sound 2 18 (1, 4) 2.61 1.08 -0.47 -0.92

Sound 3 18 (1, 5) 4.00 1.29 -1.23 0.94

C

Sound 1 18 (1, 5) 3.50 1.09 -0.80 0.16
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Sound 2 18 (2, 4) 2.94 0.53 0.08 -0.99

Sound 3 18 (1, 4) 2.78 0.65 -0.27 -0.30

DE

Sound 1 18 (1, 5) 3.44 0.97 -0.60 0.51

Sound 2 18 (1, 5) 3.33 0.94 -0.71 0.19

Sound 3 18 (2, 5) 3.28 1.15 0.01 -1.34

Sound 4 18 (1, 4) 2.44 0.97 -0.22 -1.00

Sound 5 18 (2, 5) 3.22 0.89 0.41 -0.60

F

Sound 1 18 (1, 4) 2.22 0.54 0.58 0.46

Sound 2 18 (2, 5) 3.28 0.80 -0.06 -0.92

Sound 3 18 (2, 5) 3.33 0.82 -0.22 -0.98

Sound 4 18 (1, 5) 3.00 0.71 0.00 1.50

AG

Sound 1 18 (1, 5) 3.39 0.72 -0.83 1.83

Sound 2 18 (1, 4) 2.61 1.08 -0.47 -0.92

Sound 3 18 (1, 5) 4.00 1.29 -1.23 0.94

H

Sound 1 18 (3, 5) 4.06 0.53 -0.08 -0.99

Sound 2 18 (1, 5) 3.11 0.81 -0.22 0.62

Sound 3 18 (2, 5) 3.67 0.71 0.07 -0.67

Sound 4 18 (3, 5) 3.78 0.54 0.35 -0.99

Table A.1: Summary statistics of the Arousal parameter for all audio warning signals
included in the SAM-scale evaluation.

A.1.2 Valence

Valence

Test case Sound Data

Samples (Min/Max) Mean Variance Skewness Kurtosis

A
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Sound 1 18 (2, 5) 3.11 0.93 0.59 -0.47

Sound 2 18 (1, 3) 1.78 0.65 0.41 -1.27

Sound 3 18 (2, 5) 3.28 0.80 -0.06 -0.92

AB

Sound 1 18 (2, 5) 3.06 0.53 0.87 1.41

Sound 2 18 (2, 5) 3.83 0.38 -1.45 3.02

Sound 3 18 (1, 5) 2.11 1.16 0.93 0.77

C

Sound 1 18 (2, 5) 4.17 0.85 -0.79 -0.31

Sound 2 18 (2, 5) 3.39 0.96 0.32 -0.82

Sound 3 18 (1, 4) 2.33 0.59 0.18 -0.24

DE

Sound 1 18 (3, 5) 3.89 0.58 0.18 -1.15

Sound 2 18 (3, 5) 3.83 0.62 0.29 -1.24

Sound 3 18 (1, 5) 2.28 0.80 1.46 2.97

Sound 4 18 (1, 4) 2.56 0.61 -0.56 -0.21

Sound 5 18 (2, 5) 3.83 0.62 -0.46 0.07

F

Sound 1 18 (1, 5) 3.22 1.12 -0.15 -0.39

Sound 2 18 (2, 5) 3.72 0.68 -0.74 0.18

Sound 3 18 (1, 5) 2.94 1.58 -0.08 -1.46

Sound 4 18 (1, 5) 3.50 0.97 -0.76 0.64

AG

Sound 1 18 (2, 5) 3.06 0.53 0.87 1.41

Sound 2 18 (2, 5) 3.83 0.38 -1.45 3.02

Sound 3 18 (1, 5) 2.11 1.16 0.93 0.77

H

Sound 1 18 (2, 5) 3.00 0.82 0.49 -0.61

Sound 2 18 (1, 5) 2.44 1.56 0.78 -0.19

Sound 3 18 (2, 5) 3.44 0.61 -0.19 -0.43

Sound 4 18 (1, 5) 3.44 1.56 -0.34 -1.01

Table A.2: Summary statistics of the Valence parameter for all audio warning signals
included in the SAM-scale evaluation.
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A.2 Material used for audio test

The user test consent form, introduction to user test and user test initial questions below
was given to every participant in the audio test.

Figure A.1: The consent form that was filled in by all user testers along with the manuscript
to introduce the testers of the test.
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Figure A.2: The initial questions filled in by all user testers.
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A.3 Score sheet used in audio test

The score sheet used for documenting test persons data.

Figure A.3: Score sheet used in audio test to record answers.
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Figure A.4: Score sheet used in audio test to record answers.

A.4 Results of sounds excluded in the final concept
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APPENDIX A. AUDIO TEST

(a) Shows a scatter plot of Sound 1 for test case A. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.5: The test answers for case A. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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APPENDIX A. AUDIO TEST

(a) Shows a scatter plot of Sound 2 for test case A. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.6: The test answers for case A. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 2 for test case AB. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.7: The test answers for case AB. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 3 for test case AB. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.8: The test answers for case AB. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 1 for test case C. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.9: The test answers for case C. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 3 for test case C. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.10: The test answers for case C. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 1 for test case DE. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.11: The test answers for case DE. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.

103
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(a) Shows a scatter plot of Sound 2 for test case DE. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.12: The test answers for case DE. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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(a) Shows a scatter plot of Sound 3 for test case DE. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.13: The test answers for case DE. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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(a) Shows a scatter plot of Sound 5 for test case DE. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.14: The test answers for case DE. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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(a) Shows a scatter plot of Sound 1 for test case F. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.15: The test answers for case F. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 2 for test case F. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.16: The test answers for case F. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 3 for test case F. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.17: The test answers for case F. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 1 for test case AG. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.18: The test answers for case AG. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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APPENDIX A. AUDIO TEST

(a) Shows a scatter plot of Sound 2 for test case AG. In order to show duplicate values the size
of the data point is increased. Thus, the size of a data point is proportional to the frequency.
The arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given
on a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.19: The test answers for case AG. The answers are given in terms of the SAM-
scale which consists of two parameters: Arousal (given by the y-axis) and Valence given by
the (x-axis). The scatter plot is supported with box plots of all the sounds in the test case
in order to provide context.
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(a) Shows a scatter plot of Sound 2 for test case H. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.20: The test answers for case H. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 3 for test case H. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.21: The test answers for case H. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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(a) Shows a scatter plot of Sound 4 for test case H. In order to show duplicate values the size of
the data point is increased. Thus, the size of a data point is proportional to the frequency. The
arousal is given on a scale from 1 to 5, where 1 is Calm and 5 is Active. The valence is given on
a scale from 1 to 5, where 1 is Sad and 5 is Joyful

(b) The arousal parameter summarized by box
plots for each sound in the test case.

(c) The valence parameter summarized by box
plots for each sound in the test case.

Figure A.22: The test answers for case H. The answers are given in terms of the SAM-scale
which consists of two parameters: Arousal (given by the y-axis) and Valence given by the
(x-axis). The scatter plot is supported with box plots of all the sounds in the test case in
order to provide context.
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B
Interviews

Below follows interview questions for the semi-structured interviews.
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B.1 Interview with bus drivers

s

Figure B.1: Interview questions
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B.2 Interview with SRF, HRF and FSDB

s

Figure B.2: Interview questions.
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C
Use Cases

Below follows our initial use cases, to find our final use cases go to 6.3.6 or look at our
PEP-model in the result chapter 7.
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C.1 Initial use cases

s

Figure C.1: Initial use cases.
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D
User scenarios

D.1 Workshop user scenarios

The final user scenarios in full, read more about them in the design process in 6.3.6.
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LET’S CROSS THE 
STREET WHILE NO 
ONE’S LOOKING!
The bus is leaving, the driver isn’t 
looking and the pedestrian is 
crossing the street. 
We’ve all done it, used our amazing gift of imagination and stepped out in 
the street. Usually the bus driver monitors us but there’s a lot of people in 
motion around the bus. 

How can  
• The bus inform the driver? 
• The bus get the pedestrians 

attention?

1
USE CASE



HOLD UP! THIS 
FACEBOOK POST IS 
REALLY FUNNY.
Sometimes we’re superbad at 
priorities.  
Failing to multitask is easy. Sometimes we don’t even notice that we fail at 
multitasking, like when two 18 m busses are tooting their horns at us. 
Maybe it have happened to you but you never noticed it? 

How can  
• The bus get the pedestrian out of 

the way? 
• A warning be strong enough to 

get this pedestrians attention?

2
USE CASE



THERE’S NO RUSH 
WHEN THE BUS ISN’T 
THERE YET
Maybe it’s because you walk in 
front of its side mirror very slowly  
Confusion sets in when you’re wondering why the bus is late. You see that 
everyone else is annoyed as well. The bus driver didn’t even say hello. 
Strange! Side mirrors are very dangerous for tall pedestrians as well. 

How can  
• The bus encourage pedestrians 

to walk further away from the 
platform? 

• Pedestrians avoid side mirrors

3
USE CASE



THE BUS IS YOUR 
FRIEND - A REALLY 
CLOSE FRIEND.
But it’s good to keep your distance, 
Confusion sets in when you’re wondering why the bus is late. You see that 
everyone else is annoyed as well. The bus driver didn’t even say hello. 
Strange! Side mirrors are very dangerous for tall pedestrians as well. 

How can  
• The bus encourage pedestrians 

to walk further away from the 
platform? 

• Pedestrians avoid side mirrors

4
USE CASE



YOU’RE ALWAYS SAFE 
IN A CROWD, 
But everyone on the bus arrives 
late and those are really the crowd. 
The bus driver gets super tired as 
well… 
Classic occurrence is after a music concerts, events or some special 
locations in Gothenburg. At some point we waiver our right of passage, 
trying to be nice. Have you ever hesitated when crossing the road? 

How can  
• The bus disperse the crowd when 

needed?

5
USE CASE



BIKING IN THE CITY 
IS NICE.
If you’re not squeezed between a 
bus and a platform fence. 
It’s hard for city planners to change plans. E. g. adding biking lanes where it 
wasn’t planned. A consequence could be crossing paths, like above. When 
the bus blinks and leaves the platform biker must be detected. 

How can  
• The bus driver better show his/

her intention? 
• The bike know when the bus is 

pulling out?

6
USE CASE



APPENDIX D. USER SCENARIOS

D.2 12 short stories

12 initial scenarios later developed to the 6 user scenarios D.1
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Figure D.1: User scenarios formed from observation and interviews.
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Figure D.2: User scenarios formed from observation and interviews.
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E
Light concepts

E.1 Eco

Figure E.1: Light sketch from the Eco concept, state 1
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Figure E.2: Light sketch from the Eco concept, state 2

Figure E.3: Light sketch from the Eco concept, state 3
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E.2 Care

Figure E.4: Light sketch from the Care concept, state 1

Figure E.5: Light sketch from the Care concept, state 2
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Figure E.6: Light sketch from the Care concept, state 3

Figure E.7: Bright led lights, illustrate the care concepts vision of saving every life
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Figure E.8: Care concept, highlighting the side mirror, state 1
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Figure E.9: Care concept, highlighting the side mirror, state 2
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Figure E.10: Care concept, highlighting the side mirror, state 3

E.3 Express

Figure E.11: Light sketch of closing door from the Express concept, state 1
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Figure E.12: Light sketch of closing door from the Express concept, state 2

Figure E.13: Light sketch of closing door from the Express concept, state 3
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Figure E.14: Light sketch of closing door from the Express concept, state 4

Figure E.15: By using universal language on the side mirror the driver can express inten-
tions
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Figure E.16: By using universal language on the side mirror the driver can express inten-
tions
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Figure E.17: By using universal language on the side mirror the driver can express inten-
tions
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Figure E.18: By using universal language on the side mirror the driver can express inten-
tions
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Figure E.19: Big front displays for attention, using different hues to convey current state.
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Figure E.20: Big front displays for attention, using different hues to convey current state.
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Figure E.21: Big front displays for attention, using different hues to convey current state.
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Figure E.22: Big front displays for attention, using different hues to convey current state.
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Figure E.23: Big front displays for attention, using different hues to convey current state.
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