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Abstract

Drivers must communicate with other road users to make theimtentions clear, thereby
enhancing the quality of the driving experience, improving safety on the roads and
avoiding accidents. This interaction can be made either formally using legal signals
approved bylegislative bodies(e.g. use of indicators), or iformally (e.g. hand gestures).
However, this informal interaction may not beclearly understood by all drivers, and may
lead to stress, strong emotional responses or aggressive driving behaviour. Moreover, a
single informal interaction, e.g. flashing the &adlights, can have several different
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depending on the situation. Driver interaction could be enhanced by an electronic driver
to-driver communication device (DDCD) which would allow motorists to exchange
messages with each other. Theechnology associated withconnected vehicles could be
used for the design of this communication device. For example, wireless devices and
sensors already allow vehicles to exchange informatn with other vehicles (V2V) and
road infrastructure (V2I) at any time.

This PhD research initially introduces a driver-to-driver communication framework
depicting a set of variables or factors that have a decisive effect on the communication
process. Thédramework is also comprised of a task analysis for the DDCD. The framework
is later expanded to include a specific set of design recommendations linked back to the
variables that affect the communication process. These recommendations are specifically

related to the DDCD and are based @review of the literature and results fromempirical

studies conducted as part of the PhD



A mixed-methods approach was adoptedn this researchto elicit opinions and attitudes
of drivers, including interviews, observations, a workshop with academic experts and
guestionnaires. In total, five studies are described in the thesiswith STUDY A being an
exploratory investigation on the feasibility of the DDCD. The second and third studies
focused specifically on the task of reeiving messages, with academic experts (STUDY B)
and with regular drivers (STUDY C)A fourth study (STUDY D)nvolved on-road trials to
investigate how drivers would identify a vehicle to send a message to. The final
experiment (STUDY EXxonsisted of anevaluation in a driving simulator of a lowfidelity
prototype of the communication deviceto send messages

The studies were based ol set ofdriving communication scenarios whichfacilitated the
exploration of potential issues with the use of a proposed technology before
implementation. The scenarios represented different examples of howvhy and when
drivers might communicate with one anotherand were used as the focgloint with study
participants.

The findings from this research indicate that drivers would be willing to use an electronic
communication device in situations directly related to the road context in which there is
a decisive effect on their safety or that may alter their driving behavioyrsuch & a
problem with their vehicle or a hazard on the road There are many factors investigated
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factors include, but are not limited to, time criticality, trust issues irmessage content, the
effect of passengers, sender anonymity and the general purpose of communicatidhese
research findings will significantly contribute to the limited academic research currently
available on social and connected vehicleand can also provide invaluable information

for the automotive industry.
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Chapter onez Introduction

1 Introduction

1.1 Background

Humans are social beings and naturally communicate with each other in a vast variety of
situations. In modern life, there is almost always some form of social influence in
scenarios involving human beings. This statement also applies to the road environment.
There are social factors involved from the moment humans choose which mode of
transport to take to their actual participation in traffic (Wilde, 1976).

One particularly important social effectis when one driver interacts with another road
user. While driving, road users must communicate with others to make their intentions
clear and avoid accidentgBjorklund & Aberg, 2005 Wilde, 1976). This interaction can
be made either formally using legal signals approved by local legislation or official
guidelines such as the UK Highway Code (e.g. indicators, brake lights) or informally,
subject to cultural convertions (e.g. ham gestures, verbal utterances).

Compared to other means of communication, which are predominantly verbal and often
faceto-face, the interaction between two drivers has specific characteristioBjorklund,
2005). Firstly, since the drivers are inside the vehicles, this creates a spatial separation
and physical barrier between agents. Secondly, due the fact that both vehicles are
usually in movement, often at high speeds, this interaction needs to be completed in a
much shorter time. Finally, visual information such as facial expressions and gestures
may be unavailable (e.g. at night). All of thesedtrs mean that it can often be difficult to
OAOEZAU OEA DPOAAEOA ETOAT O T &£ 1T OEAO AOEOGAO

real intentions, this can lead to misunderstandinggRenner & Johansson, 2006 For
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example, there may be several reasons why a driver on the road flashes their headlights
at oncoming cars.
The lack of clearcommunication or miscommunication between drivers can also result
in aggressive driving behaviour, as metioned by Rakotonirainy et al.:
(he inclination to undertake unsafe driving behaviour is exacerbated by the inability to
perceive or express social €siwhen feeling anonymous. Inoffensive acts or gestures tend to
be interpreted by angry drivers as aggressive and can escalate into road rage in an
ATTTUIT OO0 AlRakonirdiny, Adlldd, & daworth, 2008p. 02)
As technology evolves, a hypothetical electronic device could be used to facilitate
communication between drivers without adversely affecting the driving taskPfleging,
Schneegas#& Schmidt,2013). This device could use the technology and framework being
developed as part of the extensive research on connected vehicles, which allows wits
to be connected all the time, and for drivers to exchange information with each other
using sensors and wireless devicefEvansPughe, 2005.
4AEAOA AOA T AT U DPOAAEAOAA OOGAOG T &£ OEEO Al
intentions and communicationclearer leading to a more positive outcome. For example,
by using an electronic communication device, drivers would be able to

1 Provide prior warnings of their intended behaviour to other vehicles in close

proximity;

1 Explain or apologise for a particularaction involving another vehicle;

91 Ask for permission to give right of way;

1 Share traffic and other road information with other drivers;

1 Share social information with other drivers(Riener & Ferscha, 2018
The interaction with this electronic device can be divided into specificsecondary or

tertiary tasks that need to be accomplished whiléhe motorist is focused on the primary
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task of drivinge 3 AAT T AAOU OAOEO ET AOAAOGA OEA AAI Al
andd CT EOEOA OAOI OOAAOh xEEAE AT O1I A AAOOA
primary driving task (Hedlund, 2006). In the last few decades, there has been an increase
in the number of services or applications available for the vehicle such as Internet access
and navigation systems. Due to thisicreasedfunctionality available ina modernvehicle,
there has been a cange in the way that some of these functions were designed with
numerous similar functions being combined via mentbased systems. The way that any
electronic system available in the vehicle is designed will determine how complex it is for
the driver to interact with it. Research shows that complex interactions with ivehicle
information systems (IVIS) are linked to poor driving performance,primarily due to
longer glances away from the roaqHorrey, 2011). The cognitive demand associated with
these interactions can also impose an unsafe demand on the driver
Therefore, when designing any new irvehicle system it is imporant to take into account
A O E Grilididdal capabilities such as response time, balance and visual focas well as
the complex interaction between the driver and the system, in order to avoid driver

distraction and the threat to the safety of all road uers.

1.2 Research aims and objectives

The overall aim of this researchis to investigate Human Factors issues pertainingp an
electronic means of driver communication in order to informthe design of a hypothetical
DDCD. More specifically, this research ainms provide a set of specifi;zecommendations
for the design of this communication device, which currently do not exist. The following
specific objectives address the overall aimz listed below and expanded upon in the

subsequent text
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1. Toinvestigate how divers communicate with each other using tragtional means
of communication.
2. To provide a driver-to-driver communication framework.
347 ET OAOOECAOA AOE évindddssages UsifgdDEDO x E A1
4. 47 ET OAOOECAOA A OE OA OOGBDDADAIR diferén tirikidy 1 A&
communication scenarios.
5. To explore alternative Human-Machine Interface HMI) designs foraDDCD.

6. To provide general deggn recommendations for a DDCD.

Investigate how drivers communicate with each other using traditional means of
communication

Drivers communicate with other drivers in many different ways. The scope of this
objective was to obtain background information regarding driver communication,
without the use of any electronic device, to specifically support general driver
communication. This objective was accomplished not only by a critical review of the
literature on driver communication, but also by an initial, explorator interview study,
which is presented inChapter 05 The outcomes of this objective defined the next step in

the research.

Provide a driver -to-driver communication framework

Several factors may affect the communication between driver$herefore, itwas deemed
important to first of all thoroughly understand how communication between drivers
could take place. One of the objectives of this research is to introduce a driserdriver
communication framework, which depicts all the actors involved in the communication

process and the variables that may affect t& communication. This framework also
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comprises of a task analysis and a set of communication scenar@sd can be used as a
reference tool for designers of a DDCD. The variables described in this framework
provide the basis for the design guidelines presged in this thesis. This objective is

addressed in detail inChapter 04

) T OAOOECAOA AOEOAOOS AiT OEI 1 GDxaAPAT OAAAEO!I
The use of a DDCD can significantly affect the outcome of the interactlmetween drivers.

This outcome could be either positive or negative. A negative outcome can have a decisive
effect on driving behaviour and in a worstcase scenario lead to road rage incidents and
accidents (Walters, Pezoldt, Womack, Cooner, & Kuhn, 2000Therefore, it is deemed

Ei BT OOAT O O1 O1 AAOOOAT A EIT x AOEOAOOS6 AEAAI
using such a device. This was investigated in both studies that focused on receiving
messages using the DDCD, whicare presented inChapter 06 Details of the thesis

structure and the studies carried out in this researchare presented inFigure 1.1.

) T OAOOECAOA AOEOAOOG A ARADDED Anl diffdrenti diivingd E A
communication scenarios

There are many situations in which drivers must communicate with other drivers to
make ther intentions clearer. Some of these situations, for example turning left, do not
require the use of any other device, as the vehicle already provides indicators for the
driver to clearly communicate their intention with the other driver. However, there ae
many other situations in which the driver needs to communicate with other drivers and
has to rely on mechanisms available in the vehicle or gestures to try to transmit the
message and their intentions, and this caaoften be unclear or confusingBased onthese

specific situations, a set of different driving communication scenarios were designed and
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acceptance of different scenarios was investigated iall three studies preseted in

Chapters 05 and 06.

Explore alternative HMI designs for a DDCD

This research aims to investigate alternative HMI designs for the DDCD. This objective is
addressed in different ways in all the studies carried out in this research. The HMI designs
explored in this research cover different modalities of information presentation (i.e.
auditory and visual) and system interaction such as the use of speech and gestures.
Message content and the best way to present messages were also investigated. Some of
the general design recommendations provided at the end of each study chapter are

closely related to the alternative HM$ explored.

Provide general design recommendations for a DDCD

The final objective of the research is to provide general design recommeatibns for a
DDCD. These general recommendationsome of which can also be applied to other-n
vehicle devices,are based on the results of each study and therefore are presented at the
end of each study chapter. A subset of all these recommeridas is describedin Chapter
09. The guidelines presented in Rapter 09 are specific to the DDCD and they were
written to provide designers and developers of automotive interfaces with guidance on
how to design an electronic communication deviceDesign recommendations have
considerable power to improve the usability of a praduct by assisting designers to
achieve the best outcomeThese guidelines were incorporatednto the driver-to-driver

communication framework.
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1.3 Thesis overview

The thesis is organised into ten chapters, starting with an introduction, which describes
the background of the research, the aims and objectives and an overview of the thesis
together with the overall structure (Chapter 01). The following sections describe each of

the remaining chapters in turn.

Chapter 02 z Literature review

This chapter presents a critical review of the diverse fields and disciplines, which have
informed the research presented in this thesis. The chapter begins with structured
progression of different forms of human communication, from the theory of common
ground to non-verbal and technologymediated communication The chapter then
describes the social interaction between motorists with relevant models of driver
interaction. A review of different models of user acceptance is also presented this

chapter.

Chapter 03 z Methodology

The methodology chapter provides a description of the different methods and
approaches used to investigate the feasibility of the DDCD, such as observations, task
analysis, scenarios etc. This mixednhethods approach is useful for eliciting a large
quantity of rich information, which can then be studied in more depth or validated as
necessary. The methodolog described includes both the approaches to data collection
and data analysis. This chapter also presents any assumptions that have been made

during the analysis of the d#a obtained during the studies.

Chapter 04 z Introduction to the driver -to-driver communication framework
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One of the objectives of this research is to provide a driveto-driver communication
framework. This chapter addresses this specific objective. The framework is initially
represented asa diagram, which presents the main elements involved in driveto-driver
communication and several variables that can affect this communication. The second part
of the framework is a task analysis, which was designed based on the two main general
tasks necessary to interact with the DDCR to receive and to send messages. Based
the diagram and the task analysis, a list of seven examplescoimmonuse case scenarios
was created. The framework presented in this chapter provides a sound basis for
designers to generate new use case scenarios. Moreover, the set of specific gudsli

presented in Chapter 09are linked to the variables inthe diagram.

Chapter 05 z Exploratory investigation into the feasibility of a DDCD

This chapter presents a exploratory study, which wasdesigned to investigate driving
behaviour. This study aimed to explore various communication issues raised while
driving a vehicle, and how an electronic dege could address these issueSwenty-four
participants were asked to give their opinions on howhey would react toa subset ofsix
of the driver-to-driver communication scenariosmost relevant to this particular study;,
firstly using only the traditional means of communication (e.g. gestures, honking their
horns) and secondly using a hypothetical elémonic device. The scenariosvere presented
in textual form.

The findings point to the importance of themessagecontent and type on the outcome of
the communication. The identification of the driver who sent the message also plays an
important role on the outcome of the communication. Results also highlight theotential

influences of passengers on the communicatiowhen using an electronic avice.
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Chapter 06 z Receiving messages with the DDCD
This chapter presents two studies which aimed to investigate the specific task of
receiving messages with the DDCD. The first study was a workshegich aimed to
capture opinions from a group of HumarComputer Interaction (HCI) and Human Factors
| Ergonomics (HF/E) experts. Fifteen participants actively worked in small groups to
answer the same four questions regarding asubset of five of the driver-to-driver
communication scenariosmost appropriate for this workshop, presented to them in
graphical form. The questionswere designed to capture opinions regarding the content
I £#/ OEA 1 AOOACAnh OEA AAOO 11T AAI EOU O OAAAL
receiving the message. Results highlighted various design recommendations, such as the
advantage of having thedDCD integrated with other irvehicle devices (e.g. satnav), and
that the content of the message should be carefully considered.
The second study aimed to elicit the opinions and feelings of 48 regular drivers regarding
the task of receiving messages. Pagipants filled in questionnaires on driver acceptance,
emotion and a customdesigned driver-to-driver communication questionnaire after
each one of the five communication scenarios were presented to them in a vidbased
format. Participants were also aked to provide suggestions on how to improve the
messages. Resultsvere in accordance with the previous study, especially regarding

lower acceptance of nordriving r elated communication scenarios.

Chapter 07 z The task of vehicle identification

Drivers must identify to the system whichmotorist(s) will receive the messageThis is
one of the main tasks required when sending a message to another vehicle. This chapter
presents an onroad exploratory study, which took placen Nottingham. Ten participants

were prompted by an auditory alert to choose a single vehicle close by and demonstrate
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how they would identify that vehicle to a hypothetical system quickly, and in a natural
and instinctive way. The results of this study lghlight useful guidelines for the design of
a vehicle identification system. Findings point to the use of speech based interaction with
three main categoriesused by drivers, namelyehicle colour, location and classification
or general type such as aaloon or van. The sequence in which these descriptors were
used was also measured. Contrary to expectation, gestures wergely used to identify

vehicles.

Chapter 08 z Sending messages with the DDCD

Chapter08 presents a study on the task of sending messages using the DDCD. The study
aimed to investigate how drivers interact with two distinct HMIs to send messages to
other vehicles in different situations. Twenty participants took part in the study, which
took place in amedium fidelity driving simulator. Messages were sent in fregontent
form using speech or by selection of prelefined categories on a touchscreen menu
navigation task. The communication scenarios were designed based on the criticality to
send the message. Results from the wvious study (Chapter 07) on the task of identifying

a vehicle wete incorporated into this study.

Results from this study highlight higher acceptance rates fahe speechbasedinterface.
Design rcommendations for predefined messages and free content messages were also

drawn from the results of this study.

Chapter 09 z Design guidelines for a DDCD
One of the fundamental aims of this research is to provideedign recommendations for
the DDCD. Design recommendation®ased on the results of each studgre described at

the end of each study chapter, i.e. inl@pters 05-08. Some of heserecommendations

10
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could also be applied to other devices such as -wehicle informational systems. In
contrast, Chapter 09lists and describes a subset of design guidelines based on the results
of this research, which & highly specific to the DDCD.
This chapter extends thedriver-to-driver communication framework introduced in
Chapter 04by adding this list of design recommendations, which are specifically related
to the DDCD Eachrecommendation described in this chapter is linked toone or more
variables or factors that have an effect on the communication between drivers. These
variables are presented as part of the driveto-driver communication framework

introduced in Chapter 04

Chapter 10 z Overall discussion and conclusions

Chapter 10 summarises the work presented in this thesis, draws conclusions, discusses
the limitations of the research and proposes future work. This is an overview chapter,
which provides a summary of the research results and the asnof the research

accomplished.

1.4 Thesis structure

The structure of the thesis can be seen iRigure 1.1. The numbers in the green circles
represent the chapters of this PhD thesisThe research employed a number of different
methods to address the research objectivesThe grey Research Methodology box
indicates the methods used in this researchincluding in which chapters they are
presented. The methods were chosen as being the most appropriate to the stage of the
research and the phenomena being studied. More details about the methodology used i

this research can be seen i€hapter 03 whichis connected tothe grey methodology box

11
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The researchalso employed a number of different studies to address the research
objectives. The figure shows which studies arepresentedin each chapterand how each

one contributed to the overall researchobjectives.
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1.5 Contribution to knowledge

The research work presented in this thesis contributedroadly to the understanding of
the social context of driving and specifically to our understanding of how drivers might
interact with future electronic communication systems within vehicles.Several different
relevant design aspects o DDCD such as its usabilityjser acceptance and HMI were
explored in detail throughout this thesis.An electronic communication device could aid
drivers in situations in which some sort of communication is required and the technology
already available in the vehicle does not help tmake the message clear enough.

The review of theliterature presented in the next chapterdemonstrates that previous
research has beencarried out on different aspecs of the social interaction between
drivers. However, no research haget been conducted to investigate the use oén
electronic communication device to help drivers quickly communicate with each other
with the main purpose of making their intentions clear. The most relevant and
comprehensive research specifically on driveto-driver communication dates backto
1976, a period in which technobgy was not advanced enough to be able to provide an
efficient way for drivers to exchange messages with each other.

The PhD research presented in this thesis makes a significant contribution to the
literature. The results of this research provide information and crucial considerations for
the automotive industry when deciding whether or not to adopt this technologyThis PhD
research ntroduces and then expand®n a driver-to-driver communication framework
which is comprised of a diagram with the main elements and factors that hawn effect
on the communication process. A task analysis and a set of use case scenarios are also
part of the framework. The last element of the framework is a set of design

recommendations for an electronic communication device.This driver-to-driver

14



Chapter onez Introduction
communication framework and the guidelines are especiallyhelpful for designers and

developers of systems for ghicles
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2 Literature review

2.1 Introduction

This chapter provides an overview of the literature which has formed the basis for the
research presented in this thesis. The relevant research literaturacludes diversetopics
such as different forms of human communication and user acceptance of a new
technology. Although the thesis draws inspiration fromvarious areas such as social
sciences and psychology, it is fundamentally grounded in HCI and HFARd therefore it
is presented and reviewed from this perpective.

Communication between drivers is a form of human communicationThe literature
review starts with a structured progressionof different forms of human communication.
The first section covers basidiuman communication anda theory associated with this
area called common ground. This section also covers some aspects of human
communication relevant to this research, such as nemerbal communication and conflict
resolution.

A DDCD is a form of technology to be used for communication, and therefore has sjec
characteristics. Technologymediated communication, which is the use of technology in
human communication, istherefore covered in the first section. Manyaspects related to
this area are particularly relevant to this research

Driver communication is a form of social interaction.The third section moves on to the
social interaction between drivers. Various aspects related to driveto-driver
communication are reviewed in this section, such as the conceptsdcial carand models

of driver interaction.
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Thefourth section describes and reviews modelsf user acceptance of new technologies
and more specificallymodelsof AOE OAOOG6 AnkvuhdewcésAtiisAdky inipdEtant
in terms of cost andeffort to investigate uselO 8ubjective experiences and itudes
towards new technologies in the early stages of desigihe fifth and final sectionreviews
human emotions and their importance in the road context-igure 2.1 shows a diagram of
the maintopics presented in this review,with their section numbersand different colours

to highlight the separateareas of research

DDCD Design

2.2 - Human
communication

22.2-
2.2.1 - Common Technology- verbal 2.2.4 - Conflict

ground mediated " resolution
communication Ll 2]

2.2.3 - Non-

Figure 2.1. Literature review topics

2.2 Human communication

Human communication is basically the process of transferring information from one
party called the sender to anothermparty known as the receiver(Norman, 2013. Many
different theories and models aim to explain human communication. ThiBhDresearch

focuseson the specific concept of common ground, which is described in detail in the next
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section. This concept is applicable to all sorts of human communicationand highly

relevant to the communication between drivers

2.2.1 Common ground

One of the main concepts related to human communicatioms called ground in
communication or common ground. Common ground idefined as a collection of mutual
beliefs, mutual knowledge and mutual assumptions, which is required by two people to
successfullycommunicate with each other(Clark & Brennan, 1991 Clark & Carlson,
1982; Clark & Marshall, 2003.

Communication is much more than one side planning and issuing utterances and the
other side listening and understanding them. The parties involved in communication
need to coordinate on content; the listenerand the speakermust reach agreementthat
they areboth referring to the samespecific meaning of a word and noto other meanings
(Grice, 1970Q. They also need to coordiate on process; the speaker must know when it
is time for them to speak and the listener must make sure to provide cues to the speaker
that they are following what the speaker is sayingClark & Schaefer, 1987Clark &
Wilkes-Gibbs, 1986 Isaacs & Clark, 198Y. These coordination mechanisms must take
place every time there is a communicationas grounding constantly changes. Asking a
guestion, for example, is much more than uttering an interrogative sentence. The other
party in the conversation must have understoodite meaning of the question in order for
the communication to be considered successful. Grounding is then achieved when all
parties involved in the communication have reached mutual belief on understanding
(Clark & Brennan, 199).

There are generally two phases in grounding, the presentation @ utterance and the

acceptance othe utterance (Clark & Brennan, 1991 Clark & Schaefer, 198y. Ambiguities
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with grounding are often clarified at the acceptance phase. Evidence of grounding can
take three different forms. In the first one, acknowledgement, the listener utts words
OOAE AO OOE EOds thair héadtd ¢obfirmiti@t the communication was
understood and the conversation carcontinue (Clark & Brennan, 199). In the second
form of evidence called relevant next turn, the listener responds to the speakgeeither
verbally or non-verbally, both taking turns. Questions and answers act as adjacent pairs
as the second one iselated to the first one. Acceptancef this evidenceis only reached
when a relevant utterancehas beenmade in response to a previous utterancéClark &
Brennan, 19971 Clark & Schaefer, 198Y.In the third and final form, evidence can béund
from continued closeattention OT OEA ODPAAEAOS6 O x1 OAO8 4EEC
eyecontact or facial expressionslf the listener looks puzzled, for example, thisnay bea
sign that the listener is paying attention, but the utterance has not been understood
(Clark & Schaefer, 198Y.
The principles of least effort states that participants in both phases of grounding try to
minimize the total effort spent in the interaction by being brief and informative at the
same time(Davies, 2007. One factor that shapes grounding ithe collective purposeof
communication, i.e. what people try to accomplish while communicatingClark &
Brennan, 1997, Grice, 1970Q. Grounding techniques should not be the same for all types
of collective purposessuch as to get acquainted, to teach something or to plan an event.
Clark and Brennan (1991 describe two types of content; references and verbatim. Some
conversations aim to establish referential identity with a mutual belief that the partis
involved have correctly identified the same referent. Several techniques are available for
this type of content. The first one is to provide alternative descriptions so that the listener
can confirm they have identified the same referentClark & WilkesGibbs, 1986 Isaacs &

Clark, 1987. For example
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A: That young guy from the office.

B: Do you mearthe one with the beard?

A: Yes.

The second technique iso employ indicative gestures, to lookat or to touch the referent

(Clark, Schreuder, & Buttrick, 1983, for example

A: What make is that car over there?
B: That blue one? (POINTING)
A: Yes.

Bd » ogotr

The third technique is to establish the identity of the referent by providinga description
of it in order to make sure that the listener understands the meaning of the word used to
identify the referent (Isaacs & Clark, 198). The example below shows a conversation

between a computer instructor and a learner:

A: Can you see the cursar that the small flashing line on the screen that you move to
mark the point where you aregoingto type or do something?
B: OK, yes.

A: Move it to theright-hand corner of the screen.

Another factor that shapes grounding is the personal medium in which the twway
communication takes place, e.g. faa®e-face, telephone, emalil, teleconferencing etc.

Different grounding techniques may not be available in one medium or mayost more in
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another (Brennan, 1998. The main goals are to apply the least collaborative effort
principle and to only employ techniques awilable for a specific mediumA framework
was proposed byClark and Brennan (1991} to account for the differences among these
different media. A medium can impose eight different constraints on communiaah by

two people (A and B), which argresentedin Table2.1(Clark & Brennan, 199):

Table 2.1. Constraints on communication

Constraint Description

01 | Copresence A and B arenot in the same physical environment, a.k.ao-location.

02 | Visibility A and B canot see each other.

03 | Audibility A and B communicate by speakindput canmnot hear each otherclearly.

04 | Cotemporality | A and B receive information produced by other members, witdelay.

05 | Simultaneity A and B canot send and receive information simultaneously

A and Bdo not receive information in a sequential, consecutive manner, e.g.
06 | Sequentiality emails a message andtheir replies can be separated by other irrelevant

messages.

] . A and B canot review the information produced by each other. In face¢o-face
07 | Reviewability o i ) o
communication B might forget what A saidunless the conversation is recorded

o A and B canot review their own information to make it clearer before
08 | Revisability .
transmitting the message to the other one.

When the medium has one or more constraints, the cost for a grounding technique may
become too high; therefore alternativegrounding techniques should be applied. Theres
a total of eleven costs that can vary and are not independeat each other. These asts

are presentedin Table2.2 (Clark & Brennan, 199).
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Table 2.2. Costs in grounding techniques

Cost Description Paid by
) More time and effort required to create and revise utterances and t
Formulation . - Speaker
produce more complicated, unfamiliar and/or perfect utterances.

) The effort required to produce information may vary according to the
Production ) o . o Speaker
medium, e.g. speakg is very fast while handwriting is very slow.

Generally listening is easier than reading. This cost also involves waitin

Reception while the speaker produces amessagez i.e. high cost in keyboard Addressee
messaging.

Understanding | Higher costs when specific words or constructions are used. Addressee
The cost of starting a new conversation cost involved in getting the

Start-up ] ) Both
addressee to notice thathe speaker wants to speak with them.
The cost involved in delaying the production of an utterancéor a more

Delay careful detailed plan, revision and executiorz delay costs small in email| Both
and letters, but high in faceto-face conversation.
The cost involved in the timing of producing and receiving messages

Asyndhrony . Both
asynchronous media.

Speak The cost associated witithe effort required for one person to stop and

peaker o . o
ch the other person to start the communication. Low cost in media wit co- | Both
ange I _—

presence, visibility and audibility.

Display The cost of displaying norverbal cues, such as gestusgnods, eyegaze | Both
Fault The cost involved with producing a wrong message. Both
) The cost associated with repairing a wrong messagend producing a
Repair Both

new, correct one.
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Figure 2.2 summarizes the two common ground factors and theai concepts mentioned
previously. Overall, human communication isa collective activity that requires
coordinated actions from all parties involved(Clark & WilkesGibbs, 1986 Isaacs & Clark,
1987; Brennan, 1998 Grice, 1970Q. The most important communication aspect to
consider is that the addressee has received and understood the information as expected
by the sender,therefore reaching the grounding criterion of mutual belief(Clark &
Brennan, 199]). Different techniques, which vary according to the media and purpose of

communication, can k@ used by group members in ordeto achieve this common ground.
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Figure 2.2. Common ground factors and their concepts
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2.2.2 Technology -mediated communication
The study of humanto-human communication mediated bythe use of technology is
relatively recent. It was not until the late 1960s that the Internet and computer
technology were advanced enough to allow remote communication by users all around
the globe. This was initially restricted to military uses, but it vas then progressively
expanded to computer scientists, academics, business people and finally to popular use
in the 1990s (Schiffrin, Tannen, & Hamilton, 2008.
A new area of research was then developegdComputer-Mediated Communication (CMC).
CMC is defined as a wide range of technologies that aid human communication and the
sharing of information through computer networks (Barnes, 2003. The driving force in
CMC is the Internet, which is described as a network of networks. Examples of CMC
communication include email messages, newsgroups, instant messengers, multiplayer
games, videeconferencing etc (Herring & Androutsopoulos, 2015).
All the communication grounding concepts described earlier in terms of medium,
constraints and costs arevery relevant to CMC, and they form the basis of this area of
study. Initial technology-mediated communication was asynchronous texbased in a
poor medium with only a visuakttextual channel of communication and with many of the
constraints described earlier such as lack of cpresence, audibility and visibility
(Schiffrin et al., 2009. This can lead to high costs in formulation and reception. However,
technology has evolvedat a rapid speed and nowadays it is possible to have a rich
technology medium with not only visual but also gestural and audible channels such as
video-conferencing, which can have almost the same attributes as a faceface
conversation (Barnes, 2002; Herring & Andraitsopoulos, 2015).
The type of technologymediated communication and its purpose are directly

interconnected. There is no technologymediated communication that is suitable for all
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purposes. Sone types of conversation are preferred in one medium due to their costs
(Finholt, Sproull, & Kiesler, 1990. People prefer to use email to coordinate activities, but
prefer faceto-face interaction when they need to reach consensus. When more
participants join the conversation, some costs may become greater and changes needed
in the medium if it does not support more than two people
Feedback in CMC enables the users involved in the communication to regulate the flow of
messages by allowing the sender to know when and how a message was recefiiaines,
2002). This concept of feedback in CMC is closely related to the common ground costs of
reception and understanding of anessage.
CMC has other variables that can influence usage and the language used in
communication. Some technologymediated communication can impose limits on
message siz€éCherny, 1999, on whether anonymous communication is allowedSelfe &
Meyer, 1991 and on whether is possible to block specific usergLunsford, 1996).
Moreover, some types of communication can have different degrees of social
accountability, i.e. whether messages are publicly posted to anyone or whether a
restrictive type of subscription is required which limits the number of uses with access
to the messagd Schiffrin et al., 200§. The cardinality of communication, i.e. if a message
is sent to only one person or to multiple people, also has an effect on the language used
to communicate(Baym, 1999.
The type of technologymediated communication used and the situational context have
an effect on the linguistic structure used to communicate, which is in accordanwgth the
principle of least effort of ground in communication(Schiffrin et al., 200§. Therefore, the
language used can be shorter with the use of abbreviations. Moreover, due to the lack of

audio-visual and social cues in some media, users need to develop compensatory
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strategies to convey their meaning Schiffrin et al., 200§. An example of such strategy is
the use of emoticons (ie. smiley faces) to represent facial expressions and feelings.
Users may feel constrained in using technology to exchange messages with other users.
According toBos, Olson, Gergle, Olson, and Wright (2002he CMC tasks that are most
inhibited by the type of media used to exchange information are the ones thaave a high
affective component or wherecontext plays a major role.Exchange of messages using a
DDCD is highly influenced by the context and ay show an affective component.
Some of the various factors described in the previous paragraphs, which influence
technology-mediated communication, also have an effect on the interaction between

drivers. These factors or variables are explained in detaih Chapter 04

2.2.3 Non-verbal communication

Human beingscan communicatewith each other by using more than word¢LaFrance &
Mayo, 1978. They can speak with different tones of voigantonation, pitch and volume
levels. They can alsobe close or far from each other and have different bodgostures and
movements. Theexternal appearance, i.e. thevay people dressand look can transmit
information about their age, personality and economical, professional and social atus

( EAT OCE B and bvencseng & message as to what kind of person they might A#.
of this can be gen as nonverbal communication.

Therefore, ronverbal communication can be defined as a form of human communication
that does not use spoken or writen words (Knapp, 2012 LaFrance & Mayo, 1978
Nonverbal communicationshows traitsofaD A O OT T @nélity and én@tional feelings
(LaFrance & Mayo, 1978 Nonverbal communication is also used to manage the flow of
interaction. Examples ofnonverbal cuesin human communicationare attire, eye gaze,

facial expressions posture, distance, and listener responses.
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According toKnapp (2012), when observing nonverbalcommunication, it is important to
analyse the physical space, the characteristics of the communicator arileir body
movements (e.g. gestures, postures, touch, and eygvements). It is also crucial to
analyse nonverbal communication together with any sort of verbal comunication
because one can substitute, conflict, complement, repeat or regulate the oth{&endon,
Sebeok, & UmikerSebeok, 1981 Knapp, 2012.
Kendon et al. (198) state that for a better understanding of nonverbal behaviour one
mustiil OAOOECAOA EI x EO AAAAT A PAOO T &£ A DA
situation it has been used and the rules explaining how it conveys informatiofihe same
nonverbal behaviour may have different meanings depending on how the person
acquired that behaviour, the situation it is usedn and what it means to the person. If the
interlocutor does not pay attention to the conversation, a specific nonverbal behaviour
could be misinterpreted as an emotional feeling whereas in fact inight be a cultural
convention (LaFrance & Mayo, 1978
" EAT OCEE) pdintsjout thigp the way people dress has an effect on communication
because itoffers substantialinformation about them. A former US Secretary of State even
used different brooches to express her moods and opinionSimilarly, people in the UK
use a red poppy brooch everyearto show their respectfor members of thearmed forces

who have diedon duty.

2.2.3.1 Non-verbal driver communication

Most communication between drivers is nonverbal. Drivers may opt to use a formal
method of communication by using the vehicle indicators or an informal method (e.g.
honking the horn, flashng headlights) to communicate to other drivers their intentions

(Renge, 2000. Drivers canalso use different gestures (e.g. raisg the hand to say thank
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you), which tend to vary among different cultures(Lorenz, 2002. When possible,eye
contactisanl OEAO Ei DT OOAT O AOA O1 DOITi1T OA OAEA
intentions (Rakotonirainy, Schraeter, & Soro, 2014. These formal and informal rules are

reviewed in detail in section2.3.1

2.2.4 Conflict resolution

The world has always abounded with conflictsThere is a chance of a conflict lweg
created whenever there is a difference in views between two or more people. Conflicts
can take the form of one nation against the other (e.g. war), or between people from
different cultural backgrounds (Deutsch, Coleman, & Marcus, 20)1Conflicts can occur
professionally or socially, in families, in intimate relationshipsin fact between any two
or more people No matter what type of conflictoccurs, communication between both
parts is essential foraresolution (Deutschet al., 2011).

Conflicts can also occur when a person has a subjective interpreta of an objective
behaviour againstthem. The study bySmith, Phillips, and King (2010 investigated the
nature of this low level interpersonal incivility which happens every day aneverywhere,
not only in poor violent urban areas. Incivilities like the ones studied bysmith et al.
(2010) are often trivial and can happen inordinary places where people usually go at
least once a week (70%)and the perpetrator being consideed quite respectable by most

people (49%).

2.2.4.1 Conflict resolution in the driving context

Low-level incivilities are very common to the automotive scenario. Exmples of low level
driving incivilities are suddenlane changes, tailgating, driving too slowly, parkingpadly
over two spaces or taking too long to respond to a green traffic ligiEmith & King, 2013.

According to Smith et al. (2010, 61% of all low level impolite encounters can be
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categorized as a problem with movement or space management, with the most common
places being streets (29.8%), supermarkets (10.4%), walkways (10.2%), highways
(7.8%) and car parks (6.7%). Moreoverthe study showed that almost 70%of all low-
level incivilities happened while people were in the process afjoing to some place by
walking, by using mass transport or by using their own transport. The study also found
that in almost 50% of the cases, both the victim and the perpetrator @e on the move
(Smith et al., 2010). Dromology, a crucial concept to the automotive scenario, was
introduced by the French sociologist Paul Virilio. He states that our modern social lives
are incessantly related to the ideas of speed and motio{Virilio & Polizzotti, 1986).
Related to this conceptUrry (2000) mentions the importance to the social order of the
flow of people between phces. All of thids in accordance with the fact that movement is
part of our lives and that people spend a great amount of time in motion.
As noticed by Smith and King (2013, there are threehypotheses that could explain
incivilities specifically in the automotive scenario. The first one is related to the
properties of the car (i.e. a metal cocoon with a barrier to visibility and communication)
that removes the human aspect of an interactiommaking it easier to have an aggressive
behaviour or causeincivility (Rakotonirainy et al., 2014. The second paradigmwhich
attracts people to drive unsafelyis based on the cultural meanings of the car as a way
men to expresstheir masculinity or one that promotes power and freedom (Sheller &
Urry, 2000; Moeckli & Lee, 2007. The third approach focuses on the great power of
routine activities and situational factors to understand these incivilities. The more time
people spend on the move (i.e. the greater exposure they have to driving), especially
during peak time, the more chance that they will experienceome sort of automotive

incivility (Smith & King, 2013.
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The automotive scenarioalso hasthe specific characteristic of anonymity. For example,
it is not appropriate to compare a fight in a bar, where two people can clearly see and
verbally communicate with each oher, with a driving incident. As pointed out bySmith
and King (2013 d, Ro@dways are spaces of routine social mixings where gender, age and

other characteristics are maskas(Smith & King, 2013, p. 492

2.2.4.2 Emotions in conflict resolution

)T CAT AOAT h OACAOAET ¢ PAIT PI AGO Ail OEma Al
low-level incivility situation, Smith et al. (2010 point out that the most common
reactions are surprise and anger. The surprise responsé due to the fact that the
incivility happens in an unexpected moment by an unexpected person. According to the
study, almost 70% of the patrticipants felt very surprised or quite surprised by the
incident. Not only anger, but also fear, disgust and indifference were also observed inith
study.

The study found that emotions had a short halfife. Very few participants still felt the
same strong feeling of anger or disgust after the perpetratohad left. The feeling of
indifference however, grew over time for the majority of the caseg¢Smith et al., 2010. As
observed bySmith and King (2013, the feeling of disgust is not particularly common to
the automotive scenario, probably because of the high spageof both victim and
perpetrator and the lack of physical contact. However, the feelings of anger and fear are
quite usualin the automotive scenario.

The study bySmith et al. (2010, correlates the emotional feelings of anger, disgust and
indifferencewith D AT D1 A8 O, ah ddfed Bykelfoffo@ing three social theories. The
German theorist Georg Simmel developed a social theory linking both the behaviour and

the feeling of indifference(Simmel, 1950.In his work, Norbert Elias correlates the feeling
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of disgust to the action of avoidancéElias, 1978. Finally, the father of sociology Emile

Durkheim states that anger leads to a strong sationing (Durkheim, 1895).

2.3 Driver communication

The interaction between road users can be seen aso-operative activity, as there are a
number of actors involved (e.g. pedestrians, drivers, cyclists) who share a common
resource, in this case the road, and by using this resource they have an impact on the
other users as situations can changéPillai & Ray, 2014 Schmidt & Simonee, 1995k
Therefore, the act of driving involves intense forms ointeraction and social participation

in which drivers must constantly take note of the actions of the otherad users(Swan &
Owens, 198§.

Drivers can communicatewith each other in many ways. They can use vehicle devices to
perform actions such as flasimg their headlights, usng the indicator signals or honkng
the horn (Renge, 2000. Drivers can also make eye contact with other drers and/or use
hand gestures orany kind of verbal utterance or nonverbal communicationthat serves
their purpose (Lorenz, 2002.

Drivers interact to make their intentions clear to others. These intentions couldbe to
change lane, turn rightor even to say thanks for an act of courtesy or to show how angry
they are with the manoeuvre made by the other drive(Hutchinson, 2008). Interactions
between road users can be characterized as a full circle, in which person A interacts with
person B and this interaction affects person B in aay that person B responds creating a
new interaction. Interactions between road users can also be unidirectional in which
person A interacts with person B, affecting person B but a new interaction is not created

(Wilde, 1976).
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Driver communication can be triggered by the driver (e.g.flashing the headlight to give
way to another road user) or as an externatesponseto another i T OT Odetior) guch
as braking or changing lanegKendon et al., 198). The main concepts related to driver
interaction lie in the perception and presentation of intent(Renner & Johansson, 2006
Driver interaction can also be seen as a presentation of action and a request for a reaction
(Swan & Owens, 1988
Compared to other methodf communication, which are predominantly based on verbal
communication such as facdo-face, the interaction between two road users can be
considered more anonymous because they are inside the vehicle, hidden and protected
by this semiprivate metal container, whichinhibits the exchange of social interaction
(Rakotonirainy et al., 2014. The interaction between drivers takes a much shorter time
and there are not many opportunities to interact and make point (Esbjérnsson, Juhlin,
& Ostergren, 200%; Goffman, 2009. At low speeds, the driver can make eye contact with
others, but at higher speeds, the driver must make use of the signalling devices available
in the car. With limited interaction, it is difficult to verify the intent of other drivers.
AEAOAEI OAh EALA AOEOAOO AOA 110 AsaA®Adtd £
misunderstandings (Kim, Kim & Lee, 2018, which can then causeaccidents and
collisions, threatening the lives of drivers and passengers. However, it is still possible for
drivers to have an understanding of traffic rulesand usethem to manage many conflicts
with success(Renner & Johansson, 2006A DDCD could allow drivers to send specific

clear messages of their real intentionsavoiding any possibility of misunderstanding.

(

Jonasson (1999 OOAOAO OEAO OEAOA AOA OEOAA OUDPAC

interaction - the rules of continuity, competition and positioning- with courtesy being
the behaviour that holds them all together Roadusers can compete and cooperate with

courtesy to deal with conflicts (Joshi, Bellet, Bodard, & Amditis, 2009 Drivers can also
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make use of the legitimacy of their position to act more aggressively or to force a yield.

For example, it is considered impolite if drivers try to interrupt the movement or flow of
others, unless they have a legitimate position to do so and thether drivers have
negotiated this interruption (Jonasson, 199%

According to the results of one experiment, which focus®on a scenario ofa car following
another one drivers change their actions if they notice that the behaviour obthers
becomes more unstabléSaad & Mundutéguy, 202). If drivers cannotaccurately predict
what the next intentions of others arethey tend to intensify the monitoring and/or take
some sort of action suclas change lane or reduce speed.

As pointed out byZaidel (1992), there arethree ways in which social environment can
EAOA Al AEEAAO 11 AOEOAOO8 4EA EZEOOO EO
and uses it as a clue to whathey should do. The second way idy using explicit
communication between drivers which can behighly beneficial to reduce conflicts and
to make the actions of others clearerThis explicit communication can only be clearly and
effectively made using a device such as a DDA@Dthe third way, drivers cancompare
their behaviour to others. They may compare theiway of driving or their speed(Zaidel

, 1992).

Joshi et al. (2009 define the concept of accountability to understand vehicle movement
in traffic. According to the authors, drivers make their actions observable to everyone in
the road environment. An example of such an acin could be to reduce speed to allow
drivers to merge into their lane. Therefore, it is the responsibility of all road users to
recognise what drivers are doing. Failing to do so can result in dangerous driving.

One driver might influence the others to dasomething. But this other driver might also
imitate the first one, even if this was nottheir intention initially (Wilde, 1976). People

who are imitating may have a strong belief that what they are doing is the correct action

34



Chapter twoz Literature review
and also must be sure they have the required abilities to perform the actiofZaidel,
1992). One studyshowed that drivers are like sheep imitating the behaviour of others
even when this behaviourgoes against the formal rulegWilde, 1980). Another study by
the sameauthor showed that when drivers used the right indicator before turning right
on a street there was an increase in others doing the same if their objective was to turn
right as well. This imitation was also performed by pedestrians that crossed the roado

the red light when another personwas doing the saméwilde, 1980).

2.3.1 Formal and informal rules

The main objective of most road users is to reach their destination safely. In order to
achieve this aim and move from point A to point B, they must share the road with other
users. During this time, drivers must be able not only to avoid fixed obstacles such as
trees and road signsout also movable ones like othercars, pedestrians and animalghat
may cross the road Applin & Fischer, 2015 Bj6érklund, 2005).

It is usually easy to predict the road, which does not change very ofteespecially if the
driver uses the same roaconstantly (Riener & Ferschg 2013). The other dOE OA OO &
and direction of movementare constricted by the environment and therefore also fairly
predictable. However, it is much more difficult to predict other A O E Oidtehidds.
Goffman (2009 defines traffic codes as a set of rules that allows vehicles independent
use of roads in order to move from one point to another. The UK Highway Code
establishes a set of formal rules about how to behave and communicate in certain
situations, for example the use of indicators to turn left oright (Driving Standards
Agency, 2013. However, ot all drivers follow these formal rules (i.e. legal norms). Some
drivers may violate these rules on purpose if theknow the rule is not strict andif they

think they might not be punished(Goffman, 2009. Others may use a set of informal rules
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(i.e. social norms) or signs to enhance the interactiosuch as flasing the headlights
(Lennon & King, 2015 Lurie, 1968; Wilde, 1980). This informal interaction may not be
understood by all drivers and may lead to accidents when two drivers follow opposite
rules (Bjorklund, 2005; Factor, Mahalel, & Yair, 2007Fleiter & Watson, 2006 Pillai &
Ray, 2019.
Cialdini and Trost define an informal rule as a nornunderstood by a group of people that
limits social behaviour without the use of the law. This norm may not be explicitly stated
and may be created based on camon interaction between users Any approvals for not
following these rules explicitly come fromsocial networks and not the legal system
(Cialdini & Trost, 19998.
Informal rules may be used because other drivers have a lack of understanding of the
formal rules, which can beunclear. The design of the road or the situation may not be
appropriate to make use of a rigid formal rule(Bjorklund, 2005), or there may bea lack
of explicit formal rules that could cover all kinds of situations experienced by drivers
(Janasson, 1999. There will always be events in which road users need tmake their
own best judgement
)y T £ O0f Al 001 A0 AOA Oi1 1 AOGEI frage, OdneEASKD A20LA O
I O OAT Qanésdom 1FOY due to the fact that these rules are usually employed in
situations in which a driver needs to act politely to avoid moral judgement¢Lennon &
King, 2015. Renge (200Q classifies these informal rules not only in terms of social
etiquette but also into four other categoriesz (1) orders, (2) notices, (3) emphases and
(4) expressions of displeasure.
One problem with the current setup of formal and informal rules is that,similar to
homonymous words, the same message (e.dlashing of headlights) may represent
different meaningsO O A E9 IA®O OEAAATE® CEOATE®D Qi1 odhGA O & ADHO
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UT & ET & hud@Rerigel 208). Bvdn though the contextual variables narrow down
this messageit may still be unclear to the other driver what the reason for the message
is. The problem is causedot only by the limitation of the dashboad instruments of
vehicles, but also because informal rules are usually not shared and known by everyone
(Wilde, 1976).
Lurie (1968) mentions that are some scenarios in which a formal rule is more
appropriate, while there are others in which informal rules coud be used. A pedestrian
may cross a road on a red light ifhey are sure no car is coming. As discussed by Lurie,
o1 i A EAAOT OO0 AAI T AA OOI AEAI AEOI OCAT EUAOQE
AAAOT OO0 1 Au ET AT OAA AOE OA am&ndwn Eoadd @gnBxpeadtedd T A 2
weather conditions (e.gsuddensnowfall or icing overwhich makesthe road slippery and
dangerous, and contradictory rules such as the fact that drivers should flash their
headlights to overtake but this may causéemporary blinding (Fleiter & Watson, 2006
Lurie, 1968).
There are situations where it is inappropriate to apply a formal rule. In heavy traffic, it is
better for vehicles to maintain a shorter distance from the car in front than keep the same
distance stated in the Highway Code. This is actualtpunterproductive because if the car
keeps a greater distance, another vehicle might cut and occupy the spacéWilde, 1980).
Drivers should speed up to match thepeed of traffic on a motorvay. Driving too slow in
this situation can be considered a dangerous actiof@uhlin, 1999.
Wilde claims there are four different types obehaviour that road users may display and
that can create a conflic{Wilde, 1976):

a) Behaviourin accordance with both formal and informal rules;

b) Behaviour in accordance with forma)but not in accordance with informal rule;

c) Behaviour in accordance with informal but not in accordance with formal rule;
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d) Behaviour not in accordance with any rule
Drivers may become confused when thegxperiencebehaviour from other drivers which
is not in accordance (i.e. not predictable) with their expectationgJuhlin, 1999. Onereal
example of such a conflict of behaviours is of a middieged woman who had four
accidents in four years, none of which was her fault. She was too cautious when crossing
roads or entering roundabouts and other drivers ended up itting her car from behind
(Johnston, 1973.
Another example is of intersections, very common in Europe, when drivers are unsure
who has the right of way. Drivers usually have the right of way on streets that are given a
EECEAO OOOAOO0O6 AU OEAiI 8 4EEO ET A&l O Al E|
pavement type, level of lighting, presence of shops etc. Drivers on busyide roads
usually do not give way to otherseven if the others have the right of wayWilde, 1976).
Drivers tend to communicate their intentions to others in advance to avoid possible
conflicts and accidentg Tomasello,Carpenter, Call, Behne, & Moll, 2005A combination
of both formal and informal rules may be applied in this situation. For exampleyotorist
A, driving on theleft in the UK wants to turn right at a junctionwith oncoming traffic but
is unsure aboutwhen it is safe to turn They can use their indicators (i.e. formal rule) and
wait. Driver B, in an oncoming car, notices the intention of Driver A and reduces their
speed (i.e. formal rule) while flashing the headlight (i.e. informal rule), which would
indicate to Driver A that they can start turning right and safelyperform the manoeuvre
(Portouli, Nathanael, & Marnaras, 2014.
Differences may occur even in a population from the same country and cultu¢eennon
& King, 2015 Swan & Owens, 1988 Drivers from a regionwith many roads with heavy
traffic in one part of USA (e.g. Boston) have different behaviours and usually do not give

way compared to drivers from calm streets in a small city in Kansas where courtesy takes
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an important part of driver interaction (Wilde, 1976). These different behaviours may
create confusion and misunderstanding.
Other factors may also cause accidents even for drivers from the same area with similar
behaviours. When the amber traffic light is about to turn to red at the moment the driver
is crossing it,they must make a decision whether to stop or not. This couldead to
different expectations from another driver behindthem and a crash might occufWilde,
1980).
Goffman (2009 states that traffic coordination is notalways dependent exclusively on
explicit communication between drivers. According to the author, driversmay also
provide progressive evidence to the other btheir intentions of movement, a small step
at a time, which can lead to sustained trust. These trust conditions are reassessed all the
time. However, driver communication is stillessential in other driving situations not
explicitly related to course ofmovement, such as an apologetic respons® unexpected
driving behaviour (Goffman, 2009.
Informal rules can vary not onlyaccording to the infrastructure, but also according to the
individual road users involved in the interaction.Young drivers may not have theorrect
mental modelof the road. They are taught only the formal rules in driving school and they
learn the informal ones by interacting with experienced drivers. This can lead to a
situation where the experienced driver expects a different behaviour from the novice
(Renge, 2000 Saad & Mundutéguy, 2002 Novice drivers in Norway learned when to
reduce themain beam headlightsfrom experienced driverswho flashed their headlights
to them if they took too long to do so. The study bgaad and Mundutéguy (2003 states
that most experienced drivers, with their extensive driving knowledge, may use more

ET £ Oof A1l 001 A0 01 O AA OO Actiohs tha®driovic® dride@E O A O ¢
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Dannefer (1977) defines identity-AAOAA OO1 AO ET xEEAE AOEO.
coordination is affected by stereotypes of the make and model of the vehicle and if the
other driver is a learner or anelderly person. Experienced drivers can become more
helpful in traffic interaction when they noticed the other driver is a learneJuhlin, 1999.
A study byDoob and Gross (1968determined that drivers becomemore frustrated and
make more use of the horn if the carthat stalls in front of them is an old vehicle or a
vehicle driven by a man. Anothe study found that participants expected drivers of a
sports car (i.e. Audi TT) to drive fast and overtake therPortouli et al., 2014.
Lennon and King (2015 proposed a framework to establish the relationship between the
use of informal rules and aggressive driving. The framework takes into consideration the
notion of two-way responsibility (i.e. courtesy), acknowledgement and responses to
breaking the informal rules. Overall, the framework shows that both positive and
I ACAOEOA OECT Al 1l ET ¢ AEOAAOI U AEEAAOO OEA |
With the adventof automated cars, mformal explicit communication between occupants
of two or more vehiclesis still very important and necessary especially in a mixedtraffic
scenario. One piece of esearchshowed that attendans of an autonomous passenger
shuttles sometimes haveto use non-verbal communication such ashead nods, gestures
and lip-reading to coordinate and manage the traffic situation with a manuatar (Eden,
Nanchen, Ramseye& Evéquoz, 2017.
There are some sitwations in which road users might resort to informal rulesif there are
no formal rules defined by the Highway Codéonflicts between drivers could be reduced
in these situationsand safety enhanced if drivers had a way to communicateith each
other or to many drivers at once using a device that would be both similar to a walkie
OAl EEA | EOAA &(wAkie,@g76) Brd v A Citizens Band (CB) radio used mainly

by truck drivers (Applin & Fischer, 2015;Dannefer & Poushinsky, 1979Packer, 2003.
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This device wouldreduce the ambiguity in the emission and reception of messages and
can produce more effective and comfortable social interaction between driverd&kenge,

2000).

2.3.2 Models of driver -to-driver interaction

Driver modelling aims to explain and understand human performance(Renner &

Johansson, 200% This secton presents an overview of several models found in the
literature that are relevant to the interaction between drivers These models are
reviewed in order to have a clear understanding of how drivers interact with other
drivers and also to understand if here are any gaps that could be fillethy this research

Initially these models, presented in the nextsubsection, limited their focus to a single

driver. Models that are more recent such as the ones described in thsubsequent

subsections,describe coordination between two or more drivers, their interactions and

behaviour. Some of the models reviewedsuch asthe LMDI model presented in section
2.3.2.2 have #ready been applied directly to driverto-driver communication scenarios

with success.

2.3.2.1 Joint-action control model

As mentioned in section2.3.1, when travelling from point A to point B drivers need to
share the road with other moveable objects such as drivers and pedestrians, while at the
same time avoiding fixed obstacles such as trees and sigii$e first model reviewed aims
at understanding the main tasks required while driving and how this interaction with
different actors occurs.

Renner ard Johansson (200% proposed a model based on a combination of the extended

control model (ECOM) byHollnagel, Nabo, and Lau (2008and the action coordination
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model by Clark and Brennan (199). This combined model deals with both individual and
coordinated activities that drivers require while driving every day.
A review first of the models which led to the ECOMIll give a clearer understanding of
how the model from Renner and Johanssowas developed The initial model proposed
by Hollnagel et al. (2003 is called Joint Cognitive System (JCS). In this modhE system
and humans are seen as single whole system that can adapt and change to achieve a
goal. Each component of the road scenario can be coupled to another to form a system
and this system can be coupled to othersomewhat similar to the Russian Matryoshka
dolls. To begin with, the drivess and their vehicles are a system. Thealrivers and their
vehiclestravelling on the road are another system. Driversravelling on roads with other
drivers are also another systemHowever, rot all elements of the driving scenario can be
considered parts of this whole system. The weather is considered an eronment and

drivers cannot change it (sed-igure 2.3).

Joint cognitive system

Joint cognitive system

Joint cognitive system

Figure 2.3. JCS modeby Hollnagel et al. (2003 )

Based on the JCS8lolinagel et al. (2003 defined another model called Contextual Control

Model (COMO). In this model, the humans or systems have a goal, which is described as a
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construct. To achieve this goal an action must be taken. Tieewill be a response to or
feedback from this action, which can change or not their construct. This will then
generate another action and the cycle continues. An extended version of this model was
then proposed. This is calledhe Extended Control Model ECOM) and focuses on a set of
four tasks that are performed at the same time. The four tasks are targeting, monitoring,
regulating and tracking. Each task creates an input for theext one. The first task,
targeting, is mainly related to goals (higher ordwer level goals) and their priorities. The
secondtask refers to the act of monitoring the traffic and the system. The third one,
regulating, is related to tasks such as checking speed while the last tagkacking, is
related to the actions of changingdnes, gears and are performed automatically by most
human drivers. The first two tasks are more anticipatory while the third and fourth are
more compensatory(Hollnagel et al., 2003. Although in this model the other drivers are
included as part of the process (i.e. environment), it does not take into consideration
communication between drivers and how they state their intentions.
Clark and Brennan (1991} proposed a model based on the concept of common ground
which is more focused on the interactios between humans. This concept of common
ground was thoroughly examinedn section2.2.1. Common ground in the road contexs
the knowledge of signals and trafft rules and depics interactions that happen very quick
and automatically.
Rennerand Johansson (2006 combined the common ground model proposed byClark
and Brennan (1991), which focus more on human interaction with the ECOM model
proposed by Hollnagel et al. (2003. This newly created model is called Joint Action
Control Model (JACOM), which can be seenhigure 2.4.
Although this model is relevant to driver-to-driver communication, as it takes into

consideration the interaction betweenmotorists, it does not anticipate theintent of the
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other drivers (Portouli et al., 2014. The next model reviewed tries to address the
DAOAADPOEIT AT A b Oiktend witicA i© &dcibl foil cdbrdifadich @ Ar&ifio 6

and for effective driver -to-driver communication (Wilde, 1976).

Pesssssssssnss Common ground ~ “ " >

Initial common ground

. Publicevent

Entering 1 Exit

c = Perception of intent :

Presentation of intent

Coordination

* Mulh e layers of control

Shared physical environment

Figure 2.4. Joint action control model (JACOM)based on Renner and Johansson (2006)

2322, ET COEOOEA 11T AAl 1 £ ine@&iGPAOOS6 AT 11 OT EAA
Similar to the model discussed in Craig (1999),he model described by Portouli,
Nathanael, Marmaras, and Papakostopoulos (2018hows how interactions between two
drivers operate (see Figure 2.5). First of all, the driver must show thatthey want to

perform a manoeuvre. This can be considered as a request to the other drivers. Then, the

other driver must notice that the driver making the request wants to perform a
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manoeuvre. This procesanbe understood as a translation of the physical sign and the
specific situation to an intended action (e.g. turning on thandicator means thatthe driver
wants to overtake). The other driver must then show to the driver making the request
that they haveunderstood their intentions. This could be another action, such as moving
to the hard shoulder or slowing down. The driver making the request would then notice
that the other driver had understood their request and start making the desired
manoeuvre. A similar three-part model of symbolic interaction was proposed bySwan
and Owens (1989. In this model driving interaction consists of (1) the indication of an
action by one driver, (2) the interpretation of the action by the other driver and (3) their

responseas a resultof this interpretation.

Physical
Symbolic cues cues

Driver A declares i Driver B correctly

intent before . perceives Driver A's .
manoeuvre starts " intent

. Driver Acorrectly
¢ perceives Driver B's !
reaction

Driver B reacts
(modifies
trajectory)

Symbolic cues

Driver A starts
manoeuvre

Figure 2.5. Linguistic model of drivers' communicative interaction based on Portouli et al. (2012)

The original model of cooperative interaction was revisited and updated biPortouli et
al. (2014) and a new model based on speech act theory was then designed. According to

the speech act theory, a locutionary act involves the speaker uttering words with a certain
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meaning. At the same timea locutionary act occurs an illocutionary actalsotakes place
(Austin, 1975). The latter conveys a more geeral purpose and according td&earle (1975
can be classified as:
1 Directive z act in which the person needs to take some actiorregarding the
requests, commandsor advice
1 Commissivez act in whichthe person needs to commit to a future activity such as
a promise or oath
1 Declarativez act that change the reality in accordancewith a proposition
1 Expressivez act in which the person shows their attitudes and emotions to a
proposition
1 Assertivez act in which the personis committed to the truth
In the driving context, illocutionary acts are mostly nonverbal and could be, for example,
the use of horns or flashing headlightswhile its related illocutionary act could be a
request to free the lane. TheBT COEOOEA |1 AAl T &£ AOEOAOOS
(LMDI) models the interaction between drivers as a sequence of illocutionary acts which
are easily transferrable to the driving context since these acts are finite and universal in
nature (seeFigure 2.6).
Most driving illocutionary acts could be classified as either directives (i.e. a request or a
command), or commissives (i.e. acceptances or rejections of the directive). The result of
the interaction canchange the reality (e.g. the driver would start a manoeuvre based on

the outcome of the interaction) and can therefore be considered as a declarative act.
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1. Uncertain situation:
Common Ground is not
enough for safe prediction.
Need to agree on a future
common motion plan

2. Directive (request or 3a. D.river B
command): Driver A perceives act :
communicates intent before ERS IO ;
manoeuvre starts
3b. Driver B

correctly interprets
Driver A's intent

6a. Declarative:
Driver A starts
manoeuvre

e Sh. Driver A i
; correctly interprets  :
Driver B's intent

...................... ~4
6b. Declarative: T 4a. Commissive(acceptance 4b. Commissive(rejection of
Driver B cancels ST of the directive): Driver B the directive): Driver B
manoeuvre 5a. Driver A reacts (i.e. modifies reacts (i.e. does not modify
perceives act trajectory) trajectory)

Figure 2.6. LMDI model based on Portouli et al. (2014 )

This model was supported by empirical evidence of enoad observations and analysis of
comments from drivers in several different communication scenarios. One scenario
which was observed is the situation where a driver wants to turn rightinitially, driver A
needs to submit a directive forto turn right to driver B using their indicators as an
illocutionary act. Driver A needs to wait until driver B has responded to this directive
before performing the manoeuvre. Driver B can acknowledge and respond to this
intention of manoeuvre by flashing their headlights and slowing down. Driver A can then
perceivethis as an indication that driver B has accepted their directive act ahcan then
start the manoeuvre.

The LMDI model takes into consideration mixed interactions between humans and
driverless vehicles This model was later evaluated in a study which founthat, by using
it, the design of cooperative driving support and highly automated systems can be

enriched (Portouli et al., 2014. However, this model does not take into consideration
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factors that can influence the communication between drivers such as risk estimation and
context. The models reviewed in the next two susections are based on some of tlse

factors.

~

2.3.2.3 ModelsT £ A OElidnios A
$OEOAOO ET OAOPOAO 1T OEAO OF AA OOAOO@uhl] OAIT
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driver receives information from the environment, which includes the physical
structures of the traffic and also the informal and formal rules (i.e. The Highway Code).

The driver alsoreceivesinformation from their own vehicle regarding speed, direction

and information from other vehiclesor road users(Wilde, 1976).

Based on all this information, the driver will generate a hypothesis about the
environment, the behaviour oftheir car and other carsAfter receiving more information,

the driver may changetheir hypothesis or not. For instance, a driver may warto confirm

their hypothesis that another driver who turned ontheir right indicator will indeed turn

right by waiting to see if the car slows down andtarts to turn to the right.

Whether this hypothesis is confirmed or not it will generate a SubjectiveEstimation of
Danger(SED)(Forlizzi, Barley,& Sede). If the level of SED is less than whatasceptable

to the driver they will continue to drive without altering the path of the vehicle. However,

if the level of the perceived risk is higher than expected, the driver will then make a
decision about which action(s) to take in order to reduce this level of SED. The decision

they make will lead to long term, short term and/or momentary action(s) that are
inputted into the vehicle, which will then respond accordingly. This makes a change in

the scenario and the loop then starts again with the drivereceiving information from the

environment, their vehicle and other vehicles.
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The accuracy of execution of all the actions in this model depends on the cognitive state
and the motivational state of the driver. These two factors depend on the modulating
factors (e.g. age, sex, personalitypreoccupation level drug consumption, alcolbl
consumption, fatigue etc.). These modulating factors also reflect on the levels of
perceived risk tolerated by the driver. There is a relation between the modulating factors
and accidents. Some of them are knowmhereas others are less well known and

according to Wilde (1976) this model could be used to analyse them.

2.3.2.4 Driver -to-driver interactio n model

Ba and Zhang (2012 propose a framework of driver -to-driver interaction in which,
similar to the previous model byWilde (1976), states that individual factors (e.g. age,
gender, experiene) and external factors (e.g. technology, context) have an effect on the
interaction between drivers. The authors also state there are four attributes associated
with the driver -to-driver interaction process, two ofwhich relate to the relation process
and the other two relate to the emotional process:

i Attitude z a clear attitude (either positive or negative) about any driving
behaviour, can have a positive effect on changing the behaviour;

1 Attribution z drivers are subject to attribution biases towards other drivers as
pointed out by Bjorklund (2005). For example, drivers who perceive other drivers
speedng up are more likely to speed upthan drivers who do not have this
perception.

1 Stressz driver interactions in complex traffic environments can increase stress
levels which can also incease the number of errors, lapses and violations

(Westerman & Haigney, 200).
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T EmotionzAOE OAOOGS cah Adalikrédms ad&3ult of their emotions and the
interaction between drivers is a source of different emotions.

The interaction process also differs if the drivers are in Aurry to reach their destination
or not (Ba & Zhang, 2018 4 EEO ET OAOAAQEIT DHOIT AAOGO
behaviours, which then has an effect on the response of the main drivgiNass et al.,
2005). This process occursfollowing traffic rules (either formal or informal). The
framework can be seen irFigure 2.7.
This model does not take into consideration the use of &nspecific electronic
communication device to manage and improve the communication between drivers. The
last model reviewed focuses o the interaction between humans and technology to

improve the interactions between drivers, vehicles and the environment.

Individual factors

AGE EXPERIENCE GENDER PERSONALITY IMPAIRMENT

¥

Rules Interaction process

Other drivers' behaviours

Formal Rational process

Informal 4 - Attitude
> - Attribution
4

Emotional process
- Emotional status
- Task stress

Response behaviours Goal

- Not urgent
- Urgent

T

External factors

TRAFFIC VEHICLE

SUAMRE ENVIRONMENT TECHNOLOGY UL

CONTEXT

Figure 2.7. Driver -driver interaction model based on Ba and Zhang (2012)
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2.3.2.5 Driver -vehicle confluence model
None of the models previously discussed provides details on the input/output modalities
used by motorists while driving, and the information exchanged between vehicles and
between a driver and their vehicle. This is one of the maiaspects of the drivervehicle
confluence model proposed byRiener (20123, which is presented inFigure 2.8. The
model is based on the concept of humaoomputer confluence, which aims to investigate
the relationship between humans and technology to propose novel forms of interaction.
The model combines all information coming frondrivers, vehicles and the environment
in order to improve the interaction between all actors involved in the process. However,
contrary to the other models in which the driver is responsible for perceiving a situation
and reacting to it, in this one the an is for the vehicle to implicitly recognise the
behaviour of the driver and react to it accordingly.
The model describes different input and output modalities. The model proposes the use
of implicit input such as the use of Brain Computer Interface to mimise driver
distraction and workload in the interaction between the drivers and the vehicle controls.
Alternative output channels are suggested, for example the use of tactile and subliminal
feedback or olfactory stimuli in order to reduwce the overused \sual channel.
Similar to all other models, this one is closely linked to the idea of social interaction on
the road. Two driving scenarios were evaluated in which the concept of drivarehicle
confluence can be applied. In both scenarios, information abodiie environment (i.e.
weather and road conditions) was shared with motorists in order to make their driving

experience more relaxed.
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2.3.2.6 Overview of models of driver -to-driver interaction
Alltheil T AAT O OAOEAXxAA ET OEEO OEAOEO Al OAO OF
models, such as the ones reviewed in sectior’s3.2.1and 2.3.2.2aim to represent the
coordination mechanisms between drivers. They are based on already established
communicative theories such as common groundreviewed in section 2.2.1 Other
models, such as the ones reviewed in sectior&.3.2.3and 2.3.2.4 focus on a set of
OAOEAAT AOG OEAO EAOA AT AEEAAO highly rAle&an®d A 0O,
However, there is no model that coves both coordination mechanisms and all the
inter nal and external factors that may be involved in different communication scenarios.
Moreover, no model reviewed takes intcaccount the use of a specific communication
device to improve the interaction between motorists. Different factors may have an
influence on driver communication via an kctronic communication device.
By reviewing these models, it was found that there is a gap in knowledge regarding the
use of an electronic communication device to improve the social context of driving. This
PhDresearch aims to provide as one of its objectives, a framework with factors which
influence the interaction between drivers using an electronic communication deviceot

currently available in vehicles.

2.3.3 Social car

The cost of the Internet and cloud storage has deeased and become widely available
over recent years. This advance allows users to access data and connect to the Internet
from anywhere, including in a vehicle. Research shows that 20% of active social network
users make use of these services while in\ahicle, posting content related to the road

environment such as information about traffic updategRiener, 20123. Therefore, there
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is considerable potential to use socially inspird mobility services since nowadays there
are more than 35 million vehicles licensed for use on roads in the UK.
A social or connectedvehicle can be defined asa vehicle that usestechnology to share
any information to promote social awareness to surroundig road users(Rakotonirainy
et al., 2019. According toRiener, Jeon, Alvarez, and Zamboltig€2014 ), social cars must
create true value to drivers by tackling important areas such as the ability to resolve
issues in mass traffic, optimise driving time and vehicle efficiency, protect the
environment by reducing CO2 emission and ensure safetn the road.Research carried
out by Chowdhury (2015), showed that connected vehiclesalso have the potential to
reduce driver aggression and improve road courtesy.
Connected vehicle could improve communication between all road users (i.edriver -to-
driver, driver -to-passenger, passengeto-passenger, driverto-pedestrian, and agento-
agen? (Schroeter, Rakotonirainy, & Foth, 202). Thetechnology to share thisnformation
can be transmitted between vehicles (V2V) or between vehicles and the road
infrastructure (V2I). Drivers could broadcast their information to everyone or just share
it with a specific driver(s).
Theresearchpresented in this thesisis based on the concept afocial cars ADDCDcould
use the infrastructure provided by connected vehicle technology to exchange messages
between drivers. Pioneering research has recently been carried out which covers several
different aspects of social cars. Several examples of diverse areas are presented in the
following paragraphs.
Research has been conducted to investigate ways that drivers carpress their current
emotions, state or mood to all drivers around such dseingin a hurry or in an emergency
situation (Schroeteret al, 2012, Soroa, Wollstadterb, & Rakotonirainya, 2014AWang, Gu,

Terken, & Hu, 2014. Driver aggression could be reduced by the use of alterna@vin-car
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(@}
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AT 11 OT EAAOETT OUOOAI 08 $OEOAOOG At ardei
drivers in many different ways, such as via textual communicationvisual representation
(Liu et al., 2015; Kim et al., 2016dr even a snapshot of a situation with drivers disliked
(Soroa et al., 2014

Drivers canalso share with others anytype of information that is initially available only
inside their vehicle, such as whiclsong they are listening to at the momen{Juhlin, 2010
Soroa et al., 2014Wang, Gu, et al., 2004 or their current speed(Schroeter et al., 2012.
Music has a powerful effect on emotions with several studies reparg it to have a
positive effect on reducing aggressiveness and contributing to a pleasant experience
(Soroa et al., 2014Wang, Gu, et al., 2094Information about the high frequency of use

of the brake pedal on a specific road area can be shared with ntocal drivers to warn

them about dangerous spotgRiener, 20123.

Research has been conductedon drivers sharing information about the road
environment to other road users.Drivers can share information abait road conditions
(Wang, Gu, et al., 20)4such as road works,accidents (Lequerica, Longaron, & Ruiz

2010; "Waze," 20149 and traffic jam (Tan, Zhao, & Wang, 20)2Information about the

road can be presented visually as a camera snapshot of the car in fr¢8broa et al., 2014
Wang, Gu, et al., 20)4%r as a hazardous note pinpointing a specific location on the road
(Riener, 20129. Drivers could also share information about points of interest, such as
restaurants or attractions, which could be presented as a communication betweeiniver

and passenge(Matsumura & Sumi, 2014.

2A0AAOAE EAO A1 01 AAAT AAOOEAA 100 1T1leirOEAC
contacts (Esbjrnsson et al, 2003b), their profiles on social networks(Wang, Gu, et al.,
2014), and any shared interest to other driverd Esbjornsson et al., 2003; Schroeter et

al.,, 2012 Wang, Gu, et al., 2094 However, esearch shows that drivers do not wanto
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allow other road users to invade their personal spacéoo much and become intrusive
(Soroa et al., 2014Wang, Gu, et al., 2004
Social cars can improvepro-social driving behaviour and reduce dangerous driving
(Rakotonirainy et al., 2014. Research has been conducted on sharing ativational
comments for pro-social driving (Knobel et al., 2013, and a gamification approach to
achievements(Schroeter et al., 2012 for eco-driving (Soroa et al.2014), and positive
driving behaviour (Bergmans & Shahid, 2012Kim et al., 2016;Schroeter, Oxtoby, &
Johnson, 2014 Soroa et al., 2014 Wang, Terken, & Hu, 204). An avatar with eye
movements has beenusedtd iA OAAOA AOEOAOOS O1T AEAT AxAOA
sense of social presence andfeelings of intimacy, thereby decreasing anonymity
(Rakotonirainy et al., 200§.
Finally, detailed research on communication between road users has also been carried
out in the last few years. Research focused oreé communication between bus drivers
(Juhlin & Normark, 2000, andtourists driving on a road trip, i.e. motorcadgKnobel et
al., 2012 Thiel, Foth, & Schroeter, 201h Research haslso been conducted oreasyways
to create visual contact between driver and passengerin the same vehicle either the
passenger in the back(Tai, Kern, & Schmidt, 2009 or in the front (Gartner,
Meschtscherjakov, Maurer, Wilfinger, & Tscheligi, 20zMaurer et al., 2014 Perterer,
Sundstrom, Meschtscherjakov, Wilfinger, & Tscheligi, 2013 erterer, 2016). However,
innovative and ground-breaking research is still required on the use of connected vehicle

technology to help drivers communicate with each other to make their intentions clear.

2.4 User acceptance

User acceptance can be defined as the willingness of a group of people to use a specific

piece of technology for a set of tasks, which the system was originally designed to support
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(Dillon & Morris, 1996)8 5 O0A 0 AAAADPOAT AA AT OAOO 110 1

but their attitudes towards technology (Francois, Osiurak, Fort, Crave, & Nawa, 2016).
Early assessment of user acceptance can be beneficial in terms of cost and effort and is
vital for the success of any systeniMeschtscherjakov, Wilfinger, Scherndl, & Tscheligi,
2009). Itis not productive to invest onsiderable effort in designing a system if it is never

or rarely switched on by users(Van Der Laan, Heino, & De Waard, 19017t is of high
importance to investigate acceptance issues in the very early stages of the design process
of new systems, especiallyn safety critical contexts like the automotive one, which is
traditionally replete with emotions (Adell, 2010, Meschtscherjakovet al., 2009 Regan,
Horberry, & Stevens, 2014. Many studieshaveinvestigated technology acceptance in the
automotive context, such as evaluatg the effectiveness of automatic speed limiters in
reducing accidents (Comte, Wardman, & Whelan, 2000 Acceptance of advanced
traveller information systems has also been fullynvestigated (Dillon & Morris, 1996).

There are several models and techniques to measure user acceptance that have been
extensively employed in the automotive contextOnespedfic model and one technique
were applied in this PhD research and, for this reason, are reviewed in the next
subsections. The acceptance model reviewed is the Car Technology Acceptance Model
(CTAM) which was used in STUDY E, a driving simulator study witHow-fidelity
prototypes presentedin Chapter 08 The CTAM is specifically focused on the automotive
context and is derived from two wellstablished models, i.e. Technology Acceptance
Model (TAM) and the Unified Theory of Acceptance and use of a Technology (UTAUT).
The technique used in thiPhDresearde E O OE A 6akdeptafhok Method\(dettionO

2.4.2), which was adopted in STUDY C presentad Chapter 06
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2.4.1 Car technology acceptance model
According toOsswald et al. (2012, generalmodels oftechnology acceptance do not take
into consideration relevant contextual factorsspecifically related to vehicles, such as
environmental conditions, motion and the properties of incar sysems. Firstly,
contextual information such as speed and position of the car are crucial to the driver and
are not specifically supportedby these models.According to the models reviewed in
section 2.3.2, the context of communication with social and environmental factors can
EAOA AT AEEAAO 1 1Seddridly, héA@ESD AR OB A it eRRSIANACD E |
often takes place whiletravelling, when the user hadimited free mental resources,and
when safety is an important issue This is even more relevantto the driver-to-driver
communication contextas there isan extra task involved Finally, high reliability of in-car
systems isvery important to reduce anxiety. Therefore, the models of acceptance
presented earlier needed to be reworked and not simply slightly altered to take these
factors into consideration.
A specific version of the UTAUT models was then designed to be used specificallyhie
automotive context. The car technology acceptance model (CTAM) model takes into
AAAT O1 O Ai1 OAOOAT OEOOAOEIT O DOl GeaAA A
systems. This model expands the UTAUT model by adding to it the determinants of
perception of safety and anxiety. The effect of safety on-tar technology acceptancaiith
the focus on risk and controlhas also been investigated byoshi et al. (2009 and they
found high acceptance othe system being evaluated
The CTAM uses six determinants from the UTAUT model, which play a major role in the
automotive context: performance expectancy, effort expectancy, sociahfluence,

facilitating conditions, selfefficacy, and attitude towards usinga technology. The CTAM
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is depicted in Figure 2.9 with these eight factors and their relagionship with the two

behavioural constructs of intention and usage of technology.

Attitude
towards tech. || Selfefficacy
Performance
expectancy
Effort | Behavioural | Use
expectancy | intention | behaviour
Social
influence
Perceived . Facilitating
safety Anxiety conditions

Figure 2.9. Car technology acceptance model by Osswald et al. (2012)

Performance expectancy can be defined as the degree to which drivers believe that the
in-vehicle technology will aid them to achieve their driving performance objectives.

Effort expectancy is closely related to the ease of use oktystem. The attitude towards

OEA OAAETTITGCGU EO AOEOAOOG 1T OAOAIT T AEEAAOD
i OEAO PAI PI AG6O TPETEIT 11T AOEOAOO8 1 x1 1 DE
construct. The fifth construct is facilitatng conditions, which can be defined as the degree

to which drivers believe that a resource, either technical or human, is available to help in

the use of the system. Seh FAEAAAU EO OAlI AOGAA O1T AOEOAOC
to use the system. Aniety, a specific construct for the CTAM, is how apprehensive and
uneasy the driver feels when responding to a situation. Finally, the last construct,
perception of safety, is defined as the degree to which drivers feel that by using the

system they will improve their well-being and their sense of safetyOsswald et al., 201p

The authors developed a CTAM questionnaire to measure the acceptance ok@hicle
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OAAETT1TCcU xEOE CciTA ETOAOT Al AT 1 OEOOAT AU
higher than 0.8.
The CTAMhas advantages when compared to the other models. The model is more
flexible, as it can be used with or without a prototype version of the system. Moreover,
since it can be used without a prototype it can cost less by allowing modifications to the
systemvery early on in the design proces$Osswald et al., 201P. Based on these factors,
the CTAM was used in a driving simulator experiment describeosh Chapter 8 Rodel,
Stadler, Meschtscherjakov, and Tscheligi (2034isedthe CTAM dimensions of perceived
ease of use, behavioural intention, perceived behavioural control and attitude towards
the technology to investigate driver acceptance of different levels of vehicle automation.
242 6 AT AARAO , AAT 80O AAAAPOAT AA 1T AOET A
This research also used one of the first methods presented to assess user acceptance in
the driving context. According toVan Der Laan et al. (199) any advanced transport
telematics systems can be positioned along a continuum. At one extreme, this continuum
represents systems thatre purely informative such as a radio data system that transmits
messages about road works in which the driver can simply decide whether to accept this
information or not. The other extreme of the continuum is represented bycomplex
systems that can takecontrol of parts of the driving task such as an automatic braking
system, which can be activated in case the driver is too close to the vehicle in front (see
Figure 2.10). For systems at this extreme of the continuum drive@ehaviours are more
restricted and, according to the author, tend to be less acceptdVan Der Laan et al.,
1997). However, no supporting evidence for this wagrovided. Based on this concept,
the author developed a simple andnexpensive technique to measure driver acceptance

of advanced transport telematics by direct attitudes towards the system.
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Informative systems Provision of feedback and support Interventional systems

Free choice of behaviour Restricted behaviour

Figure 2.10.Van Der Laan et al. (1997) continuum
6 AT AAO , AAT 860 AOEOAO AAAADOAT -pdntratidgBdale. A Al
The items on the scalecomprise of pairs of bipolar adjectives covering several
judgements such as effectiveness, pleasantness and desirablendsscontrast to the
CTAM, which defines acceptance in terms of eight contributing factors, the results of the
6 AT AAO , AATS80O OAAI A EOAI O AOA DPOAOGAT OAA
usefulness of the system with more practical aspects, whereas in the other gnibhe
pleasantness of the system is mirrored in the user satisfactioRaay and Kjeldskov (200%
have stessed the importance of usefulness to any system when dealing with its
acceptance. Subjective criteria related to user satisfaction such as aesthetics, pleasure
and fun, is dependent on willingness of us€Sharp, Rogers, & Preece, 2007
This technique had been evaluated with different types of systems such as intelligent
cruise control, collision avoidance systems, and systems that monitored driving
behaviour. The techniquewas usedin different stages of the design process. For some of
these systems, participants had been previously exposed to a prototype version of the
system whereas for others, they were asked to imagine a hypothetical device explained

to them.

2.5 Emotions

One of the objectives of this PhD research is to investigate driv@e® Ai T OET 1T O

OAAAEOET ¢ I AOOACAO OEA OEA s$s$#$8 %i 1 OETI
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AEOT | iTA80 AEOAQOI OOAT AAOHh 111 foxfordl Englis AT A
Dictionary, 1989). Research on emotionssi very broad and encompassemany areas of
knowledge. This section focuses specifically on human emotions in the driving and
computer-mediated communication (CMC) contexts which are specifically related to the
work presented in this thesis.

The effectivecommunication of emotions is an important aspect in CMC. Emotions can be
transmitted in CMC environments using verbal cues (e.g. words or phrases in
spoken/written language using either explicit emotional words or linguistic markers, or
nonverbal cues suctas body language, qualities of voice such as volume, tone etc. or facial
expressions(Harris & Paradice, 2007. Although ways of communicating emotion in CMC
may be different from faceto-face (F2F) conmunication, research shows that this does
not make CMC less emotional or personal. In fact, when differences were found, these
tended to be more frequent use of explicit communication of emotion in CMC when
compared to other media Derks, Fischer & Bos, 2008 The nature of CMC also allows for
an exchange of more intimate questions and disclosure when compared to F@Rdwell

& Walther, 2002).

Extensive research has been carried out on the harmful impact of negative and
uncontrolled emotions on the road. Sadness can decrease attention leading to driver
distraction, and anger can increase road rageausing accidents(Frasson, Brosseau, &
Tran, 2014; Grimm, Kroschel, Harris, Nass, Schuller, Rigoll & MoosmayrQ2) Driving
safety can also be affected by fatigue, stress, confusion and nervousn@sgben et al.,
2010; Grim et al., 2007. A driving simulator study aimed at capturing the effects of anger,
fear and happiness associated with four types of driving errors including aggressive
driver, lane keeping, traffic rules and collision(Jeon, Walker, & Yim, 2014 The main

results suggested that emotions should be considered when designing a scale beyond the
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simple valence and arousal domains. A studgy Kim et al.(2016) with 92 participants
found that emotions that drivers most want to express are appreciation (24 occurrences),
anger (17 occurrences), apology (16 occurrences) and suige (9 occurrences). The
research presented in this PhD thesis adopts different driving communication scenarios
Oi O1 AAOOOAT A OiT i A T £ OEAOA AOEOAOOS OOAO
anger for being cut in front of by another driver, feaf an aggressive tailgate motorist,
happiness to share a common interest and appreciation of being made aware of adverse
road conditions.
Emotions in the driving context were also investigated in a cafollowing scenario
designed in a simulator with findings showing that emotions made drivers change their
driving behaviours (Higgs & Abbas, 2011 Recent research has also been carried out in
ETl x AOEOAOOSE AiTOEIT O AT O1 A AAREyheddtd QAA AU
secure driving can be supported by either adapting the vehicle to the current driver state
orbyatOAl DPOET ¢ O1 AEOAAO AOEOAOOGGE AiiT OEIT OI
One of the most effective ways of enriching nemerbal cues in certain types of CMC is by
using graphical representations of facial expressions, a.k.a. emoji, emoticons or relational
icons. Researchshows that, in order to achieve socially oriented communication,
emoticons contributions in email messages were outweighed by the verbal content
(7 A1 OEAO 0O $ 8)!Inithe foedebntext, @moticons have been succdsby used
ET A DPOIT O1T OUPA &1 O OEA DPOOPT OA T £ ET OAOOEC
emotions displayed graphically on the back windshield of &ar (Kim et al., 201§. A
similar approach has been used othe commercial deviceDrivermotion (2010) .
This PhD research investigated emotions in two studies with a different approach in each
one. Emotions were investigated in STUDY B for each one of the vishaked driving

communication scenarios. Participants were asked to write on post notes their feelings
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when receiving a specific message from other drivers in different driving communication
scenarios Gee pagel4s). In STUDY C, the Seffssessment Manikin (SAM) was used as a
practical tool for measuring emotions éee pagel57). This tool provides a fast and easy
way to respond and it is totally visual, so it can be used with participants from different
cultures and alsochildren (Dormann, 2001; Morris, 095). SAM has been successfully
used to measure emotions in different contexts such as web page evaluation for e
commerce (Dormann, 2001 and an affective evaluation of facial expressiveness
prompted by a wide range of imagegLang, Greenwald, Bradley, & Hamm, 1993More
specifically related to the driving context, SAM was adopted in a driving simulator
experiment to explore a performance and emotion relation model constructed on an

arousalvalence plane Cai & Lin, 2011).

2.6 Summary of literature review

This chapter has reviewedthe literature from three main distinct areas of research:
human communication emotionsand user acceptance. There is extensive research on
human communication from theories and models such as common ground to different
aspects of human communicationste AO OOAOO6 ET OAOAAOQEI 1
of technology. There is also relevant research on the social interaction between drivers,
without an electronic device, including several different models of interaction that aim to
cover different aspecs of these encounters. However, there is not enough recent research
on driver-to-driver communication, especially using an electronic device to make drivers
intentions clear. Wilde, as long ago as 1976, envisioned the idea of a driterdriver
communication device using a form of walkigalkie, but the technology had not been
sufficiently developed at that time to enable research on this as the concept of connected

vehicles, and all the technology that supports this, is relatively new. There is currently a
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gap in research on the use of an electronic device to improve drivo-driver
communication. The research presented in this thesis will draw from the research in the
AEAT AO 1T £ EOI AT AT i1 O1T EAAOCEIT AT A AQauAOOC
be designed, and provide a framework for the use of an electronic device to support
AOEOAOG6O Ali i OT EAAOGEIT 8
Before a new technology becomes available to the general public it is crucial to
investigate the acceptance opotential users. This research reviewd several models of
user acceptance ofa new technology, which have been used in some of the studies
presented in Chapters 0508, and also reviewed the effect of emotions on driving
behaviour and on technologymediated communication.
The next chapter desdbes in detail the methodology used in this research. Different
methods were employed throughout this research in order to achieve the objectives of
each investigation study. Information about the relevance of the methods for each stage

of the research aml their benefits and limitations are also examined.
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3 Research methodology

3.1 Research methods

Throughout this research, a combination of methods was employed to understand the
different aspects of driverto-driver communication. The methods were chosen
according to their appropriateness for the specific stage of the research. In the beginning
of this research, for example, it was deemed important to design a task analysis to
understand the main tasks requied by users when interacting with a DDCD. Howeven
the later stages of the research, a driving simulator study was required since it was
necessary to measure specific tasks in a controlled environmerfigure 3.1 shows the
methods used throughout this research and in which chapters dhe thesis they are
presented.All the methods are reviewed in detail including their benefits, limitations and

importance during eachstage of this PhDresearch.
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Research methodology
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Figure 3.1. Research methodology with thesis chapters

3.2 Task analysis

Task analysis is a set of methods that can be used to obtain information about
characteristics of a working context that have an effect on human performan¢&hepherd

& Stammers, 2010. The iformation gathered from a task analysis provides a solid

foundation that allows researchers to design new tasks or build new requirement{Sharp
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et al.,, 2007). Task analysis covers many different methods to investigate cognitive
processes and physical actions. The method used in thBhD research is called
Hierarchical Task Analysis (HTA), and it is one of the most widely used types of task
analysis. HTA has been used fonany applications, not only limited to interface design,
which is the main application to this research, but also appd to workload assessment,
job aid design and error prediction(Stanton, 2009.
4EA EEOOO OOAD T & A1 (4" EO O AARAEET A OEA
users to achieve this goal are identified. In HTA, a main task required by a user can be
broken down into subtasks, which can then be subsequently broken down imtsub
subtasks and so forth. This process can go on until it reaches a low level step, which could,
for example, be represented in a screen sketdlsharp et al., 2007. Not all subtasks may
be required by all users, or not all subtasks may be required in any particular order.
Therefore, these peculiarities can be represented in textual form in an HTA by thse of
plans, which are related to eachiask and its subtasks.
HTA was employed in the early stages dhe research presented in this thesis It was
considered fundamental at this point to understand the tasks required by users to
interact with a DDCD. TheHTA helped in the design of the set of use case scenarios that
were used throughout this research. The HTA is also part of a drivéo-driver
communication framework, which can be a powerful tool to aid designers and developers
of a DDCD in the eayl stages of the design process.
The main goal of drivers in this research is to be able to successfully exchange messages
with other motorists. This goal was split into the two main general tasks of sending a
message with a DDCD and receiving a message with ad@iD Therefore, two graphical
versions of HTA with a boxand-line notation were designed. New suliasks were then

identified and the process continued with the identification of more subsubtasks and the
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description of plans for some of the tasks. The two A diagrams designed are presented
in the next chapter.
The main criticism of HTA is that it may not adequately represent some real tasks, which
can be highly complex. An HTA representation of such tasks would become
disproportionate and disorganised. Mor®ver, HTA does not allow the design of tasks that
are executed in parallel or with interruptions. However, HTA has several advantages, the
i AET T1TA AAET c¢c O EAAEI EOAOA CciT A AAOGECI
interaction with a system at ary level of abstraction(Sharp et al., 200Y. Task analysis
can be advantageous if it answers any questig in the design or evaluation of a system
in a way that not only improves the design but also leads to better insigh{Shepherd &
Stammers, 2010.
In this PhD research, the HTA was designed by the researcher with his theoretical

knowledge of driver-to-driver communication. The HTA was further validated in the

subsequent studies in the chapter.

3.3 Framework design

Frameworks are tools used by designers to make sense of complex ideas by creating
diagrams or graphic models that structure the information in an explicit way, highlighting
the relationship between these ideas in a simplified fornfKirk, McClelland, & Suri, 2015k
These ideas can represent many different concepts such as user behaviour, activities, task
sequences and variables. Frameworks can reveal the strengths the relationship
between ideas, but also gaps in knowledge and opportunities for improvement.
Frameworks can be a powerful stimulant for communication between members of a
design team(Kirk et al., 2019. They can also be seen as a reference tool offering advice

to designers as to what to look for(Sharp et al., 200]. Frameworks can be developed
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using a combination of different tools, which vary according to the design needs, such as
task diagrams, journey maps, netark maps and affinity diagrams. Framework
development is a very common rathod in HCI and HF/E with many frameworks covering
different aspects of user experience being published in highly ranked academic journals.
One example of such a framework is the relationship between the design of a conceptual
I TAAT AT A OOAmM GGt as@évédlobed OWokna (2013).
The research presented in this thesis developed a driverto-driver communication
framework, which is presented in detail in the next chapter. The framework aims to help
designers understand the main actors involved in drivetto-driver communication and
the variables that may influence this communication. A set olbommunication scenarios
was designed based on this framework. The framework comprises of a diagram, which
depicts all these elements in a graphical way. The framework also consists of a task

analysis with the main tasks required by gers to interact with the DDCD.

3.4 Scenario-based research

This research was based on driving communication scenarios, which are specific stories
used to present information and elicit opinions from participants. Carroll (2000)
describes scenarios as an informal narrative description, which can be defined as a way
of representing a story that can be used as the starting point for discussion with e15.
This informal representation makes scenarios a natural way for users to understand a
situation (Sharpet al., 2007. Scenarios can have four distinct purposes: they can be used
to illustrate the use of a system, to evaluate the functionality of a specific system, to design
system attributes, and ultimately to test theory(Campbell, 1993. The elements that can

be represented in a scenario include individual users with specific profiles, the tasks
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required in system interaction, the context of use, and the design of the systdiiirk et
al., 2015 Sharp et al., 200y7.
Scenaricbased studies have been used not only for HF/E automotive research
(Konstantopoulos & Crundall, 2008Lennon, Watson, Arlidge, & Fraine, 2011 but also
for other areas within HCI(Carroll, 2000), and can be considered a powerful design tool.
Scenarios can be used to explore potential issues with the use of a proposed tecbggl
in this case an irvehicle communications device, before implementation. The technique
generates predictions about emergent behaviour arising from the usedtevice interaction
and leads to design recommendations to support future product development.
According toKirk et al. (2015, p. 249h Scénarios should not be just fantasies, but carefully
constructed projections of anticipated usage situahs that are based on available
evidencé 8 4EA OAO 1T £ AOEOET ¢ Al i i O EméasBiwdsT O,
developed based on a drivetto-driver diagram and a task analysis of a DDCD, which had
been designed earlier in thisPhD research. Theyare all described in detail in the next
chapter.
Scenarios can vary in scope and scale. They can be designed, for example, to include
detailed lengthy processes or to portray storyboarding representations of interactions
with the product (Kirk et al., 2015. The scenariopresentedin this thesis are vignettes,
which are short descriptions of a single event. According tRobson (2002 vignettes
present a fictional situation based on a real event in which participants are invited to give
comments on their feelings andopinions. Even though the stories adopted in thi®hD
research are vignettes, the more general term communication scenario is used
throughout this document.
The stories in scenarios can take many forms, such as sketches, cartoons, videos or live

enactment (Kirk et al., 2015. The same set of driving communication scenarios adopted
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in this research was presented in different forms in each study. The choice of form of
presentation is closdy related to the research stage of each study. Scenarios were
presented in a text narrative in STUDY A because of its exploratory nature. In STUDY B,
scenarios were presented graphically on paper, similar to a cartoon, because it was
considered more apprg@riate for the setup of the study, which involved a group of experts
working together to answer four questions about the scenariosParticipants watched
videos from the set of scenarios in STUDY C. Scenarios were presented in video in this
study, not only as progress from the previous study, but also as a way to evaluate some
of the results obtained. Scenarios were also presented in video in STUDY E, which took
place in a driving simulator. However, contrary to STUDY C, in STUDY E patrticipants not
only watched the scenarios unfold before them, but they also played a major role in the

situation. Participants were also directly affected by the outcome of the scenario.

3.5 Interviews

Interviews are a guided conversation between the researcher and one or more
respondents about a specific topic or issue. Interviews are an efficient and effective way
of gaining indepth qualitative data by asking the right questions that allow the
researcher to explore a vast range of issues regarding a particular togicazar, Feng, &
Hochheiser, 201Q. They ae a valuable data collection method for all stages of the design
process, with an inherent involvement of participants (Sharples & Cobb, 201p
Interviews can be conducted with only ongoarticipant at a time (i.e. oneto-one) or with

a group of participants, the later also known as focus groups.

One of the main challenges of interviews is the amount of time required for the data
analysis, which might impose a limit on the number of partipants recruited and the

duration of the interview. According toRobson (2002, one hour of audio recording can
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take as much as 10 has just to transcribe the datalnterviews also rely on the expertise
of the interviewer, who should be able to ask the right questions at the right time to
provide effective communication with the interviewees.
Oneto-one interviews can be categorised into three main types: structured, semi
structured and unstructured (Robson, 2003. In structured interviews, the interviewer
follows a script with a set of predetermined questions, which are recorded on a standard
form. In contrast, unstructured interviews are more informal and are similar to a
conversation. Semistructured interviews are situated between the previous two, with
the interviewer having a set of points around which to build the interview, but more
guestions can be asked in order to acquire a deeper undsanding of a particular topic
This research adopted ondo-one semistructured interviews in all three studies in
which they were used. In STUDY A, which is an exploratory investigation of the DDCD, the
interview was the main method adopted alongside the usease scenarios. The main
reasons for using interviews at this early stage were to facilitate the exploration of driver
to-driver communication questions with regular motorists, and at the same time for the
researcher to familiarise himself with this complex domain. In STUDY Bnd STUDY E, a
short interview was used only at the end of the process with the main purposes being to
understand some of the observed behaviours of participants throughout the study

(STUDY D) and to @lrify their opinions (STUDY E).

3.6 Workshop and expert knowle dge elicitation

71 OEOET PO AOA A1 ACEI A AT A &£ AGeEAIl A O1 11
researchers to explore specific activities, situations and/or environmentgDroumeva &
Wakkary, 2006). Workshops can help move the design process forward by clarifying

specific aspects of the design, which are being investigated. Designers can then reduce
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the scope of the system and possible funonalities that usersmay need.Workshops are
also helpful in earlier stages of design to brainstorm a situation and to get an initial
understanding of a particular problem or domain(Robson, 2003.
A workshop can be represented as a system. The main elements of this system are the
participants, the facilitator, the tasks and the place. The facilitator arranges the
workshop, sets up the place and establishes the tasks required by the participants. The
participants are then grouped in this place and must work together to accomplish all
tasks given to them under the supervision of the facilitator. The facilitator must atsmake
sure that the workshop runs according to the aims of the studgNuma, Toriumi, Tanala,
Akaishi, & Hori, 2009.
The main outcome of the workshop comes from the collaboration and sharing of
knowledge. Participants can acquire new ideas from other participants as information is
shared amongst them. This collaboration helps to strengthenhé views of the
participants. Workshops enable participants to create new concepts by allowing them to
work together to accomplish the shared tasks in a shared spa¢Broumeva & Wakkary,
2006; Numa et al., 2008.
Knowledge elicitation comprises of a set of methods to elicit the knowledge of domain
experts usually by having some type of interaction with these exper{Shadbolt & Smart,
2015). In this PhDresearch, a workshop was used as a method to elicit knowledge from
the participants. This workshop was designed and planned as part of the second study of
this research (STUDY B), which is the firgtudy presentedin Chapter 06 This study was
the first one that focused specifically on the task akceiving messages with a DDCD.
Participants in this workshop were all academic experts in HF/E and HCI with a broad
range d knowledge in the automotive context and in other contexts such as rail, flight,

healthcare and manufacturing. Academic professionals are chosen in knowledge
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elicitation methods when the researcher is interested in thorough theoretical expertise
in an area (Shadbolt & Smart, 201%. Workshop-based approaches in which participants
have expertise in one specific subject domain have been usggdccessfully in other areas
for hands-on concept development, for example in the design of exhibitions in museums
(Taxén, 2009.
One study in this research aimed at capturing knowledge froracademic experts as the
first part of a two-part process in understanding the task of receiving messages with a
DDCD. The first part, which was investigated in STUDY B, aimed to ask several questions
to experts related to message content and modality of @ssage presentation using the
workshop-based approach. The results of this study were then used in the subsequent
one (STUDY C) to present messages in vidbased scenarios to egular drivers as

participants.

3.7 Questionnaires

The use of questionnaires or swreys is a method commonly adopted in scientific
OAOAAOAE O1I Ai11AAO OOAOOGS PAOOTT AT AAOAR
either in quantitative or qualitative form. Questionnaires can be distributed either online

or on paper with differences between them in terms of flexibility, range of use, data
storage and bias in samplingSharples & Cobb, 2015 In order for the data to be analysed
efficiently, questions in the questionnaie should be clearly worded, especially when
there is no researcher close to the participant to clarify any misunderstandingsSSharp et

al., 2007).

Surveys can be designed with different formats of questions, such as check boxes, ranges
rating scalesor open-ended queries The choice of format will vary according to the type

of answer expected by the researcher. Check boxes or ranges are commonly used in
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demographic questionnaires, for example, when personal information about the gender

or age of the participant is requiral. In contrast, rating scales are frequently used to
Ai11 AAO PAOOEAEDAT O0O6 OOAEAAOEOA T PETEIT O
make judgements about something, such as how difficult a task(iSharp et al., 2007. The

two most frequently used types of rating scales are Likert ah semantic differential

scales.

Likert scales (Likert, 1932) are designed in such a way that participants shodlselect
OEAEO 1 AGAT 1T &£ ACOAAI AT O O1 A OOAOAI AT Oh
OEA 1T OEAO AOEOAO Al AAOAO68 , EEAOO OAAI AO
participants must select their level of agreement to each statement indoually. The scale

in which participants should choose their level of agreement is usually anchored with
OAOAAIT AAOAOEDPOEI T O xEOE OEA Oxi A@OOAIl A«
AEOACOAAG AT A OOO0OTTClI U ACOAAGS 8ontainEvArball OE A
AAOAOEDPOEI T O OOAE AO OACOAAGh OAEOACOAAGS
representation is chosen, it must help participants to clearly understand the incremental
differences between eah adjacent point in the scale.

In semantic differential scales, participants are presented with a scale in which the two
extremes are bipolar adjective§ Osgood, Suci, & Tannenbaum, 19B4Contrary to Likert

scales in which the set of statements can cover different questions, in a semantic
differential scale each set of bipolar adjectives is only about orspecific item, for example

driver acceptance of a new technology. Participants make their response by placing a
cross in a pogion between the two extremes.

The number of response levels used in any rating scale varies widely with some scales
using an oddnumber of options to allow the inclusion of a neutral level in the middle.

There is much debate about what the optimal number of levels should be. Five or seven
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levels are the most frequently adopted range with a few surveys presenting up to eleven
items if such fine judgement is possiblgSharples & Cobb, 201p According toPreston
and Colman (2000 the number of levels in a survey may affect the reliability and validity
of data collected with a lower number of levels providing higher mean scores. Despite
this fact, Preston and Colman (200Qrecommend the use of a sevepoint scale based on
-ET1 AOB O (hd Gahdtiy SoEhurhah inf@mation processing and shorterm
memory (Miller, 1956).
The main criticism regarding rating scales is that several bias issues may arise in the leve
of agreement with the statements. Central tendency bias may occur when participants
purposefully avoid selecting the extremes in the scale and prefer to choose values in the
middle even when they have extreme opinions about the statement. Participants ma
also represent themselves in a more favourable way than they really are, over reporting
good behaviour or under reporting bad behaviour i.e. social desirability bias. Finally,
participants may agree with all the questions in a survey to show a positiveoonotation,
repeating the answers to previous questions even when in doubt. The latter issue, called
acquiescenceor question bias, may be reduced if there is a balance of positive and
negative statements, preferably in an alternate wayCouch & Keniston, 196). However,
according to Paulhus (1991) the former two biases, social desirability and central
tendency, arevery difficult to be addressed in questionmaire desig, if not impossible.
The analysis of Likert scales is another topic of much debate in the academic field.
Discussion arises on whether the results of Likert scales should be analysed as interval
or ordinal data. Many authors treat this data as ordinal bewse participants may not
perceive the difference between adjacent levels in the scale as eqyBlertram, 2007,
Jamieson, 2004Kuzon Jr, Urbanchek, & McCabe, 19980obertson, 201). The opponent

group presents evidence dated from early years that suggest that Likert scales could be
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successfully analysed as interval data using parametric testdaker, Kumar, & Day, 2008
Burns & Bush, 2000Norman, 2010). However, according taKnapp (1990) the researcher
should initially and most importantly decide what level of measurement is in use by
checking the sample size and if the distribution is normal. Moreover, theesearcher
should be able to justify with confidence that the data can be classed as interval.
Therefore, based on the considerations described t¥napp (1990), the Likert-scale data
presented in this thesis have been treated as ordinal data with the anabis using non
parametric tests.
This PhD research employed different types of surveys at different stages of the PhD
process. Most surveys used in this research are pexisting questionnaires (e.g. Self
Assessment Manikin, which have been widely tested and validated for many years in
academia, some of them in several areas not only related to HF/E and HRbrris, 1995).
These questionnaires were carefully considered because they seemed the most
APDPOI DPOEAOA T1TAO OI AT OAO OOAOOG 1 PEIXETTO
However, a driverto-driver communication questionnaire was asigned by the
researcher in STUDY C. Thibespoke questionnaire was an original design, as the
researcher did not find any preexisting questionnaire that would cower all the
information needed. Many considerations were made when designing the questions i
the driver-to-driver communication questionnaire, especially to avoicacquiescencebias
and to provide a clear wording of the statements.
Table 3.1 shows the main characteristics of all questionnaires adopted in this research

with the studies and chapters they are used in and the appdix where they are available.
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Table 3.1. Questionnaires

Name Type Chapter | Study | Appendix
General demographic questionnaire Openended / Checkboxes| 5 A iii
General demographic questionnaire Openended / Checkboxes| 6 C iv
Driver-to-driver communication | Likert scale 6 C %

guestionnaire

SelfAssessment Manikin (SAM) Rating scale 6 C Vi
(Morris, 1995)

Van der Laan user acceptance sca| Semantic differential scale | 6 C vii
(Van Der Laan et al., 1997

General demographic questionnaire Openended / Checkboxes| 7 D viii
General demographic questionnaire Openended / Checkboxes| 8 E X
CTAM(Osswald et al.2012) Likert scale 8 E iX
NASATLX (Hart & Staveland, 1988 Rating scale 8 E Xi
Simulator Sickness Rating scale 8 E Xii

3.8 Direct observation in the field

Observation is a useful and effective method in any stage of the design process. In the
AAOI EAO OOACAO T &£/ AAOGECT EO AAT EAI P OEA
context, while in the later stages it can be used as an evaluatiof how a prototype
version of a device can support these tasks and godlSharp et al., 2007. In this PhD
research specifically, an observation study (STUDY D) was conducted with the main
purpose of an exploratory investigation of a specific task involved in the driveto-driver
communication process, i.e. the identification of vehiek that will receive amessage.

One of the major advantages of observation is that the researcher watches what the

participant is actually doing instead of just asking users to report what they would do in
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such a situation(Robson, 2003. However, there is a serious concern that the researcher,
as an overt observer, may exert a possible negative effect on the situatiogirtg observed.
This could be avoided in covert observations, but in many cases, there is no practical way
£ O OEA OAOGAAOAEAO OF AA EEAAAT mEOI i OEA
observation is that it is usually very time consuming, especially the researcher needs to
be immersed in the field for a long period of timgRobson, 2003.
Participants can be observed either in a controlled environment, such as a usability
laboratory or in the field. In this research specifically, an omoad study (STUDY D)wvas
designed with direct observation as a method to explore how drivers would naturgt
identify vehicles around them.
Onroad studies have been used extensively in the HF/E automotive area, with both
guantitative and qualitative data being captured to measure several different variables,
such as fatigue(Hanowski, Wierwille, & Dingus, 2003, driver distraction (McEvoy,
Stevenson, & Woodward, 2006and also communication between drivergPortouli et al.,
2014). To avoid the possibility of high cognitive workload, distraction or even anger
caused by driving an unknownvehicle, it was decided to ask participants to sit in the
passenger seat.For this study, one authorised member of staff acted as driver for all
participants.
Field studies are a valuable way of acquiring a thorough understanding of a particular
area ordomain in an extensive manneiBisantz & Drury, 2005. The use of qualitative
observations in the field can provide a context for tasks, and by doing so, can produce
relevant data about why an activity happens theway it does (Sharp et al., 2007.
Moreover, observations in the filed can provide extra pieces of infaration or nuances

that may not be captured by other sources of investigation.
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A clearly defined goal of observation must be established beforehand as a lot can happen
at the same time in the field. This goal could be a specific behaviour of the participaatg.
where they are looking at the moment, or a task undertaken by them such as pressing a
button. In this specific study, the researcher was interested in which verbal and/or
gestural descriptions were used by participants when they wereequired to identify a
vehicle.
Observational data can be collected in various ways, from le#ech pen and paper to the
use of computersupported data collection. In this specific ofroad study, video
recordings were adopted to facilitate the observation. Video recordirgyare particularly
useful when the researcher is not present at the moment data is being collected or if the
researcher does not have alear view of the participant.According toRobson (2002, by
using video recordings to capture data from field studies, researchers are able to analyse
and review the activities performed by participants as many times as they want with
great accuracy. Video recordings were used in thiBhD research to capture gestures,
expressions and eye movement of participants. The latter was recordaging an eye
tracking device. Video recordings of eye tracking ad system interaction were also

adopted in the experimental study, which igdescribed in the next section.

3.9 Experimental research in a driving simulator

Experimental research is used when the researcher wants to investigate and explore a
hypothesis in a corrolled and isolated environment. Welldesigned experiments can
help to answer questions defined in the hypotheses and to identify causal relationships
between variables that are being measured and variables that are being controlled by the
researcher(Lazar et al., 201(. According toRolo and DiazCabrera (2005, experimental

research in HF/E is being used mainly to help quantify anmiprovement in a human
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machine interaction and/or to carry out a structured comparison between a set of pre
defined designs.
Towards the end of thisPhDresearch it was deemed important to investigate the task of
sending messages with the DDCD. Thereforan experimental study (STUDY E) in a
driving simulator was considered the nost appropriate at this stage.This study is
presentedin Chapter 08
Driving simulators are frequently used in the HF/E automotive aregyoth in industry and
in academia. They are a popular tool to investigate driving performance, driver behaviour
and driver interaction with in -vehicle devices under different road conditions. Driving
simulators supply a safe and convenient environment foresearchers to observe and
measure driving behaviour under controlled conditions, which otherwise would be
highly impractical and unsafe in the real world(Kaptein, Theeuwes, & Van Der Horst,
1996). Driving simulators are also flexible and simple to setup with the researcher being
able to change easilyrbm one condition to the other.
The concept of validity is very important for driving simulators as it is concerned with
the successwith which the real-world is replicated in the simulator (Blaauw, 1982.
There are many types of validitiesand thesewere carefully consideredbefore deciding
to design an experimental study in a driving simulator. Thesare briefly explained below
Physical validity concerns the physical controls in the simulator and their level of
similarity to the controls of a real vehicle. The controls in the vehicle may not respond, as
the participant would expect from a real car. Behavioural validity relates to how clasthe
driving experience in the simulator is to driving on a real road(Olson, Hanowski,
Hickman, & Bocanegra 2009).
Drivers have different reasons or motives for travelling from point A to point B, and these

motives can have an effect otheir driving behaviour. Different driving behaviour can be
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experienced by one driver travelling o holiday with their family and another driver late
for work . Psychologicalvalidity can be defined as the extent to which the tasks performed
by the participant are similar tothe reasonsfor their real driving (Ranney, 201).
There is also @ important difference between relative and absolute validity in a driving
simulator. Absolute validity can be defined by the extent to whiclthe absolute size othe
effect measured in a driving simulator can be compared to the absolute size of the effect
in reality (Kaptein et al,, 1996). Relative validity is the extent to which the relative size of
what is being measured is the sae as in reality. Relative validity is appropriate for most
studies provided that the researcher is not investigating the effect othanges in the
absolute value(e.g. vehicle speedpf any measures (Riener, 2010). This was the case of
this particular PhD research
Two other types of validity related to experiments indriving simulators are internal and
external. Internal validity is the recognition of the relation betweenthe manipulation of
a condition or variable andthe effect obtained (Kaptein et al., 1996. Driving simulators
have high internal validity as the environment can be controlled and therefore theres
little chance that the effectsare due to differences in experimental conditions(Riener,
2010). However, a simulator with limited resolution can have lower internal validity if an
action, such aschanging direction, prove unrealistically hard when comparel to the real
world. External validity is the extent that the results obtained from one specific study can
be generalisedand is closely related to the design of the experimenfccording toRiener
(2010), results from driving simulator experiments could be applied to red world
scenarios if an extra task is added to the simulator study or if the simulator complexity is
increased torepresent more accurately the reallife situation.
Oneissuewith simulators is the possibility of many unpleasant physicalsymptoms that

some participants may exhibit while driving These includemotion sickness fauseg,
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dizziness, headaches and eyestraifdmulator -induced motion sickness is caused by a
mismatch between the visual pereption and the vestibular sensation of motion{Carsten

& Jamson, 201). This issue can impose some difficulties, as not all people are fully aware
beforehand that they might experience this symptom. Thegnly discover this symptom
while undertaking a drive in the simulator, which forces them to suddenly stop and
discontinue the study. This might require the researcher to recruit more participants.
Research also found that simulator sickness has a naturaridency to affect driving
performance and behaviour, e.g. participants closing their eyes when travelling around a

corner (Bittner Jr, Gore, & Hooey, 1997

3.10Qualitative data analysis

This research produced an abundance of qualitative data from all the different studies. A
formal iterative analysis technique for qualitative data based on coding was used
throughout this research(Hignett, 2010). Coding is the process to relate the data with the
OAOAAOAEAOOS KHdaokdy@ AtkidsdnO199¢.OrBeldoding process can be
divided into two stages. In the first stage, the researcher should fully understand and
interpret the data so that in the second stage the data can be presented to others in a
meaningful way (Gough & Scott, 2000

This analysis process focuses on the assignment of codes or categories to the data. Codes
are tags that are attached to words, short sentences wvhole paragraphs in the data.
These codes give a meaning and significance to the data to which they are assigned. Codes
can be developed in many ways, for example by taking into consideration the acts,
activities and relationships under investigation(Lofland & Lofland, 2006, by factors such

as the settings and contex{Bogdan & Biklen, 1997 or by the relevant literature (Miles

& Huberman,1994). Lazar et al. (2010 suggest focusing on specific types of statements
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that can produce valuable information, when generating a list of codes. These statements
may include objectives, cases, actions and consequences.
The analysis process in thi®hDresearch followed a coherat structure. Data was initially
collected in either audio, text or video. Before the analysis, the data was then transcribed
verbatim. The first step in the analysis process was to produce a comprehensive list of
main codes based on the study setup. Theesearcher then analysed the transcripts
according to codes defined. Due to the iterative nature of this analysis technique, more
codes were created during this process. The final data was reduced to a set of codes or
themes linked back to the research aimsrable 3.2 shows in which studies thisanalysis

technique was adopted.

Table 3.2. Coding analysis

STUDY QUALITATIVEMETHOD
STUDY A Exploratory interviews
STUDY B Expert knowledge elicitation
STUDY D Onroad observation
STUDY E Posttrial interviews

3.10.1 Taxonomies

Taxonomy can be defined as a branch of science, which focuses on the hierarchical
classification of things(Oxford EnglishDictionary, 1989). It was originally used in biology

to classify organisms. It was subsequently expanded to any area of knowledge as a
classification of conc@ts and underlying principles. Taxonomies represent an organised
way to understand the world around us. They provide a common understanding of terms
and classifications. Taxonomies have been used in Computer Science to bridge the

communication between resarchers in academia and practitioners in industry
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(Engstrém, Petersen, bin Ali, & Bjarnason, 2@). Taxonomies have been used specifically
in HCI, for example, to describe a set of specific gestural interaction technigugsgelini
et al., 2014 Scoditti, Blanch, & Coutaz, 203 MWolf, Naumann, Rohs, & Miiller, 20)1
A taxonomy scheme has been developed in tHidhDresearch to produce a list of the main
descriptors used by drivers to identify vehicles. This taxonomy was created based on the

data collected inSTUDY D, which is presented isection7.7.

3.11 Mixed -methods research

Mixed-methods research can be defined ase'search in which the investigator collects and
analyses data, integrates the findings, and draws inferences using both qualitative and
guantitative approaches or méhods in a single study or a program of inquibyTashakkori

& Creswell, 2007, p.0L

The concept of mixedmethods research, in which more than one method is used as part
of the validation process, was first introduced in1959 using the term multiple
operationalism (Johnson, Onwuegbuzie & Turner, 20Q7The authors explain that mixed
method research can be seen in its pure form as being at the centre of a quantitative
gualitative continuum with both types of data adding insights to the research question. A
triangulation of methods aims to overcome the weaknesses of only one single method in
addressing specific research questionWiklund-Engblom, Bengs & Hogag, 2012.
Mixed-method research can be viewed in terms of two different dimensions which relates
to the time ordering of the qualitative/quantitative methods or the degree of importance

of those data within the samestudy (Wu, 2011). This PhD research followed the latter
approach in which each study has a combination of both quantitative and qualitative data.
The decision as to which method to use was mainly based on an iterative process rather

than a strategic decision.
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Tashakkori and Creswell (2007)also state that the qualitative and quantitative approach
can be divided in terms of the research questions, the sampling procedure, the methods
employed, the type of data analysis and theonclusion. According toVan Turnhout et al.
(2014), there are many reasons to combine multiple methods in HCI following the
sequential dimension, such as one study delivers a result, space or context which can then
be further explored, validated or expanded in a followup study. This was also the case
for this PhD research in viich all studies were planned in an iterative sequential way
For example, me of the results from STUDY B was further investigated in a subsequent
study.
There are many advantages to following a mixedhethod approach. According to
Bouchard (1976), the convergence of findings stemming from two or more methods
®@nhances our beliefs that the results are valid and notnzthodological artefach
(Bouchard, 1976, p. 268 Mixed methods can generate relevant unforeseen research
guestions while providing answers to those new questionsKettersson, FrisonLachner,
Riener & Nolhage, 201Y. The authors also suggest that rich data collected by applying
different methods could help to understand the reasoning behind the concept of user
experience Pettersson et al.,, 201). Abowitz and Toole (2009) mention that mixed-
method research should be considered whenever possible as it improves not only the
validity but also the reliability of the results. Causal inferences are also strengthened as
the researcher can observe the convergence or divergence of the data when testing the
hypothesis (Abowitz & Toole, 2009.
Mixed-methods research also has its own contentious issue®hnson etal (2007) point
out that mixed-method research lacks a clear set of philosophical beliefs to support it
with pragmatism being currently the most useful positionJohnson et. al (2007 also state

that a typology of broadlyagreed mixedmethod designs must be established with
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different sets of design being created according to the most predominant type of research
in question (quantitative or qualitative). The diversity of ideas in mixedmethod research
should be assessed ima reflective way in order to avoid duplication of concepts,
inconsistent terminology and chaotic classification (Tashakkori & Teddlie, 2010.
According toWiklund-Engblom et al. (2012) another important aspect to consider when
doing a triangulation of methods is how to find the most appropriate process for

collecting, analysing and presenting the results of the study.
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4 Introduction to a driver -to-driver communication

framework

4.1 Driver -to-driver communication framework diagram

There are several models reviewed in Chapter 02 thatim to represent the interaction
between two drivers (see section2.3.2). Various aspects of the interaction are depicted
in these models. However, there is no framework which covers the factors involved in the
communication between two drivers via an electront communication device.This
chapter introduces a driver -to-driver communication framework which addresses this
issue in detail.

The first part of the driver-to-driver communication framework consists of a diagram

(seeFigure 4.1), which presents the main elements involved in a drivetto-driver
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Figure 4.1. Framework diagram
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communication, i.e. the user, the task anthe context A set of variables or factors that
can have a direct effect on the driveto-driver communication process is also presented.
This diagram is based on other related approaches such as tgonomics onion model
(Grey, Norris, & Wilson, 198Y and the humanmachine systems perspectivas presented
in Figure 4.2 (Wickens, Lee, Liu, & GordoBecker, 199§. In both these models,
components of the system represent combinationsfchuman, machine or environment.
The application of these modelss to represent users who needto perform a particular
task with a specificpiece ofequipment or machine, which could vary according to the

environment or context (physical, social or organsational).

ENVIRONMENT

HUMANY/S

|
\

MACHINE

Figure 4.2. Human-machine systems perspective (Lawson & Burnett, 2015 )

The first element of the diagram shows the communication task carried out by the users.
The main task involved in a driverto-driver communication is the exchange of messages.
This exchange of messages can then be divided into sending messages to one or more

drivers and/or receiving messages from one or more drivers.
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The second element in the diagram comprises the users involved in the communication
process. There are two main ifferent categories of users. The first type of user is the
driver of the main (i.e. ego)vehicle who starts the process of sending the message, and is
called the sender or the main driver. The other user is the one who is driving the other
vehicle. This wser can be more than one ithe same message is sent to multiple vehicles.
They will be the receiver of the message, also referret as the other driver. Another
human element that may have an effect on the communication process is the passenger
of either the main vehicle or the other vehicle.

The third element of the diagram is the road environment. This road environment will
determine and influence the context of communication and the ability to communicate.
Drivers can exchange messages for many differereasons. The topic of the message is
directly linked to the specific social and/or environmental context of the road users. For
example, if a driver has just performed an unexpected driving manoeuvre, they may want
to send an apologetic message, whereaddriver who has just driven past an accident may
want to inform others of this incident.

Another important element related to communication between drivers, which is
presented in the diagram, is the vehicle itselfA few variables that affect driverto-driver
communication are directly linked to the vehicle, such as the location of the vehicle and
the cardinality of the interaction.

The diagram also depicts the interaction between the driver with the DDCD to either
receive or send messages. The last part the diagram presents all the variables that may
affect driver-to-driver communication. They are presented in blue in the diagram. These

variables will be described in nore detail in the next section.
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4.1.1 Variables
Many factors can affect the communication dtween users of an electronic
communication device. For example, research has already been carried out on
establishing a set of variables that influence communication in virtual communities
(Baym, 1998. However, due to the nature of driver communication, not all the variables
that influence one form of CMC can be applied in the same way to an electronic
communication in the driving context. Moreover, many variables may influence the
interaction between drivers. It is not the purpose of thisPhD research to produce an
extensive list of all these variablesTherefore, onlya small set of variables or factors that
AAT AEEAAO AOEOAOOSG Aiii Ol EAAOCEIT xAOA
foundation of the driver-to-driver communication framework presented in this chapter.
They have a clear purpose as they are closely linked to the design recommendations
presented in Chapter 09 The underpinning concepts of mosbf these variables come
from the area of CMC reviewed earliem Chapter 02 All the variables are presentedn
Table 4.1 with a short description of each.The variables are then further explained and

justified in the following subsections.
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Table 4.1. Variables

Variable Description

Purposeof communication What isthe main purpose of communication between driver8

Cardinality of communication | Interaction between main driver and only one other driver (oneto-
one) or between the main driver and a group of other drivers (ondo-

many)

Window of interaction Time constaints imposed to successfully be able to communicate wit

other drivers

Vehicle location Location of both vehicles involved in the communicationd.g.in front

of each other, next to each other)

Shared interest Is there a common, shared interested betwen the drivers involved in

the communication?

Trust Trust issues regarding the validity of content of the message received
Anonymity Is the sender required to identify themselves when sending a messag
Passenger effect If the passengers imany of thevehicles involved in the communication

may have an effecbn the act of sendhg and / or receiving the message

4.1.1.1 Purpose of communication

The purpose of the communication, i.e. what people try to accomplish while
communicating, is closely related to the social context involve(Clark & Brennan, 199).

As mentionedin Chapter 02 the purpose of communication shapes tnhcommon ground
in human communication and different grounding techniques are required for different
purposes (Clark & Brennan, 1991 Grice, 1970Q. Grounding techngues may not be the
same if the purpose of communication is different, for example, tget acquainted, to teach

something or to plan an event.
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Research in CMC also examined the effect that the communication purpose had in shaping
language use(Baym, 1998 Schiffrin et al., 200§. It was found that contractions were
used more in informal communications than in serious formal messages. Moreover,
different forms of norms or rules may apply to one specific context of communication
(Smith, McLaughlin, & Osborne, 1997 Different tasks types may require the additional
transmission of values, interests or personal commitmentgHollingshead & McGrath,
1995).

AEA POODPI OA T &£ AT i1 O EAAOGETT 1T AU Al Ol EAOQ!
reply a message, especially when they are not interested in the specific topic of
communication. This concept is similar to when users receive unsolicited and irrelevan
messages over the Internet(Barnes, 2003. In the road environment, messages not
related to the driving context or messages that do not add any new information may be
considered irrelevant by some users.

This PhD research investigated several situations in which drivers are required to
communicate with other motorists to make their intentions clearer. An example of such

a scenario is when the main driver wants to send apologetic messages for themwitting

and unwilling driving behaviour when blocking a junction or cutting in front of another

driver.

4.1.1.2 Cardinality of interaction

Drivers cansend electronic messages to only one vehicle or to multiple vehicles at the
same time. This research adopts the term cardinality of interaction to establish if the
communication between drivers is oneto-one, i.e. one driver sending a message to only
one aher driver or one-to-many in which one driver sends the same message to multiple

drivers at the same time.
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The communication between drivers using an electronic device strongly resembles CMC
in this situational factor defined broadly as participation structures (Baym, 1996.
According to Baym (1996), there are several situtional factors that constitute the
context of communication and that can condition variations in electronic mediated
discourse, with the cardinality of interaction being one of those factors.
Various technologies exist in CMC to support these diverse methd forms of
communication. These technologies may operate in a variety of ways and therefore the
interaction and its outcome may bedifferent (Barnes, 20039. Moreover, there may be
variations in the language used, the target audience and the context of communication
(Schiffrin et al.,2008). The use of email to send a message to one person cardifierent
from taking part in a discussion list where the message is visualised by many participants
with distinct demographic characteristics over which the sender does not have total
control. This might also berelevant when adriver sends amessageto multiple vehicles.
The PhD research presented in this thesis focuses mainly on eteeone communication,
although a few scenarios used istudies A, B and @escribe situations in which more
than two vehicles are involved in the communication process Technically, oe-to-many
and manyto-one interactions would be easier toimplement due to some of their
characteristics. Firstly, these forms of communication do not neessarily imply bilateral
communication as the sender maybe broadcasting a message and navaiting for a
response from the receives. However, some types of ondo-one communications may
require turn-taking approachesin which a person replies to the otherand a flow of
communication is established Secondly it was deemed important to fully understand
how drivers would identify a single vehicle as part of the communication process.
Interactions which involve many vehicles would require other forms of recipient

identification or no identification at all. Therefore, it was decided that the main focusf
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this PhD researchwould be on oneto-one interactions even though the framework was

designed to allow for all types of cardinalities of communication

4.1.1.3 Window of interaction

The theory of common ground defines asynchrony as one of tlmstsinvolved in any
form of human communication. Asynchrony is the cost involved in timing of producing
and receiving a message in asynchronous communicatiofClark & Brennan, 199).
Asynchronous communication is characterised by the facthat all the participants
involved may not be simultaneously online at the same time the message is sent and can
read and respond to messages at different timgdValther, 1996).

According to Baym (1998) the temporal structure of CMC is a variable that can affect
patterns in communication, such as the availability of immediate feedback, the number
of participants involved in the communication and the meaning of pauses in nererbal
technology-mediated communication. The temporal structure varies according to the
type of CMC.

The temporal structure of a driverto-driver communication is mainly characterised by
asynchronous messages closely related to the drivingpntext (Applin & Fischer, 2015.
The exchange of messages occurs on the road while all participants involved are in their
vehicles. Drivers must focus their cognitive resources on the primary driving task and as
a secondary task, theynay need to send a mesgge to the other driver about something
that just happened on the road. This secondary task must not be delayed for too long,
otherwise the messageamay no longer be relevant.Moreover, sveral other events may
have already taken place on the roadnd the receiver of the message may not be able to

identify the sender or to link the message to a specific situation. Therefore, there is a high
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asynchrony cost involved in driver-to-driver communication for both sender and
receiver.
Drivers may have different time constraints to be able to communicate with other
motorists effectively and successfully.4 EEO OAOAAOAE AAT POO OE
ET OAOAAOEI T 6 O AAOAOEAA OEA PAOEI A 1T £ OE
that when the message reaches the rewver it is still relevant. This factor is closely related
to the temporal structure of an electronic driverto-driver communication and its
asynchrony cost.
The window of interaction can depend on several other variables. The window of
interaction can vary according to the speed and location of both vehicles involved in the
communication, the cardinality of the interaction, the task, the wikload and the social

context. This factor has a significant influence on driver communicatioand isa key issue

for this research.

4.1.1.4 Vehicle location

Most forms of CMC aremainly characterised by having no physical space limits since
users can easily communicate with others no matter where they ar@Barnes, 2002
Walther, 1996). Virtual communities, for example, allow participants from different parts

of the world to discuss shared interestdBaym, 1998. The sender of a email does not
need to know the location of the receiver, as this is irrelevant to the success of the
communication. Therefore, the specific location of participants at the moment of
communication have no effect whatsoever on the outcome of the communtaan.

Contrary to most forms of CMC, the location of drivers at the moment of social interaction
can have a decisive effect on the communication, because this takes place on the road and

is inextricably related to the road environment. The location of thesehicle/s which are
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going to receive the message are therefore of immediate relevance to the outcome of the
communication and to the interaction processkor example, drivers may not have enough
time to send messages to oncoming vehicles. If a vehicle izt the direct field of view

of the main driver, they may not be able to clearly identify the receiver of the message.
Various parameters influence vehicle location such as heading, movement trajectory and

vehicle dynamics (e.g. speed and braking behavio.

4.1.1.5 Shared interest

Social closeness is a construct from CMC which can be defined as the experience of
positive emotions towards another person or group of peoplgRatan, Sarkar, & Tsali,
2012; Ratan & Tsai, 2014. The concept of social closeness is related to the concept of
interpersonal attraction, which is a shared interest in another person that could lead to
friendship. According toRatan and Tsai (2014 social closeness in the driving context can
improve road safety by reducing the number of accidents due to the fact that drivers who
are socially close to other drivers feel more considerate towards their safety. Therefore,
social closeness and trust are related constructéPodobnik, Striga, Jandras, & Lovrek,
2012).

This PhD research investigates social closeness in driving communication from the
perspective of a shared interest between two drivers that could lead to further
communication and then friendship. The DDCD could be used to connect the drivers

based on this shared interest.

4.1.1.6 Trust
There is a plethora of definitions for trust applicable tca variety of different situations.
This research uses one abstract definition, which establishes that trust is the willingness

T £ A PDAOOIT O1 AA 0611 AOCAAT A AAOGAA 11 bl Ol
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(Bos et al., 2002 Corritore, Kracher, & Wiedenbeck, 2001 Riegelsberger, Sasse, &
McCarthy, 2003. Trust is required when a person does not know the exact motives of
others and therefore a risk factor is involved since it is not possible to predict their
actions (Riegelsberger et al., 2008 Handy (1995 OOAOAO OEAO 000000
is difficult to establish in any context other than facdo-face.
In CMC, the lack of relational cues, which are mdgigiven nonverbally, can lead to poor
interpersonal dynamics such as attentiveness, warmth and trugtJarvenpaa & Leidner,
1998; Walther & Bunz, 2005. The lack of visual and vocal cues also contributes to the
decrease in trust(Walther & Bunz, 2009.
This PhDresearch is based on the exchange of messages by drivers using an electronic
communication device. Specifically regarding trust, this research investigates
asynchronous trust situations(Riegelsberger et al., 200Bin which the receiver mayor
may nottrust that the message sent by the other driver actually represents their genuine
intentions and/or feelings at that moment. The receiver acts as taustor of the message
sent by the other driver, called therustee. The decigon not to trust the message may lead
to different actions or reactions, which can vary according to the situational context. This
action could be for example a change in driving behaviouthis variable is also closely
related to the abuse of the technolgy as untrustworthy content may be created from
abusive use.
Research in CMC states that trust can be established after longer periods of
communication with an exchange of several messages between usddarvenpaa &
Leidner, 1998 Walther & Bunz, 2005. Response also has a powerful effect on
establishing trust in CMC as resptse suggests involvement and can strengthen a
relationship (Jarvenpaa & Leidner, 1998 However, the temporal structure of driver

communicaion can be classified as a form of CMC in which participants exchange
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messages only once and for a very short period of tim{@&lollingshead & McGrath, 199%h
Because in most scenarios both drivers are travelling to different destinations, the chance
of them communicating with each other again ivery low. Therefore, it is exceedingly
difficult to establish trust without social closenessn such a short period of interaction,
unless the DDCD offers the drivers a way to engage in further communication after their
initial encounter. However,the DDCDcould offer alternative ways to establish trust for
examplethrough a system ofratings based on driving behaviour(Wang, Terken, Hu, &

Rauterberg, 2016).

4.1.1.7 Anonymity

As described previously in the literature reviewthe communication between driverscan

be consideredmore anonymousthan other forms of communication such as face-face,
because they ee inside the vehicle, hidden and protected by this senprivate metal
container, which limits the potential for social interaction (Rakotonirainy et al., 2014.
Drivers may not be able to make constant eye contact, which is a solid foundation of social
skills and which has the power to promote presocial behaviour, regulate social
encounters and improve the feeling of selawareness(Argyle, 1969 Kendon & Cook,
1969). Therefore, this difficulty in establishing true social interaction between drivers
may result in anti-social behaviours such as aggression and selfish driving
(Rakotonirainy et al., 200§.
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also to reduce aggressive behaviours. Drivers clilisend messages to other drivers either
anonymously or not. There are positive and negative aspects of anonymous
communication. On the one hand, research in CMC shows that the ability of users to

exchange anonymous messages in an electronic communicati@an contribute to
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misbehaviour (Barnes, 2003. Schiffrin et al. (2008 indicate that the degree of anonymity
available in any electronic communication system can have a decisive effect on language
use. On the other hand, one positive aspect of anonymous communicationGMCis that
it can remove visual cues such as gender, age, ethnicity, and see@nomic status
(Barnes, 2003, or in the case of the road environment, the physical characteristics of the
vehicle of the sender such as its colour, make and mod#lalther (1996) argues that the
social currency in CMC is the information exchanged and not the visual traits of the
sender. However, anonymity in message communication can lead to trust issues, which
was described previously.An anonymous message can influee the outcome of the
interaction and the appropriate use of a communication device. Therefore, the anonymity

of the sender is one important variable elated to driver communication.

4.1.1.8 Passenger effect

Passengers can influence drivers in different way3.he presence of passengers can have
an effect on driverd A A E Aidzedsi@gOtheir responsibility of being competent
leading to either cautious or risktaking behaviour, depending on the other passengés
(Dannefer, 1977. Young male drivers may be cautious when they are with their parents
but show risky behaviour in the presence of their peerg¢Doherty, Andrey, & MacGregor,
1998).

The research presented in this thesis,investigated the effect of passengers on the
communication exchanged between road users. More specifically, this research
investigated if drivers would be willing to receive and send some types of messages with
language, which could offend the passengers with thenThe content ofthe message
exchanged betwee drivers may be unexpected or inappropriate at the time. One

example of such a scenariowhich was discussedin STUDY A|s drivers receiving
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messages about aberrant driving behaviour when they have children in the car. Some
people can be negatively inflenced by violence and bad language on mass media
(Comstock & Paik, 1991 Potter et al., 1995 or by conversations using technology
mediated communication that can be inappropriate for the time and placé.ing, 1998).

Therefore, passengers may influence the use of a DDCD in several situations.

4.2 Task analysis

The use of task analysi is explained in section3.2. The main aim of thisHTA was to
understand all the tasks required by users when interacting with a DCD. The creation
and selection process of the communication scenarios employed in this research was
possibly due to a thorough understanding of the task analysis. Ultimately, thdTA also
contributed to the recommendations for a DDCD, whichre presentedin Chapter 09

The first step whenconducting this HTAwas to split the actions required by users into
the two main general goals of receiving and sending a message. Therefore, in order to
make it clearer, two sepaate task analysis diagrams were designed. THermal HTA of
receiving a message is presentei Figure 4.3 and the HTAwith tasks required to send a
message is presentedn Figure 4.4. However, these two diagrams are not totally
independent. One of the tasks that may be required by ess when receiving a message
may involve the replyto this message, which is presented in detail in thEITA of sending

a message.

The HTAs designed in this researcimot only show this interconnection between thetwo
main general tasks of sending and receimg messages butthey also have some
similarities . For example, in both HTAghere is some form of feedback or confirmation
from the system of the outcome of the sulask or the existence of a new task to be

performed. The identification of the other vehicle is also presented as subtasks in both
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HTAs The notificatio n that the message was successfully received by the other drivisr
available in both diagrams.

The plans presented in both diagrams show that some stthsks necessary to interact
with the DDCDare mutually exclusivesuch as tasks 2.3.1. and 2.3.2 in the SEND HTA
which are either selecting a message from a prdefined list or composing a free content
messageOthers sub-tasks presented in the diagram depend onthe outcome of another
task. Forexample, a confirmation of message sent is only displayed if the driver confirms

to the DDCD that they actually want to send the message
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Figure 4.3. Hierarchical task analysis of receiving messages with a DDCD
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Figure 4.4. Hierarchical task analysis of sending messages with a DDCD
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These HTAs are not linked to any specific HMI as the DDCD can be designed using
different types of interfaces and the driver ca interact with the device in many different
ways. This is also in accordance with the driveto-driver communication framework
diagram presented at the beginning of this chapter and the design recommendations

describedin Chapter 09

4.3 Use case scenarios

One of the initial steps in this research was to produce a comprehensive list of common
driving scenarios in which there is some form of communication between drivers.
Scenarios are a helpful tool to aid researchers ithe design process and are explained in
the methodology chapter §eesection 3.4). These use case scenarios were creatég the
researcherbased on the diagram presented in sectiof.1 and the task analysis presented
in section4.2. Each driving scenario was then further analysed and grouped, based on the
list of variables presented in sectior4.1.1 According tothe similarities and differences
of each scenario of this full set, a sub set of seven scanarwasthen developed. With this
set of specific scenarios, it was possible to cover a wide range of different forms of
communication between drivers. For the purposes of the studies investigated in thithD
research and the analyses carried ouit was necessary to select a very specific scenario.
It is important to note, however, that each one of these specific scenarios is
representative of a wide range of similar situations in which this kind of communication
might be necessary The Table 4.2 presents a brief description of the
social/environmental context involved in each scenario. This table also presents
information regarding which chapters of this thesis the senarios are describedn and in
which studies they were investigated. A more detailed description of each scenario,

including which variables they are related to, is presented in the next section.
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Table 4.2. Use case scenarios

Use
Title Task Social/lenvironmental context Chapters | Studies
case
) Inquiry about unexpected driving
UC_01A| Slow vehicle | Send 05, 08 A E

behaviour

) | Driver status as acknowledgment of
UC_01B| Slow vehicle | Receive o . 05,06 A,B,C
unexpected drivingbehaviour

. Send 05 A
Social ) o _ )
uc_o02 | ) Friendly, non-driving related interaction
Interaction Receive 06 B, C
U 03 Vehicle Send Vehicle status as acknowledgement of 08 E
problem Receive driving behaviour 05, 06 A C
Send Acknowledgement of direction of 05 A
UC 04 | Give way movement and giving permission to pull in
Receive| front 06 B
UC 05 Block Send Apologetic message as acknowledgment of 05 A
junction Receive unintentional driving manoeuvre 06 B
Send 08 E
UC_06 | Incident info Broadcast of environment status
Receive 06 B,C
] Inquiry about unexpected driving
UC_07A| Cutinfront | Send 08 E

behaviour

) | Apologetic message as acknowledgment of
UC_07B| Cutin front | Receive o 06 C
dangerous driving manoeuvre.

4.3.1 Description of scenarios
The list of use case scenarios selected for this research does not cover all possible
situations, but they were narrowed down so that all the variables affected in the

communication process are covered in at least one of these scenaridsble 4.3 shows
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how each use case scenario relates to the variables that affect driver-driver

communication.

Table 4.3. Variables and use case scenarios

Scenarios
Variable
UC 01A UC 01B| UC_02| UC_03| UC_04| UC 05/ UC 06| UC 07Al UC_07B
Cardinality X X X X X X X X X
Window of
_ ) X X X X X X X
interaction
Vehicle location X X X X X X X X
Shared interest X
Trust issues X X X X X X
Anonymity of
X X

sender
Passenger effect X X X X X
Purpose of

o X X X X X X X X X
communication

4.3.1.1 UCO01z Slow vehicle

This use case scenario depicts a situation in which the main driver is behind a slow
vehicle travelling below the speed limit. In this scenario, both vehicles are travelling on a
single carriageway with a steady flow of oncoming vehicles, which makesviery difficult

for the main driver to overtake the slow vehicle. In addition, if there is no place for the
slow vehicle to pull over, a long queue of vebles behind may soon be formed.

This use case scenario is very relevant to the road environment, as reseh shows that
driving too slowly, especially on high-speed roadsis very dangerous and can cause

accidents(Aberg & Rimmo, 199§. In particular, there is the potential fordrivers behind
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the slow vehicle to become angry subsequently negatively affectingtheir driving
behaviour. However, not all countries have specific laws regarding driving below a
minimum speed limit. In the United Kingdom, drivers are just dvised not to drive too
slowly (Driving Standards Agency., 2013
This use case scenario is divided into two possible situations, which vary according to the
slow driver being the one responsible for sending the message or the one receiving it. In
the first situation, the slow driver is not aware that they are driving too slowly for that
type of road and they are informed or reminded about this (UCO01_A). In the second
situation, the slow driver is aware of their speed and wants to inform other vehicles the
reason for driving so slowly (UCO1B). For this second situation, three possible reasons
for driving too slowly were investigated. The first reason might be a problem with the
vehicle; the second reason might be that the main driver is an elderly person and the third
reason is that the maindriver is lost.
In scenario UC01_A, the cardinality of communication is ofte-one, in which the main
driver sends a message to the slow driver in frontConversely, n scenario UC01_Bhe

slow driver sends a message tmultiple vehicles behind them.

4.3.1.2 UCO02z Social interaction

This use case scenario depicts a situation in which the main driver is travelling in theft-
hand lane on a motorway travelling at no less than60 mph. The main driver then moves
to the middle lane and they are about to overtake theehicle in front when the main
driver notices something about the car in front that attracts their attention, such as a
sticker on the back. This could indicate a shared interest such as a football team they both
support or that the other driver comes fran the same town as the main driverBumper

stickers are a ubiquitous part of modern society and allow drivers to share their ideas,
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values and identitieswith others (Case, 1992) The main driver would then like to let the

other driver know about this shared interest(Esbjornsson et al., 2003).

4.3.1.3 UCO03z Problem with the vehicle

This use case scenario depicts a situation in which the main driver is travelling on a
motorway in the middle lane about to overtake the car in front. The main driver suddenly
notices that the other car has a problem, such asdeflated tyre, a passenger dor not
properly closed, or a broken backlight. The other driver apparently is not aware of this
problem. The main driver would then like to alert this other driver about the problem, so
they can make an informed decision about what to do. Depending on tpeoblem of the
vehicle, this could lead to a serious accident and the other driver shoupdill over as soon
as they canThis form of brief traffic encounter relating to sharing information about the
other vehiclehasbeenusedpreviously as part of an irvestigation of different road design

spaces(Ostergren, 2006).

4.3.1.4 UCO04z Request to give way

This use case scenario depicts a situation in whighe main driver is leaving a car park,
but they have to stop at the exit becausthere is a traffic light at the end of the street,
which is full of stationary vehicles waiting for the red light to change. This exit is also
located right in front of a zebra crossing and the main driver cannot stop their car on it.
Moreover, this is avery busy street and the main driver knows that if they do not enter
the road immediately the traffic light turns to green, it will be difficult to have another
chance to drive into the road. The main driver then decides to inform other drivers on the
road right in front of them that they want to pull in in front of them as soon as thk traffic
light turns to green. Therefore, the main driver seeks the approval of the other motorist

for their manoeuvre, without which this could be viewed as an aberrant drivig
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behaviour (Aberg & Rimmo, 1998 leading toan aggressive reactiorirom the other driver

(e.g. honkng the horn) or even a collision.

4.3.1.5 UCO05z Apology

This use case scenario depicts a situation in which the main driver isassing a junction

when suddenly all the cars in front of them stop for no apparent reason. This is something

the main driver was not expecting and they do not know what has happened in front.

4 0AEEEA AT T AO O A OOAT #drEtheimiddd ofitheuechon i AE |
unable to move The traffic lights for the other road turn green and the main driver
notices that their car is the only one blocking the cars coming from this road. The main
driver feels bad about this and star$ thinking about the reaction of the other drivers. The

main driver would then like to send an apologetic message to all oncoming vehicles
explaining that it was nottheir fault in order to avoid any aggressive reation from the

oncoming motorists, for example honking the horn (Shinar, 1998.

4.3.1.6 UCO06z Incident on the road

This use case scenario depicts a situation in which the main driver is travelling on a single
carriageway and notices an incident on the other side of the road. Thiscident could be,
for example, an accident, animalcrossing the road, a pothole or changes in weather
conditions (Normark & Juhlin, 2005. The main driver would like to alert all oncoming

vehicles &out this incident.

4.3.1.7 UCO07z Cutting in front

This use case scenario depicts a situation in which a driver cuts in front of another car,
forcing the driver to suddenly reduce their speed. This scenario is also divided into two

possible situations. In the first situation, UCO7A, the main driver is the driver who cuts in

front of the other and would like to send an apologetic message. This scenario is similar
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to UCO5 withdifferences in terms of the cardinality of interaction. In the second situation,
UCO07_B, the main driver isn the vehicle behindand would like to alert the vehicle in
front of their dangerous driving behaviour.A very similar scenario has beersuccessflly
used before to investigatewhether road rage is triggered by driving behaviour or

characteristics of the aggressive drive(Dukes, Clayton, Jenkins, Miller & Rogers, 2001
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5 Exploratory investigation into the feasibility of a

driver -to-driver communication device (STUDY A)

5.1 Introduction

This chapter describes in detail the first study of this research (STUDY Ahis studyis

an exploratory investigation into traditional means ofdriver -to-driver communication
and the effectiveness of a hypothetical electronic communication device on the outcome
of interactions between drivers.The general aim of the study was to investigatearious
communication issues raised while driving a car, and how a hypothetical electronic
device could address these issues. Participants were asked to give their opinions on
several different driving scenarios involvingcommunication between drivers.

Three objectives were identified for this study in order to accomplish this general aim.
The first objective of this study was to investigate ways, either formal or informal, in
which drivers communicate with other motorists without the use ofan electronicdevice
(OBJ 01).

A4EA OAATT A T AEAAQGEOA T &£ OEEO OOOAU xAO Ol
DDCD. Driver acceptance (OBJ 04) was briefly investigated as participants were asked if
they would use the device to exchange messages in each onehef $cenarios presented

to them. Participants also reported their opinions on the main advantages and
disadvantages of a DDCIOn message presentation and system interaction with the DDCD
(OBJO05).

The last objective was to understand some of the factors thanfluence the driver-to-

driver communication process. Some of these factors are presented in the drivier-
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driver communication framework described insection4.1.1 Finally, based on the results,
design recommendations are described at #hend of this chapter (OBJ 06).

This study was published in the proceedings of the 2014 Automotive User Interface
Conference(Lamas et. al, 2014 A different paper focusing on the technological aspects
of the DDCD found in this study was also accepted as a social vehicle workshop paper for

the sameconference(Lamas et. al, 2014b)

5.2 Method

5.2.1 Participants

A sample & 24 participants, 15 male and 9 female, took part in the study. Participants
(male and female) hadowned a valid driving licence for at least five years (mean = 25,
SD=14.) and droveregularly at least three times a week. Almost all of them (92%) dwe
rAcOl Al U &£ O AO 1 AAGO om 1 ET OOAG A xAAE 1
64 (mean=42, SD=16.5). All participants finished the study and were not paid to take part

in it.

5.2.2 Driving scenarios

This was the first study in which the set of drivingcommunication scenarios described in
Chapter04 (seesection0) was used. As described isection 3.4, scenarios are a powerful
design tool to elicit opinions from participants. The scenarios in this study were
presented in textual form, each one on a separate sheet of paper. At this earlygs of the
research, this form of presentation proved to be particularly appropriate to conduct an
initial exploratory investigation of a hypothetical device. The subset of six scenarios
specifically used in this study with their reference number is deschbed briefly in Table

5.1.
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Table 5.1. STUDY A Driving scenarios

Scenario Nature Description

The maindriver is late for an important appointment due to heavy
) unexpected traffic. When they are about to reach their destination

01 Slow vehicle ] ) ) ]
they come up behind a very slow driver on a single carriageway, an

are therefore unable to overtake.

) The main driveris driving calmly on a single carriageway on a Sunda
02 Tailgate ] . o
morning when an apparently angry driver starts tailgating them.

Friendly interaction between the main driver and the other driver on
03 Social a motorway. Several examples of situations were presentetd the
ocia
interviewee such as seeing an old school friend, a celebrity or a persc

with the same interest as them (e.g. football team supporter, TV show

4EA T AET AOEOAO 11 O0EAAO A DPOI Al

deflated tyre) while overtaking.

04 Problem

The main driver is leaving a building (e.g. car park). The exit is locate

near a zebra crossing on a very busy street and in front of red traffi
05 Manoeuvre light with a queue of stationary vehicles waiting for the traffic ligls to

change. To be able to enter the road, another driver needs to kbiem

in.

Due to traffic stopping suddenly and unexpectedly, the main driver it
06 Apology stuck in the middle of a junction blocking vehicles coming from the

other direction.

5.2.3 Procedure

A pilot interview was conducted before the beginning of the study, not only to evaluate
the questions but also to confirm that there would be enough time to cover all the
scenarios. Participants initially read an information sheet containing deis about the
steps involved in the study. Participants then read and signed the study consent form.

After that, participants filled in a short demographic questionnairgsee Appendix iii page
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370) containing general questions about their gender, age, driving experience and
competency with technology.

The researcher did not explain to the participants what tke hypothetical device would be
like and left it open to heir imagination without any further information. Participants
were only asked to imagine an electronic device available in the vehicle, which would
allow them to exchange messages with other driversParticipants were then presented
with one detailed driving scenario at a time on a separate sheesde Appendix ii page
364). After reading the scenario, the participants were allowed to ask the researcher any
guestions to make sure they had fully understood it before the researcher started askjn
guestions about the scenario.

The interview process was semstructured and was audio recorded. The researcher
asked patrticipants questions regarding the scenario they had i read based on the
interview script designed beforehand Eee Appendix i page359). Depending on their
previous answers, further probing questions were also asketo clarify their meaning or
elicit further information. After all the questions regarding the scenario had been
answered, participants were then presented with the next scenario and the same process
started again. All participants answered questions baskin the same set of six scenarios.
The scenarios were presented to each participant in a different order. The following same
guestions wereasked first for each scenario:

1) What would you do in this scenario without the device?All scenarios)

2) Would you serd a message to the other driver using a hypothetical device? If so,

what would you say? (All scenarios except scenario number two)

3) Would you accept a message coming from the driver behind you? (Scenario

number two only)
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The researcher then asked the partipants other probe questions, more closely related
to eachscenario, such as:

1) Would you engage in a prolonged conversation with the other driver ifhie device

allowed you to do so?

2) Would you do anything different if there was a passenger (e.g. child, bossyther,

client etc.) with you in the car?

3) Would you send the messageotthe other driver anonymously?

4) Would you consider sending this message to all drivers waiting for the traffic

lights to change?
After the questions from all six scenarios had been an®ked, the researcher then asked
all participants the same following general questions, mainly regarding the hypothetical
electronic device and other driving scenarios:

1) How do you think would be the best way for you to interact with this electronic

device?

2) Have you ever experienced any other situation, not mentioned previously, in

which you wanted to communicate something to the other driver but could not or

felt that the communication was not effective?

5.3 Results and discussion

The results of this study are pesented in three sections, each one covering one of the
main objectives of this study. The first section describes the results regarding the
different ways that drivers interact with other motorists without the use of a DDCD. In

the second section, pariE DAT 008 OEAxO 11 A $$#% AOA E/
section are specifically about the advantages and disadvantages of a DDEDD the use

and interaction of the device. The last section of the results focuses on factors involved in
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driver -to-driver communication such as the cardinality of interaction, passenger eiftt

and vehicle identification.

5.3.1 Traditional means of communication

For all scenarios, the researcher initially asked what participants would do without the
hypothetical device. The term taditional means of communication refers to all forms of
interaction between drivers without the use of an electronic device. This essentially
means using the vehicle signalling tools (e.g. indicators, lights), but can also refer to other
forms of communiation such as gestures, eye contact and movement of the vehicle.
Participants reported many ways of communication, mainly because each scenario
involved a unigue context, i.e. different communication issues in different road
environments (e.g. notorway, single carriageway).

The means of communication reported by participants were grouped in six general
categories, which are displayedn Table 5.2. These categories depicall the forms of
communication (or lack of them) in the six driving scenariospresented to the

participants.

Table 5.2. Categories of traditional means of communication

General categories

NA No action/contact
GS Gestures

SD Signalling devices
MV Manoeuvre

EC Visual contact
VC Verbal contact
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All the traditional means of communication mentioned by the participants are displayed
in Table 5.3 grouped according to the general categories. Almost all of them are
considered informal ways of communication not defined by official driving authorities
(Bjorklund, 2005; Cialdini & Trost, 1998 Wilde, 1976). When trying to communicate with
the other driver, participants reported using more than one of these means of
communication. For instance, when letting the driver behind oertake (tailgate scenarig,
participants reported they would, for example:

1) Slow down;

2) Use the indicator to inform the other driver when it was safe to overtake them;

3) Pull over when/if it was safe for them to do so;
For this reason, the values inrable 5.3 add up to a figure much greater than the total
number of participants. Some means of communication were mentioned by participants
much more than others. For example,@ne participants reported that they would honk
their horns or flash their headlights in all scenarios except in two of themtdilgate and
apology). On the other hand, some means of communication such as raising the hand to
say sorry or shrugging are much rare specific and are related to only one scenario in
which the main driver wishes to apologise to others.
Further analysis of these means of communication reveals that some of them have a more
aggressive connotation, such as tailgating, shouting to othemrider and showing the
fingers. They are employed in the first two scenariogslow and tailgate) where the main
driver is more likely to feel angry.
In addition, Table 5.3 shows that in some driving scenarios, a broader range of ways of
communicating from one specific group are more used than others. In scenario number
four (problem - deflated tyre), participants reported they would use more signalling

devices and gestures than any other category. In scenario number tWiailgate), on the
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other hand, participants would try to communicate with a broader array of ways using
their vehicle (i.e. manoeuvre related) and gestures.
These traditionad means of communication followthei T AAT O T £ AOEOAO0OS
interaction reviewed in section 2.3.2.2 In the original model of Portouli et al. (2012),
Driver B (i.e. the participant)respondsto anindication of action started byDriver A. This
responseis the means of communication presented iffable 5.3 and this varies according
to the context of interaction (i.e. different use case scenarios) For example, five
participants reported they would wave a handout of the car in response to an action of a
tailgate vehicle.By doing so, those drivers expect that the driver behind would overtake

them.

Table 5.3. Traditional means of communication in each scenario

GENERAL MEANS OF DRIVING COMM. SCENARIOS

CATEGORY| COMMUNICATION Slow Tailgate | Social | Problem Manoeuvre | Apology | Total
Avoid car/ Avoid 11
eye contact 3 8
Wait 7 7

NA ]
Do nothing 4 8 3 5 20
Close window 2 2
Total 4 8 6 7 15 40
Raise hand 6 6
Shrug 5 5

GS
Wave 10 10
Hand out of car to 5
signal to overtake 5
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DRIVING COMM. SCENARIOS

GENERAL MEANS OF

CATEGORY| COMMUNICATION Slow | Tailgate | Social | Problem | Manoeuvre | Apology | Total
Show finger 1 1
Signal to calm 1
down through rear
view mirror 1
Point to hard 2
shoulder 2
Point to tyre 13 13
Thumbs down 1 1
Hand gesture 15
asking permission 15
Thumbs up 2 2
Total 7 12 16 15 11 61
Honk the horn 11 9 7 5 32
Flash headlights 12 1 4 1 18

SD Indicators 5 1 6
Hazard lights 1 1 2
Total 24 5 10 13 6 58
Edge car forward 7 11 18
Speed up 2 2

MV Slow down 5 1 6
Tailgate 1 1
Pull Over 13 13
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GENERAL MEANS OF DRIVING COMM. SCENARIOS
CATEGORY| COMMUNICATION Slow | Tailgate | Social | Problem | Manoeuvre | Apology | Total
Let other driver 17
overtake 17
Overtake 3 3
Total 4 37 1 7 11 60
EC Eye contact 1 3 3 7
Say sorry 4 4
Say something 2 2
Ve Shout at other 1
driver 1
Total 1 2 4 7
Total of responseser scenaria 38 51 30 39 38 49

It was apparent from the analysis that themeaning of these traditional means of
communication is not clear and in most cases useless;cording to two participants.

Or 7TEOET 0O OEA AAOEAAY ) AAEET EOAT U xI O A |
and then pointing over to go to the hard shlder insinuating that there was something
wrong with the car and he needs to go over. But if the driver is in the middle lane and there
EO T1OEET C ET OEA O1i1x 1 AT A OEAU 1 ECEO OE
hoggers, becase therearedT | AT U (P2 OEAI 80

O8BEZLZ OEA 1T OEAO AOEOAO A1 AGEAO EEO EAAAI ECE
on the road, police check, problem with your car. Sometimes the driver is just saying hi to

you or he mistakes you for someone elseQYOAT 1 60 ET 1T x xEAO Ol Al
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reduce your speed. When nothing happens ahead on the road you start wondering why the
I OEAO AOEOAO &I ACERGS) EEO EAAATI ECEOO AO UT
5.3.2 Driver -to-driver communication device

5.3.2.1 Driver acceptance of a DDCD

OneofOEA T AEAAOEOAO T £ OEEO OAOGAAOAE xAO OI
This objective was initially investigated in this studyas the willingness to use the device

to send/receive messagesFor all scenarios excepthe tailgate one, the reseacher asked

if participants would send a message using the hypothetical electronic device. Fibre
tailgate scenario, the researcher asked if participants would accept a message through

the device coming from the driver behind. The results are displayed figure5.1.

Would you send a message using the electronic device?

25

20

I 1 H¥es

oy
B
&

Figure 5.1. DDCD acceptance

Some of thereasons reported by participants for sending or not sending a message using

the electronic device are displayedn Table 5 .4:

Table 5.4. Reasons for sending/not sending a message using DDCD

Reasons for sending message Reasons for not sending a message
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Calm down own embarrassed feeling by being abl Participants emotional fedings at the moment (e.g.

to say sorry andexplain it was not their fault too stressed to send a message)
| OEAO AOEOAO EO 1160 Reaction of the other driver (e.g. angryaggressive)
intentions

Possibility of clearly alerting other drivers of what Acceptance that the message&ould not change the
is going on so they could benformed and take situation

appropriate action (e.g. change their route)

If traditional means of communication take longer Effectiveness of the traditional means of
to be executed or proved to be unsuccessful. communication, i.e. something that it is already
being done without the device and proved to be

working successfully.

5.3.2.2 Advantages and disadvantages of a DDCD

During the interview, participants made many comments about the advantages and
disadvantagesof using the device for the driving scenarios. According to the participants,
OEA 11060 EIi PIi OOAT O NOAI EOU 1T &£ OEA AAOGEAA
Drivers can say exactly what they want instead of flashing their lights or honking their
horns, which can be unptasant.

EO O1 1T AAAOOAOU O1 OOA OEA AAO

m\
O

0) OEEITE
AAOGEAA AT EOO Al AOAET OECGT Al xEAT OAAAEOEI
the other driver. The device alone is ategantardeffEAEAT O | AAT O T@BDAT I i
The devicewas also consideredy participants to be particularly useful to inform drivers

or attract their attention without being too distracti ng. It was felt that it could be used to

draw their attention to something they may not have realised they had done, such as
cutting in front of the other driver or driving way below the correct speed limit for the

road. It could also be used to make drivers aware of safety issues likeleflated tyre or

an accident on the road.According to participants, he device is alsovery appropriate to

alert other drivers of an emergency situationThe DDCD can be used when drivers cannot
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make visual contact with the other driver, for example at night. This could also ltee case
of a lorry driver or if the other cars have tinted windows.

In an aggressive scenario such as tailgatinghich is a type of low level incivility, the
outcome of the interaction with a DDCD could be positive, but it could also wery
negative ifthe message was sent with an aggressive tone. Most participants reported that
they would think carefully about how to phrase the message to avoid making the other
driver angry. They would avoid making an aggressive situation even worse by interacting
with the other driver and possibly antagonising themAccording to the review of the
literature in conflict resolution, the avoidanceof action is strongly related to the feeling
of disapproval in low level incivilities (Smith et al, 2010).

Some other issues related to the device were alswted by participants. Drivers could
abuse the device, notising it for its real purpose.

O03AUh &I O AgAi Pl Ah EZA£ OEAU xAT O O1 1 OAOOAI
a problem with your car, you nee@1 D OI1(P22)i OAO8

According to participants, his abusive use could lead to trust issues regarding the content
of the message and on the real intentions of the driver. Trust is of paramount importance
and influences driverto-driver communication. This variable is describedin the
framework presented in Chapter 04 (see section4.1.1.6).

The device could also be used in frivolous communication, which could lead to an
overload of messages causing driver distraction and potential dangerous. Therefore, one
participant (P17) mentioned it is important to establish a set of rules of etiquette fo
using the device similar to those which already exist faihe Internet (Shea & Shea, 1994
Another limitation of the device mentioned by participants is related to the short window

of the interaction in some situations. This is a relevant variable described in the driver

to-driver communication framework (seesection 4.1.1.3. For some scenarios, it could
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take longer to use the device to send a message than to use any of the traditional means
of communication. This could be due to several factors such as the speed of baghicles
(e.g. overtaking on a motorway) or to the nature of scenario (e.g. quick change of traffic
light, vehicle blocking othes for a short period of time). The effort required to produce
information is one of the costs described iffable2.2 to establish common ground, which
varies according to the media type.
Using the device does not necessarily mean that drivers have to abandon the traditional
means of communic#éion that they have been using for so many years. According to
participants, the traditional means of communication could still be used in situations
where the device is not effective. Alternatively, a combination of both forms of
communication (i.e. tradtional and DDCD) could be used.
O)1 OEEO OAAIApddgy | thinBthafttie AonBifation of the device and hand
OECT Al x1T O A AA 11T OA AEEAAOEOAG j0tuv(Q
O)lT OEEO AAOGA ) xI1 Ol A £ AOGE iU EAAAImMEEOO
i AOOACA OOEP@) OEA AAOEAAG
0) £ OEA 1 OEAO AOEOAO AEAT 860 OAPI U O1T 1A )
PAOET A EO OIT OET 0006 jOotT0(Q
O) xI 01 A &A1 ACGE 1 U EAAATI ECEOO EEOOOeiddaskAOO
tAEAT 60 xT OE6 jOotuqQ
5.3.2.3 DDCD interaction and messages
At the end of the interview, participants were asked how they imagined the best way to
interact with the hypothetical electronic device would be and what the content of the

message should be. Most participas (18 out of 24) considered themselves competent

or highly competent with technology.
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5.3.2.3.1 System interaction
During the interview, participants were asked how they imagined the most effective way
to interact with the hypothetical device to send and receive nesages, considering all

scenarios. The results are displayed ifkigure 5.2.

Interaction type

m Smartphone/pager like

m Button on steering wheel
Voice activated

B Touchscreen dashboard

= No answer

Figure 5.2. Participants who mentioned specific ways of interacting with a DDCD

Since communication with other drivers is potentially distracting from the driving task,
participants reported that they would only interact with the device by speaking. The
driver would say a command out loud suclAO O3 AT A - AOOACA6 AT A
understand and execute it. However, according to one participant this current technology
needs to be perfected, as the device might not capture exactly what was said.

Drivers could also interact with the device by presing a button. This button could be
located on the steering wheel or as part of a touchscreen multimedia centre on the
dashboard of the vehicle. It was also suggested that the electronic device could be a
smartphone with a specific app or a pagelike device that could flash when a message

was received.
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A combination of two methods was also suggested. The driver could press a button on
the wheel to activate the device and then say out loud the command to be exealt&
message to be transmitted.
One interaction issue was found when the user needs to send the same message to
multiple drivers. Using a device similar to an IVNS, drivers could see other vehicles closer
to them and touch on the vehicles on the device to select which ones they would like to
send a message to. However, no matter which method is used, this task is likely to be
particularly hard to accomplish. One possibility would be to send the message to all
drivers within a specific range from the main driver (e.g. 500 metersowever,a driver

located in a place not affected by the incident wdd still receive the message.

5.3.2.3.2 Message content

The content of the message being relayed is of prime importance. This could be either a
free content(FC)or the content could be fixed and selected from a pdefined list (PDL).
For the latter, the driver would just select the topic of the message and the device would
send a predefined standard message, while for the former the content could be anything
the driver wants. Each one has advantages and disadvantagend both were mentioned
by participants.

On the one hand, devices with FC functionality could be used in all scenarios and\aey
suitable for unique emergency cases. Moreover, the intentions can be clearer if drivers
can explain with their own words. However, it is important that the user phrases the
message in the correct way to get the desired results and tries to use a friendgne to
avoid aggressivenessAlso, drivers should avoid usingcomplex grammar and difficult
vocabulary which could have a higher cost for understanding in terms of establishing

grounding techniques aspresentedin Table2.2.
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On the other hand, a device with PDL functi@lity could only be used for the specific
situations for which it was designed. The predefined messages could be grouped by
scenarios such as Traffic Jam, Friendly Message with soienus like Alert, Ask for
Permission etc. A PDL device would be very apppdate to avoid aggressive content or
bad languagewhich would lead to unpleasam and uncomfortable situations.Participants
stated that it would be good to have both forms with the PDL being a shortcut (i.e. quick

interaction) and the FC being an optiono cover scenarios not available on the PDL menu.

5.3.2.3.3 Message type

Another concept related to the HMI of the device concerns by which means a message
should be received by the drivers, which could be auditory and/or visual. An auditory
message could be transf@OAA xEOE OEA AOEOAOOGS8 AAOOAI
computer-generated voice). Most participants would prefer the latter, especially if they
do not know how the other driver would interpret the tone or qualities of their voice or
react to the voice of a driver from a different social / cultural background or a person
from a different nationality. One participant mentioned (P03) that it would be important

to have a female and a male voice to differéate the gender of the driver.The message
with the actual voice of the drivers would carry their emotions (e.g. aggressive, polite,
and sad). There is relevant literature showing that synthesized voices can have an
bl OEOEOA 1T O 1T ACAOEOA AAEAEAAD (Nabs&bhekj280L fhs O Al
could lead to different outcomes, for example, the situation could be deakith or the
other driver could become angry resulting in a road rage scenarioln terms of

establishing common ground, aditory -only messagesan havea lower costof reception

when compared to textual messages, but can haaemuch higher cost to displaysome
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non-verbal cues such as gestures and nods when compared to graphical messages (see
Table2.2).

Participants mentioned a multimodal output in which a short message (e.g. Thank you,
Sorry) could be heard and displayed visually. Different external factors may affect the
way a driver would want to receive the messagdf a message is long it should not be
provided visually but by audio Wickens (1992). Short messages, on the other hand are
better provided visually.

0) x1 Ol A DPOAEAO O OAAAEOA A 1 AOGOGACA EI
listening to the radio, | wouldn't like to receive an audio message from the other driver. It
should lave an option to choose how the driver would prefer to receive a message.
$APAT AET ¢ 11 OEA AAU UT O xiI Ol A T1T0 xAl1T O Ol
No matter how the message is transmitted, it isrucial for the driver to receive some form

of alert that the message has been successfully sent and that the other driver has
read/listened to the message.This is avery important step towards reaching the
grounding criterion of mutual belief which is the main concept behind common ground
reviewed in section2.2.1 One participant (P03) suggested it would be good to have a
similar form of confirmation available on a mobile message apf'WhatsApp," 2014

which shows an image of one tick when the message has been transmitted and two ticks

when the message has been read.

5.3.3 Factors influencing the driver -to-driver communication process
During the interview, participants were asked several questions related to factors that
may influence driver-to-driver communication. Some of these factors are particularly

relevant to specific scenarios. The factors investigated in this study apart of the driver-
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to-driver communication framework introduced in Chapter 04 (seesection 4.1.1 page

93).

5.3.3.1 Shared interest

Scenario number three(Social) depicts a situation in which there is a shared interest
between the two drivers. Specificallyin this scenario, participants were asked if they
would engage in a prolongedconversation with the other driver if the device allowed
them to do so. A total of 13 participants said they would prefer to give the other driver
their contact details (e.g. email, mobile number) or invite them to stop at the next service
station to talk rather than use the device to communicate for a longer period. The main
reason for not using the device to engage in a prolonged conversation would be the
cognitive demand associated with this interaction, which can reduce driving performance
and increasedriver distraction. This is in accordance with the literature that proves that
brake reaction time (e.g. to a lead vehicle slowingjs increased when drivers engage in a
conversation using an electronic device such as a mobile phone even if it is hatidse

(Consiglio, Driscoll, Witte, & Berg, 2003Strayer, Drews, & Johnston, 2003

5.3.3.2 Cardinality of interaction

One crucial factor involved in the driverto-driver communication process as with any
form of technology-mediated communication, is the cardinality of interaction. Drivers
can send a message to only one vehicle or to multiple vehicles. This variable, athis part
of the driver-to-driver communication framework presented insection4.1.1.2 was dso
investigated in this study.

In scenario number five- Manoeuvre, (i.e. the main driver wants the other driver to give

way) participants were asked if they would send a message only to the driver next to
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them or to multiple drivers waiting for the traffic lights to change. The main reasons for
sending a message tmultip le drivers or only to the ones next to them are displayeéh

Table55.

Table 5.5. Reasons for sending messages toonly one or multiple drivers

MULTIPLE DRIVERS ONLY ONE DRIVER

Good to let other drivers know abou A ET A ¢ Only the driver next to main driver may see them

intention.

If one driver does not giveway maybe the one Only the driver next to the main driver needs to

behind will. take action

The manoeuvre could affect more than one car, i.t
the main driver may need to go in front of more

than one car, perhaps in another lane.

The main reason for drivers to interact with each other is to make their intentions clear
(Bjorklund, 2005). For this reason, according to the participants it is important to let all
AOEOAOO AA AxAOA 1T &£ OEA [ AET AOEWSAffected byET O/
the manoeuvre.

5.3.3.3 Passenger effect

One factor that could have a significant effect on the interaction between two drivers is
the presence of passengers in the vehicl®&lone of the driver communication models
reviewed in Chapter02 includes passengers.This PhDresearch aims to buld on these
models byexploring this factor. Passenger effect is presented as one important variable
in the driver-to-driver communication framework in Chapter 04 (see section 4.1.1.8.
Participants were asked if they would do anything differently if they had a passenger with

them in the car, imagining this passenger could be anyone (e.g. family, friends, colleag)
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etc.). This question was asked in scenario number two, which depicts a tailgating
situation.
Most participants said they would not do anything differently if they had a passenger with
them in the car. One participant saidhey would feel more inhibited to react if there was
a passenger withthem. Another participant reported they would feel more stressed
experiencing the same situation with a passenger, while another one mentiondtey
would feel the need to be more sensible becauskey would beriskinC T OEAO DAI
lives.
One participant said that ifthey had an adult passengeithey would askthem to send the
message using the electronic device to the other driver, in order to avoid being distracted
from driving while using it (P13). However, the sane participant reported they would act
differently if there was a child in the car. They would only send a message in this case if
it involved the safety of anyone in the vehicle. Four participants would not reply or send
a message in the first case becaeshey would want to avoid their passengers witnessing
an aggressive scenario, especially if the passengers were their sges, children or older
parents:
O0) &£ ) EAA A PAOGOAT CAO ) xT OI A AA 11 0OA 1 EE/
I would be more likely to send a message if | was driving on my own. Especially because my
DAOOAT CAO xT O A AA A AEEIT A T O A xT1 AT 806 j I
O) &£ ) EAA A PAOOAT CAO xEOE T A ) x1 01 AT80 |,
AEAT 60 xAT O OIOEDWAABGDOEAIOE Al PALOET 8 $ADAT A
OEAOCB8O 11060 A POTAI Al AOO EZEZ EOCB8O 1 U 11 OEA
would probably reject themessagé(P20)
These results are in accordance with the literature. According tBannefer (1977), the

presence of passengers can have an effect on drivers, increasing their responsibility of
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being competent, leading to either cautious orisk taking behaviour depending on who
the other passenger is.

Two female participants reported they would feel more secure if they were with a male
passenger (P08, P15). Only in this situation would they be willing to send a message to a
driver who they thought had done something wrong.

0) &£ ) EAA A T AT A PAOOGAT CAO xEOE 1 A 1 AUAA
definitelynot. NotE £ EO xAO Al ARIGHOAOOEOA [ AOOACAG
The female participants both explained that the reason for this is that they wuld feel
afraid of a possible aggressive reaction from the othealriver. However, a specific study
found no significance difference oress serious forms ofvictimization by gender (Smart,
Mann, & Stoduto, 2003.

This resultlinks directly to the review of the literature presented in section2.2.4.2 which
states that the feeling of fearin conflict situations in the automotive contextis very
common. Drivers prefer to avoid any sort of conflict with other motoristsevenwhen this

feeling has a very shortalf-life after the event

5.3.3.4 Vehicle identification

Vehicle identification is an important task in the process of sending a message, according
to the task analysis presented insection 4.2. Therefore, one highly sigificant point
initially raised by this study is how the vehicle should be identified. This could be by the
last 3 digits of the number plate of the vehicle or the whole number plate, for example
O$OEOAO 26poc 287 OAUO 4EATEOO6S8

One participant mentioned it would be good to inform not only the number plate but also
the colour, make and model of the vehicle (P0O1). However, another participant reported

that, depending on the scenario, the driver might not be able to see the number plate of
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the other vehicle makng it difficult to identify which driver sent the message (P06). There
could also be more than one vehicle with the same colour, make and model nearby. Two
participants then suggested the device could be similar to a satnav in which the vehicle
that sent the message would be displayed or highlighd on the display (P06, P10)An
on-road exploratory study (STUDY D) was designed to cover this specific task of vehicle

identification (see Chapter 07 pagé&97).

5.3.3.5 Anonymity of sender

The vehicle that sent the message could also remain anonymous and not be identified in
any way. The anonymity of the recipient is another highly relevant variable in the
communication process, which is depicted in the driverto-driver communication
framework on page89. The researcher asked participants if they would send a message
anonymously to the oter driver if the device allowed them to do so. This question was
asked in scenario three in the context of sending a message to the other vehicle about
Oli AGEET ¢ OEAO T ACAOEOAI U AOOOAAOAA OEA b/
out of the ca window. A total of 11 participants would send a message anonymously,
while eight participants would not. Five participants reported that this would depend on
several factors.Table 5.6 shows the pros and cons of sending anonymous messages
according to the participants along with some examples of factors which would influence
the decision to engage in aanonymous communicaton or not.

Most of the reasongeported by participants for not identifying themselvesis to maintain

the anonymity of the automotive context. However, this anonymous nature is one of the

main reasonsfor the high level of incivilities an the road, as revewed in section2.2.4.1
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Table 5.6. Anonymous messages pros and cons

Pros Cons Depends
To say something thatdoes not It could lead to abusive use How dangerous, dishonest or
require a reply from the other unreliable the other driver
driver looked
To avoid an aggressive response The other driver would How the other drivers would
from the other driver that could  probably know who sent the react to the message
lead to a road rage scenario message

The participants would always  The level of offence committed

like to identify themselves by the other driver

5.3.3.6 Driver status
The electronic device could have &unctionality that allow s drivers to add their status at
that particular moment. The driver status could provide contextual informationto help
other drivers to understand the situation and assist them in theirdecision-making
process At the same time the drivers who share ther status canfeel more connected by
allowing their social expression(Rakotonirainy et al., 2014 and thiswould alsopromote
social awareness to other driversThis is one ofthe main conceptsof the area ofsocial
vehicleswhich is reviewed in section2.3.3. This statuscould be any of the following:
1 Emotional feelings (e.g. happy, sad, excited, angry);
1 Reason for driving behaviour (e.g. they are lost / novice drivers / foreigners/
elderly drivers, have a sick passengehave a problem with the car);
1 Anything else they want to share with others (e.g. what they are thinking, lvat
they are going to do etc.);
This status would be displayed on the device to other drivers. A similar concept has been

implemented on Drivemotion ("Drivemotion,” 2014). The researcher then presented to
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the participants the hypothetical situation in which they would have access to the current
status of the other drivers. Fifteen participants declared that if they had access to this
information beforehand they would act differently in some & the communication
scenarios.
Participants reported they liked this functionality mainly because it would be good to
understand the reason for the other driver acting that way. For instance, it would be
positive and relevant to know that a driver is travelling slow becausehey are lost or
becausethey havea child passenger with motion sickness or that a driver is travelling
too fast becauseahey arein an emergency situationOne participant even mentioned that
they would like to use this functionality when driving abroad on unfamiliar roads (P03).
The participants also mentioned they would think twice before sending a message if they
ET Ax OEA 1T OEAO AOEOAOGO AiT OEITAI OOWOOO
probably change the tone of the message, rephrase it or would not send it in the first place
if they knew the other driver was in a bad mood.
SEG DPAOOEAEDPAT OO 1 AT OEITAA OEA AOEOAOOS O
scenario (i.e. slow diver in front) because they would be in a hurry trying to reach their
destination and they would not be paying attention to it. Another participant did not
particularly agree with the idea of sharing their status with others, which can be
considered persoral information (P20). One participant reported having no concern for
I OEAOOG AAAI ET ¢O Athdve a0 Effdaddh BENODB23)EO x T O1 A 11
During the interview, two participants (P01, P02) spontaneously suggested the use of
graphical messages where the could show smileys or emoticons the same way they

would when sending messages via mobile applications. According to these participants,

there should be an extra button on the steering wheel with shortcuts to the most common

138



Chapte five z Exploratory investigation into the feasibility of a DDCD (STUDY A)
smileys (e.g. happy face or shface). Another participant suggested there should be a
Ol EEA6 EAIT xEOE OEA OE OishAdal névrk webgitesgA0H.0 O
The results presented in this sectioncontribute to the theoretical social carresearch
described in the literature review by collating relevant opinions from a wide range of
regular drivers regarding several different ways that information could be presented to

them.

5.3.3.7 Driver -to-driver communication scenarios
One factor that influences the use of a DDCD is tbentent available to drivers. Messages
should cover a wide range of situations if they are presented as a PDL. Therefore, at the
end of the interview, participants were asked if they could remember any other scenatrio,
not previously mentioned, where they reeded to communicate something to another
driver and the communication was not successful. Participants were encouraged to think
of any situation they might have experienced before in real driving situations. All the
scenarios reported are very relevant tothe road environment and could be used by
designers of DDCD in future research in this area. The most common situation mentioned
by participants involved sending amessagewith information to the other driver.
Examples of such situations wereo:

1 Inform oncoming drivers their lights are off;

1 Inform drivers behind the reason for a car being stationary on the road (e.g.

broken down or waiting for an animal to cross);

1 Inform drivers in front they can go or cross;

1 Inform inattentive drivers reversing in front of them of their presence;

1 Inform drivers in fro nt they are about to be robbed,;

1 Inform oncoming drivers of police checks ahead on the road;
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1 Inform oncoming drivers of animals, blocked road or accident ahead on the road;

1 Inform drivers of an emergency situdon;

1 Tryto communicate with another driver that you do not have a visual contact with,
such as a lorry driver;

1 Ask other drivers if they have just parked or if they are about to leave that parking

bay;

5.4 Design recommendations

As long ago as 1976 Wilde mdioned that conflicts between drivers could be reduced
and safety enhanced if drivers had a way to communicate with each other using a device
similar to a walkie-OAl EEAhQh -OA | MM OOFR This would reduce the
ambiguity in sending and receiving of messages.

It is possible to utilise the issues raised by the interviewees in STUDY ditlentify some
preliminary design reconmendations for a suitable DDCD.

1 Firstly, it should not distract drivers from their main driving task. Therefore, the
interaction should be basically bya voicebasedinterface with a button located on
the steering wheel to activate it.

1 Secondly, the device should allow its users to set up how they want to receive the
messages. This could be either by audio or by text. Audio would be a preferred
choice as it is less distracting Green, 200§. Alternatively, the device could be
integrated with the infotainment system (e.g. radio/CD player). For instance, in
case the driver is listening to the radio the device could makest one audio alert
(e.g. a beep) to inform thathey have received a message.

1 Thirdly, the device should provide easy access to a set of pdefined messages.

4EA AOEOAO Ai OI A EOOO OAI AAO 1 ODeffed xE.
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OUOA G ape devicA would send a preA AEET AA 1T AOOACA j A8«

deflatedOUOAG6 Q8 ' O A A£OCAA Ai 1T OAT O 1 AOGOACA
device should be initially equipped only with this subset of messages, which could
be expanded for future vesions.

1 Finally, the device should also provide some extra functionality such as informing
the driver which vehicle (number plate, make and model) sent the message. The
drivers could also add to the device their current status which would be available
to other drivers. A particularly difficult task to implement would be to send a
message to more than one vehicle and at the same time ensure that the message

is only sent to relevant drivers.

5.5 Conclusions

Drivers use different ways of interacting with othermotorists without the use of a DDCD,
some of which are a combination of more than one form of communicatioRarticipants
reported they would use a DDCD to send messages in all scenarios, but they would avoid
replying to the other driver if an aggressive nessage was sent. Most of them would not
like to antagonise an angry driver and become involved in a road rage scenario. Moreover,
similar to a mobile phone, participants would not like to get distracted from the main
driving task by engaging in a prolongedonversation with the other driver through the
device even if it is handsfree. A combination of traditional means of communication and
an electronic device was suggested aspassible way of communication.

Passengers can have an effect on the drivEDannefer, 1977. This study found that this
could also equally apply to the use of the electronic device to exchange messages. Drivers

can feel inhibited to use the device when they have a passenger with them, especially if
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this passenger $ a child or anyone who is easily offended and who might not react well
to an aggresive or offensive message.
Drivers can share their status as part of the social interaction with other motorists. This
ET &£ Of ACET T AAT EAOA AT vidkr&amAas the dohsideraéiob /0 A
sending a message or not. This study found there are different ways that a vehicle that
receives a message could be identified, such as by its licence plate. However, when talking
about the identification of the sender ofthe message, results shows advantages and
disadvantages in this identification beng anonymous or not.
The specific task of receiving messages with the DDCD is the focus of the next chapter.
The chapter presents the two studies (STUDY B and STUDY C) thate carried out in
this research specifically related to this task. STUDY B aimed to elicit opinions from
AgpbAOOO xEEI A 345%$9 # AOEI O 11 OEA OAOOI

opinions on the set of diving communication scenarios.
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6 Receiving messages with a driver -to-driver

communication device (STUDY B and STUDY C)

6.1 STUDY Bz A workshop to elicit the opinion of experts

6.1.1 Introduction

The am of this qualitative study was to capture the opinions of experts on a set of
guestions specifically related to the task of receiving messages using the DDCD. The
guestions were designed to accomplish the overalbbjectives of this research The
NOAOOEI T O ET O1T1 OAA PAOOEAEDPAT 006 AEAAI ET CO
04). The set of questionsaddressedthe best ways to present the messages not only in
terms of content and format but also modality (OBJ 05). Based on the resuttisthis study,
relevant recommendations for the design of the DDCD were presented in secti6érl.3.2
(OBJ 06).

This study adopted a mixmethod approach using workslops and driving scenarios to
elicit knowledge from a group of experts. Workshops and scenarios can be useery
effectively to encourage discussion and lead tthe formation of ideas and concepts.
Brainstorming methods in which experts are challenged to geerate new ideas or designs
are commonly used with a high rate of succesdHoffman, Shadbolt, Burton, & Klein,
1995). All of these methodsare described separatelyand in detail in the methodology
chapter of this document(see Chapter 03 pagé6). This study was published in the

proceedings of the @ International Conference on Applied HumanFactors and

Ergonomics(Lamas et. al, 2015)
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6.1.2 Method

6.1.2.1 Participants

Fifteen participants, all of them academic researchers, were involved in this study. They
were recruited from the departments of Psychology, Computer Science and from the
&AAOI OU 1T £ %I CET AAOET ¢ AO 4EA pdsitosA@IEE OU
from late stage PhD students, associate professors and research fellows. Participants
were selected because of their knowledge and expertise in the areas of HF/E, HCI or

psychology of driving. Participants were recruited by email with detad about the

workshop including date, time and venue.

6.1.2.2 Driving communication scenarios

A subset of five driving communication scenarios was presented to participants in this
study. This subset is based on the set of driving communication scenarios designed f
this research, whch are described in detail insection0.In STUDY Athe communication
scenarios were presentedonly in textual form as this was an initial exgdoratory
investigation. In this specific study, STUDY Bthe scenarioswere presented in both
graphical and textual formin order to stimulate discussion from participants in the
groups. A short description of the scenariosand their nature is presentedbelow in Table

6.1.

Table 6.1. STUDY B Driving scenarios

# Nature Description

01 Accident Main driver receives a message sent to multiple vehicles from amncoming
vehicle informing them that an accident has just happened ahead of them ¢

their side of the road.
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02 Social Main driver has a sticker on the back of their car from the football team the!
support. They receive a friendly message from the driverdhind who supports

the same football team.

03 Slow Main driver is late for work / an appointment. The car in front of them is
travelling very slowly. Main driver receives a message from the driver sayin(

they are lost.

04 Manoeuvre Main driver receivesa message from the driver of a blue car leaving the car pai
just in front of them, asking if they can pull out in front of them as soon as th

traffic lights turn green.

05 Apology The traffic light is green for the main driver, but a blue car hablocked the
junction. The main driver receives an apologetic message from the driver of th

blue car.

6.1.2.3 Procedure

When participants arrived at the study venue, theyfirst of all read the information sheet
which contained details about the steps involved ithe workshop and signed the consent
form. Before they took their places, the researcher assigned participants to one of five
possible groups. Each group was comprised of three participants. The groups were
created in such a way that there was at least omaember in each group with knowledge
in automotive HF/E or the psychology of driving Participants were invited to take their
places at the table with the number d6the group they were assigned to.

After all participants had arrived and were assigned a grop, the researcher, who was
also acting as workshop facilitator, gave a short khinute PowerPoint presentation
explaining the planned activitiesto the participants. The presentation also contained
details of the five driving scenarios. Before the workshogstarted, the researcher asked
participants if they had any questions. The total duration of the workshop was 60

minutes.

145



Chapter sixz Receiving mesages with a DDCD (STUDY B and STUDY C)
The workshop took place in a university lecture room comprised of many long tables
(240cm x 90cm) with three seats in each table. A sef items was placed on each of the
five tables usedfor the study. The first item was asheetof A3 paper in landscape mode
with the communication scenario in both textual and graphical formFigure 6.1 depicts
the five scenarios used in this study. Each table contained a different scenario, which was
placed on the centre of the table. The second item was a sheet of-filmart paper with the
number of the scenario at the top. This sheet of paper contained four questions, each one
in a different quadrant of the paper. Finally, there were also coloured pens and coloured
Postit notes availablefor participants on each table. Each table contairea set ofPost-it

notes with different colours.
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SCENARIO 01 SCENARIO 02
You receive a message sent to multiple vehicles from an  You have a sticker on the back of your car from the
oncoming blue vehicle informing you that an accident has  football team you support. You receive 2 friendly message

just happened ahead of you on your side of the road. from the driver behind you who supports the same
football team as you.

mm—

SCENARIO 04
SCENARIO 03

You receive a message from the driver of the blue car
You are late for work / an appointment. The blue car in

leaving the car park just in front of you, asking if they can
front of you is travelling very slowly. You receive a

pull out in front of you as soon as the traffic lights turn
message from the driver saying they are lost.

g A

green.

SCENARIO 05
The traffic light is green for you, but a blue car has blocked
the junction. You receive an apologetic message from the

driver of the blue car.

Figure 6.1. STUDY B- Driving scenarios
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Each group had eight minutes to answer four questions related to eacthfferent
communication scenario. The aims ofBA NOAOOET T O xAOA O ET
I DETETTO AAT OO |1 AOOACA AT 1T OAT O AT A 11T AAIE
about receiving the message. The questions are presentedTlable6.2. Participants were
required to answer the same set of four questions for all scenarios. The workshop
facilitator placed a large countdown timer in the centre of the room in a location that was
clearly visible to all patticipants. This helped the groups to effectively manage their time

while answering the questions.

Table 6.2. STUDY B Questions

# Questions
01 What do you think about receiving this message?
02 How would you feel?

03 What should the message be?

04 How could the driver best receive the message?

Participants wrote their answers to each one of the questions on the Pestnotes and
affixed them to the flip-chart paper below each questionas depicted inFigure 6.2. They
were encouraged to use more than onBost-it note if possible to be able to explain their
thoughts in detalil. After eight minutes the countdown timeralerted participants that time
was up. At thispoint, the workshop facilitator kindly asked the groups to change tables,
moving tothe nexttable where another communication scenario was presented. The first
group moved to the table where scenario two wapresented, the second group moed to
the table where scenario three was presented and san until all the groups had moved

to another table. The groups were allowd OT OAA OEA DPOAOGEI OO CO
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Figure 6.2. STUDY B- Flipchart paper

Each group used the same colour Post note throughout the study. For example group
one used the limegreen Postit notes in allthe scenarios while group three used the pink
ones. The groupdook their blank Postit notes with them when moving tablesThe use

of different colour Postits for each groupwas designedto help the researcher to easily
identify answers from each group wherconducting the data analysis later.

On allthe tables, there weresheetsof paper containing general topics to consider when
answering the four questions. Groups were prompted to think about these topics during
the workshop. The topics included for example,important automotive issues such as
driving distraction and road safdy, and factors related to driverto-driver
communication such as vehicle identification, anonymity, message content and message

format.
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6.1.2.4 Data analysis
This study adopted the same iterative themati analysis methoddescribed in section
3.10. Textual information from the Postit notes were transcribed to a text document and
initially grouped by driving scenario and question. An extra piece of information related
to the group number and colour (e.gG01) was addedat the end of each answer. The main
themes compiled for this study varied from different emotions to the use of specific
technology terms such as satnav and augmented reality. The final data was then reduced

to a set of themes based on each question and communication scenatrio.

6.1.3 Results and discussion

6.1.3.1 Emotions

Participants were required to answer one question about how they would feel receiving
messages from other drivers in each one of the specific scenarios peaited to them. This
guestion wasaskedbecause the DDCD may produce a significant effect on the emotions
of the receiver of the message, which could then lead to a profound effectthe outcome

of the communication between drivers. For example, the sitdimn could be dealt with
quickly and easilyif the message received helpto clarify any misunderstanding, or the
message could produce a negative outcome with the other driver becoming stressed or
angry. Both negative and positive emotions can have a deore effect on driver
distraction similar to other distraction sources, such as information overload(Riener,
2012a).

Participants reported a mixture of positive and negative feeling regarding this question

in most scenarios. On the positive side, some participants mentioned they would feel very
grateful and pleased after receiving a messagé&everal participants also mentioned the

messages would mke them feel less annoyed with thevhole situation. The DDCD was
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described asvery useful and as a device that would make drivers fe@h control of the
situation, therebyincreasing their awareness. Drivers would have a clear understanding
of the situation on the road, for example the reason for having a traffic jam, if they
received messages alerting thenabout an accident ahead on the road’he importance of
this has already been investigated usinglriver assistance systemdgo provide information
about the environment, supporting drivers in difficult situations by increasing their
awareness(Fuchs, Rass, Lamprecht, & Kyamakya, 2007
Participants also expressed pleasant feelings associated with the shared interest message
from the supporter of the same football teampresented in the social scenario. This
messagenould make drivers feel connected to other driversThe need for connectedness
is one of the principles thatunderlies social behaviour(Mackie, Devos, & Smith, 2000
Rettie, 2003. A few participants also mentioned that this specific situation would make
them feel part of something biggerThis feeling ofbelonging toa group was identified by
(Christiansen & Maglaughlin, 2003 as a specifiand important type of awareness which
has be=n used in the CSCW literature.

The DDCD could also help relieve extreme negative emotional responses whea sender

of the messageapologises for having executed a bad manoeuvre. According to
participants from three groups, in scenariofive they would feel less angryknowing that
the other driver acknowledged their error by sending an apologetic messadger having
blocked a junction.

On the negative side, participants mentioned feeling stressed, angry and annoyed with
some of the messages. In scenario numbednree, participants reported they would not
know what to do if they receival a message from a slow driver in frontParticipants from
one groupsuggested that the correct action of the lost driver should be to pull over and

checka map and not to send a message. Moreover, participants commentibdt they

151



Chapter sixz Receiving mesages with a DDCD (STUDY B and STUDY C)
would not be willing to help a lostdriver if they were in a hurry. This result isdepicted in
the driver-to-driver interaction model (see section2.3.2.4) and the joint-action control
model (see sectior?.3.2.1) both of which state thatthe outcome of the process may differ
according to how urgent their goal is
Participants mentioned that some of the messages received contained no new
information per se. According to these participants, they were not willing to receive such
messages as they were viewed as useless and a waste of network resources that could be
used to extrangeother more important messagesParticipants also expressed negative
feelingsif they were constantly receiving messages about a shared interest. An overload
of these messages could make the receiver of the message feelly annoyed.A similar
result was found in research carried out with a specific group of drivers who use the car
as a calm place and do not want to be constantly receiving notifications about social
interactions (Riener, 2014).
Messages with some sort of requesin the social environment of the roadcan be
categorised as annformal order (Renge, 2000 or according to the LMDI modelas a
directive actin which the receiver needs to take some action (see secti@3.2.2. A few
participants stated that they might feel obliged to obey tls request in all the messages or
even to reply to all messages. This is something that they might not always want to do,
which would create a negative feeling and a decreased willingness teauthe DDCDThis
feeling of obligation is part of the social context of the road, as reviewed in secti@.1,
in which drivers feel that they need to act politely to avoid moral judgementéLennon &

King, 2015).
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6.1.3.2 DDCD design
Participants provided valuable comments regarding the design of the DDCDhe first
comment wasregarding the advantage of having the DDCD well integratealith other in -
vehicle devicesAudio messages, for example, could be played using the sound system of
the vehicle. This integration could also enhance the functionalities pwided by the
communication device. Participants mentioned that the DDCD could be closely integrated
with the IVNS to present information about the specific location of an occurrence such as
an accident on the road. In this particular scenario, for exampléhe IVNS could provide
options to the driver of alternative routes to avoid going near the accident. This
functionality could improve the communication between drivers by providing a better
experience for the DDCD users, who could have their journey timesduced.
Participants clearly reported their lack of interestin some of the messages received,
especially the ones with content not directly related to thedriving context. Therefore, it
was suggested that DDCD should allow drivers to block specific typef messages while
receiving others. This functionality of content blocking is widely used in all sorts of
technology-mediated communication, for example in order to prevent children from
accesing specific content (Dickerson, 2009. Participants also commentedon the
possibility of completely switching off the DDCD at any time. In both situations, since the
driver does not successfully receive the message, the DDCD shqguidvide some sort of
system notification to the motorist who sent that message.There is no cost in the
grounding techniquesreviewed in Table2.2 which covers this situdion. A newcostcould
be added whichinvolves the effort required to produce feedbackthat the other part did
not receive the message.
Trust is a very important aspectof any form of electronicmediated communication, as

presented in section4.1.1.6 Trust is even more relevantn the automotive context where
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it is very difficult to know how genuine the content of a message in a very short period
of interaction. During the study, a few participants raised the issue of trust concerning
message contentn scenario number one(Accident). Participants reported there is no
way of knowing if a reliable source sent a message about an accident on the roadyon
from its content. However, sme suggestions were given which could help the receiver of
the messagealecide on the reliability of the messageAn extra piece of information could
be added to the message to assure the drivémat it is trustworthy. One way of assuring
the driver that the message is trustworthy is by displaying the message to the driver only
when the number of drivers who sent it reached a minimum number. In this case, the
extra piece of information could be the number of drivers who senthe messageThis
would increase the costin grounding technique associated withdelaying message
presentation (see Table 2.2) which could make the message irrelevant by théme the
other driver receives it. One group suggested that the message could display an extra
piece of information if it comes from a reliable source such aklighways England.
Participants also reported trug issues in other communication scenarios, as there is no
way of knowing if drivers really meant what they said, for example if they argenuinely
sorry for performing a bad manoeuvre orif they are jug using the DDCD to justify itThe
main reason behindthis is the lack ofeye contact or facial expressionswhich makes it
very difficult for drivers to express themselves appropriately in social interactionsusing
non-verbal visual cues(Rakotonirainy et al., 2008.
Participants were askedwhat they felt the best way would be to present the message to
drivers. This specific gqestion focused on modality of presentationParticipants were
experts in HCI and HF/Bwith vast knowledge of different forms of technology to present
information. Overall, they reported that the most appropriate way to receive visual

messages would be with the use of headsup displays HUDs),which display information
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T OEA \inkscedhlPAriiciPants mentioned thatHUDsare less distracthg when
compared to other types of displays such aseads down displayswhich is in accordance
with the literature (Burnett, 2003; Gabbard, Fitch, & Kim, 201} Participants also
suggested that the messages could be receiveid audio meansin most scenarios with a
few reporting that multimodal displays coud be the best solution.Multimodal displays
distribute the information across different modality channels (i.e.auditory, visual and
touch) andthis is basedin partT T 7 EsAMElfipie &Resource heory. According tothis
theory, resource competition is educed and performance isincreased when tasks are
presented in different modalities (Wickens, 200§.
Participants were also asked about the content of the messages in each scenario. Some
reported that the content of the message should be succinct and displayed very briefly to
avoid driver distraction as this would reduce the amount of time drivers would be
engaged in a secondary tasiGreen, 2008. They also mentioned that a lot of effort must
be made when designing the content of the messageSimilarly, extensive research has
been conducted on how vehicle navigation systems shouldpresent content of
information to drivers in the best possible ways(Burnett, 2000; May, Ross, & Bayer,
2003). Onre particular examplein this study of how the content ofthe message should be
carefully designed was presented in scenario fouManoeuvre) where a vehicle is leaving
a car park. According to participants, this message could be rephrased to show an
indication of the direction of movement of the vehicle instead of a request to pull in front.
Participants reported that an arrow pointing to the right, for example, would be less
intimidating for the driver to agree to the request. Drivers would be able to maka clearer
decision as to whetherit would be appropriate or not to let the sender of the message

pull in front them. This would also avoid a negative reactio.
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6.1.4 Study limitations
In this particular study, expert participants were from academia No study was made with
industry experts in automotive HF/E and HCIResearch shows thatwhen modelling
systems, professionals from different backgrounds and environmentsan have different
mental models (Ford & Sterman, 1997%. Academicsmay have extensive knowledge on
theories relative to the automotive contextand their practical applications whereas
experts from industry may have expertise on other practical aspectssuch asproduct
development stagesor market trends. Knowledge elicitation from experts in both
industry and academia may have provided additional information
Due to time constraints of the participants, it was not possible to run the workshop for
more than one hour. With more time available, it woulchave beenhighly valuable to run
a postworkshop focus group in which all participants could talk about their answers to
each of the scenarios. Moreomprehensive data would come from this discission with

all participants.

6.1.5 Conclusion

This study found that in some scenarios a DDCD could have a positive effect on the

I OOATI A T £#/ AOEOGAOOS ET OAOAAOQGETT AU DPOIiIT Ol
making the driver feel more appreciative. However, there were other situations in which
communication between driverswas felt unnecessary or in which drivers feltobliged to

reply. This could make driversfeel annoyed and angryespecially if there is an overlad

of these messages. The DDCD should be designed to allow drivers to block such undesired
messages. It was also found in the study thahe aspects ofreliability , modality of

presentation, messageopic and content mustalsobe addressed when designing &DCD.
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6.2 STUDY (¢ A video-based study to explore alternative HMI designs

6.2.1 Introduction
Contrary to STUDY B, which captured opinions from expert§STUDY Gimed to elicit
opinions from regular drivers on several factors that may influence the task of receivin
messages with a DDCD. More specifically, this study established four objectives, which
addressthe overall objectivesof this research
(OBJ 03);
2. To explore the overall aceptance of the device in each one of these scenarios (OBJ
04);

06 I PETEITO A

p>)
(@]

presented to them in each of the driving scenarios (OBJ 05);

4. To provide design recommendations for message presentatn (OBJ 06);

6.2.2 Method

6.2.2.1 Participants

A convenience sample of 48 drivers, 23 male and 25 female, participated in the study.
Their ages ranged from 19 to 70 (mean= 35, SD = 12.7). Participants were recruited on
the basis that they must have held a valid drivinicence for at least two years (mean=15,
SD=6.0). Participants also had to drive regularly, at least three times a week. Most of them

(64%) reported that they regularly drove for at least60 minutes a week on average.

6.2.2.2 Driving scenarios
Unlike the two previous studies, in which the driving communication scenarios were

presented in textual form (text and image), for this study, the scenarios were presented
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in a video format, each one about 1.5 minutes long€e Figure 6.3 for an example still
image from a videq. Videobased scenarios provide more detailed information with rich
content and with more details about the HMI such as the use of audio and visual nsege
presentation. The videos were designed using the STISIM versiB0 driving simulator

software.

Figure 6.3. STUDY  Still image from an e xample of avideo-based scenario

The messages presented in each video were both auditory and visull. some of the
scenarios participants were able to easily identify who sent the message as a speech
bubble was displayedaccompanyingD E A T O E Ambvinky GeBiddeATOSviSual part of
the message was always displayed on the rigiitand side of the windscreen, close to the
AOEOAOS8 O AE£EAI A 1T £ OB Eihdlation W& VideébAsBE dnd theA
information displayed in black for clarity. The study was not concerned with the
perceptual use of a HUDt focussed on the implicatiors of different information content.
With real automotive HUDs, the information is shown asa transparent display on the

windscreen (Gabbard, Swan, & Hix, ZIB). Both auditory and visual parts of the message
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were presented at the same time. In all scenarios, the messageere received while both
vehicles were in movement.
Table 6.3 shows the subset of five scenarios used in this study with the main auditory and
visual elements of each oneThroughout the rest of this chapter the scenarios will be
referenced with their number and main descriptive word in order to help thereader to
easily comprehend which scenario is being referenced, for example s@io

01_ACCIDENT or 02_SOCIAL.

Table 6.3. STUDY C Driving scenarios

Scenario | Nature of the ) _ )
. Messagetopic Visual Auditory
number scenario

_ , /\ 2MILES O! AAEAATL(
01 Information Accident ahead ﬁ ‘ oL .
= ¢ [ EI AOS
Shared interestz dzdz 9 B Bever

02 Social/Friendly

football team x Al E Adkdb 1

Ny o O3 1, élderly
03 Driving related Slowvehicle infront e
AOEOAOS
o Apology for bad I oo A A s
04 Driving related O31 OOUAD®
manoeuvre
09 I adk
Problem with passengerdoor is
05 Information | . P
pA O O E A kchidld not properly
Al T OAAGS
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6.2.2.3 Procedure
Participants initially signed the consent form and read the information sheet that
contained detailed information about the procedures of the experiment. After this,
participants filled in a general questionnaire about their gender, age, driving experience
and competency with technology ¢$ee Appendix iv page 371). Participants were
presented with one detailed drivingscenario at a time on a laptop.
After watching one of the video-scenarios twice, participants were able to ask the
researcher any questions to make sure they had fully understood it. Participants then
filled in three different questionnaires: a driver-to-driver communication questionnaire
(seeAppendix v page372), aVan der Laanscale (Van Der Laan et al., 1997to capture
OOAOOS8 1T OAOAIT 1T A AeeAppeddixividpAge 372 andl a dclleid Aphure;
OOAOOG6 ¢eA AppdadixQ/Opage 374). Participants were also asked to write
suggestions abat what they thought the message should be like. All of these
guestionnaires were regarding the scenario they had just watched. After this, participants
were presented with the next videebased scenario and the same process started again.
All participants answered questions based on the same set of five scenarios. The
scenarios were presented to each participant in a different, randomised order. At the end
of the study, participants were told not to say anything about the experiment to any

friends or family who might also takepart in it later.

6.2.2.4 Data analysis
4AEEO OOOAU xAO T AET1T U &£ AOOGAA 11 OEA OOA
on several factors, although subjective data was also collected the end. For each

scenario, participants reported their opinions with respect to the acceptability of the

DDCD by means of the driver acceptance questionnaire designed\Wgn Der Laan et al.
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(1997) describedin section2.4.2 The questionnaire consists of nings-point rating scale
items, ranging from-2 to 2. The results of this questionnaireshow the scores on the two
acceptance subscales, one denoting the perceived usefulness of the deviog the other
denoting the perceived satisfaction.
Participants also reported their emotions when receiving the messagean each driving
scenario. This was measured with the SeAssessment Manikin (SAM) gquestionnaire
(Morris, 1995). Each of the three emotional dimensions depicted on this scale is
represented by a graphic character displayed along a continuous nikpoint Likert -scale.
&1 O OEA ZEEOOO GEFASN OEHEA OAMAIGDIGAIGCCAO £OT I
A EOT xTET Cch O1EAPPU 11A8 4EA OAATT A AEI Al
from a sleepy character with eyes closed to an excited one with eyes open. The last
dimension is of dominance andhe scale ranges from a very small figure representing a
feeling of being controlled to a very large figure representing a character in control (see

Figure 6.4).
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0000 00D

Figure 6.4. STUDY ¢ SAM questionnaire by Morris (1995)

A driver-to-driver communication questionnaire was designed specifically for this study
to elicit opinions about several factors that may influence mesge presentation. This
guestionnaire was designed based on the results of the two previous studies andg@lon
the diagram described in section 4.1. The questionnae consisted of Likerttype
guestions with five alternative responses: strongly disagree (1), disagree (2), neutral (3),
agree (4), strongly agree (5).

In the last part of the driver-to-driver communication questionnaire, participants were
asked to write how they would like the content of the message to be for each specific
scenario. The same iterativethematic analysis method forqualitative data presented in
section 3.10 was used for this.All the suggestions were initially grouped by driving
scenario. A list of main codes was then produced with more codes being creatduring

the analysis process.
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6.2.3 Results and discussion
The resultsand discussionof this study are divided into three setions each one focusing
on one of the questionnaires presented to participants. The first section describes the
factors affecting the presentation of message® motorists, which were investigatedin
the driver -to-driver communication questionnaire. The following two sections present
the results and discussion from theoverall driver acceptance of the DDCD and OE OA 0O

emotions felt when receiving messages

6.2.3.1 Driver -to-driver communication questionnaire

This section shavs the results of the driverto-driver communication questionnaire
presented to participants after each driving scenario. This questionnaire aims to capture
opinions about message design (content and formatand also the effect of the message

I T A OiBténfodsadd driver distraction. All the results related to improvements in
message design take into account the use of pdefined messages which senders would

be able to select from a list before sending them. Therefore, these results aim to discuss
how these predefined messages should be designed to present clear information in the

best possible way.

6.23.1.1$ OEOAOOG EIT OAT OET T O

- AOOAGCAO OAAAEOAA OEA OEA s$s$#%$ AAT 1 AEA A«
traditional means of communication (e.g. flasing headlights, honking horn, and
gestures).4 EA 1 AOOA C AE AON ARGARE ABITCO AGAT BT AR AAT AA(
and be less ambiguous than flashg headlights, which could lave several different
meanings(Renge, 2000.

Participants were asked if the message for each scenario made the intention of the other

driver clearer. Results are presentedin Figure 6.5. This resultis in accordance with the
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aims of thisPhDresearch andindicates that the use of messages can make the intentions

of other drivers clearer and avoid misunderstandings incommunication.

Q(01) - The message made the intention of the other driver clearer

Legend

B Strongly Disagree
50 [ Disagree

] Undecided

Wl Agree

] Strongly Agree

407

30

Count

204

0 T T T
1 2 3

-
w

Scenario
Figure 6.5. Driver -to-driver communication questionnaire z Drivers Gintention s

Participants were also asked if they would have acted differently if they had not received
the messageAccording to the results presented in Figure 6.6, for all scenarios except
scenario 02 _SOCIALparticipants agreed with this statement This result was alsofound

in STUDY B The messagesn the other scenarios provided the drivers with new
information, which helped them to improve their situation awareness and make
decisions, which could lead t@ositive changes in their driving behaviour.However, the
message received in snario 02_SOCIAlould not help drivers improve their awareness

of the situation as it was not directly related to the road context
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Most of the driver-to-driver interaction models reviewed in Chapter 02(see sections
2.3.2.1and 2.3.2.3 state that drivers need to constantly monitorthe environment in

order to make a decisim as to whether they wouldchange theirdriving behaviour or not.

Q(25) - 1 would have acted differently if | have not received the message

Legend

Bl Strongly Disagree
50 @ Disagree

] Undecided

Il Agree

] Strongly Agree

40

304

Count

0 T T T T T
1 2 3 4 5

Scenario

Figure 6.6. Driver -to-driver communication questionnaire z Different reaction s

6.2.3.1.2 Willingness to receive/block messages

Although messages camake the intention of other drivers clearer, it is very important

to understand if drivers would be willing to receive these messages under different
circumstances. Results from STUDY B reported the importance of having a functionality
that would allow the driver to block specific types of messagedhis functionality is

already available in different forms of CMC.
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Participants were asked if they would have blocked the message and not receivgfiit
was possible.Results are shown in Figure 6.7. This result confirms the importance of
receiving message particularly in scenarios 01_ACCIDENTand 05 PROBLEMwhich

could have a direct effect on drivingoehaviour and onthe safety oftheir journey.

Q(06) - | would have blocked the message so as to not receive it
anymore if it was possible

Legend

B Strongly Disagree
50 Il Disagree

] Undecided

Wl Agree

] Strongly Agree

40
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Count
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T
3
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]
[¥]

Figure 6.7. Driver -to-driver communication questionnaire z Message block

Participants were also asked if they would be willing to receive more messages of this
same typeAs expected, the resultsare almost the exact opposite of the ones found in the

previous question(seeFigure 6.8). This resultis in accordance with STUDY B that showed

that drivers are not willing to receive messages not related to the driving context. This

result alsois in accordance with the overall driveracceptanceof the devicepresentedin

section 6.2.3.2 which showed lower acceptance values for scenario number 0SOCIAL.
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Q(09) - 1 would be willing to receive more of this same type of message

Legend
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50 [ Disagree
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W Agree

] Strongly Agree
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Figure 6.8. Driver -to-driver communication questionnaire z Willingness to receive message

Finally, participants were asked if they would prefer to use traditional methods of
communication rather than the DDCD to communicate witlhe other driversin each of
the driving scenarios Theresults are presented inFigure 6.9. Traditional communication
includes the use of gestures, verbal utterances and what is already available in the vehicle

such as indicators, headlights and horn.
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Q(21) - I would have preferred to receive a traditional type of communication
(e.g. signs, honk horns, flash headlights etc.)

Legend
Wl Strongly Disagree
50 Il Disagree
] Undecided
W Agree
[]Strongly Agree
40
g 307
3
(=}
(V]
20
10
0= T T
1 2 3 4 5

Scenario

Figure 6.9. Driver -to-driver communication questionnaire z Traditional means of communication

6.2.3.1.3 Driver distraction

Driver distraction, which has been a major topic in driving research, is defined as any
diversion of visual, cognitive, lomechanical, or auditory load from the driving task
(Ranney, Mazzae, Garrott, & Goodman, 2000

Participants were asked if the message received in each scenario could make them feel
distracted from driving. Results from this question areshown in Figure 6.10. Results
show that for scenarios 01 ACCIDEN,TO3_SLOWand 04 APOLOGYarticipants would

not feel that the message wadistracting and disagree withthis statement.

However, in scenario 02 SOCIALmost participants would agree withthis statement. Two

reasonsmay explain this result; the specific nature of the scenarioand the fact that the
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messagewas musical and lastedlonger. For scenario number 05 PROBLEMt was found
that participants were undecided about this statement. The message presented in this
scenario alsdastedlonger than the other scenariosLonger messagesvould increasethe
amount of time drivers would be engaged in a secondary tastherefore increasing their

chance of keing distracted (Green, 200§.

Q(11) - The message could make me feel more distracted from driving

Legend
Il Strongly Disagree
50 [ Disagree
] Undecided
W Agree
] Strongly Agree
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= —
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Figure 6.10. Driver -to-driver communication questionnaire z Driver distraction

6.2.3.1.4 Message content

According the results from STUDY B, some messages could be rephrased in order to
become clearer and less intimidatingor the other driver. Regarding the content of the
messagein this study participants were initially asked if they would have rephrased the

message in a different way.The results from STUDY @an be seen irFigure 6.11, which
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shows that, overall, participants disagreed with this statement However, & the end of
the questionnaire, participants were asked to provide any suggestionabout how the
message could be improved. Thessuggestions are presented in extion 6.2.3.1.9and

provide valuable information on how each specific message could be bettehrased.

Q(28) - 1 would have rephrased the message in a different way

Legend
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50 [ Disagree
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W Agree
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Figure 6.11. Driver -to-driver communication questionna ire z Rephrase message

The second questionwas regardinghow complete the message seemed to b&€ontrary
to many other forms of electronic mediated communication reviewedn Chapter 02
driver communication cantake place ina very shortspaceof time with few opportunities
to make a point Goffman, 2009. Therefore, it is important that the message should be
as simple as possible, but at the same time providel #he necessary information. There
should be no back and forth of exchanging messageme message shoulalearly and

conciselysay it all. The results arepresented inFigure 6.12. Participants agreed that for
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all driving scenarios the messages were complete and provided all the information they

needed to fully understand the situation.

Q(30) - The message itself was complete and
there was no need for extra information

Legend
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Figure 6.12. Driver -to-driver communication questionnaire zZ Message completeness

6.2.3.1.5 Visual design of messages

Participants were asked for each driving scenario if the visual representation of the
message was clear to themThe results are presented in Figure 6.13. Scenarios
02_SOCIALO03 SLOWAnd 04 APOLOGYontained fewer visual elements than the other
two scenarios and were seHexplanatory without the auditory part of the message. This
could explain why these scenarioshad only a few disagreements regarding the statement
that the message was cleatn contrast, enario 01 ACCIDENTad many visual elements

that required participants to comprehend in a short interval of time. The researcher
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presented the visual part of the message to the participant®n a piece of paper and
explained tothem after they had received the message what each one of these elements
represented. Scenario 05PROBLENMhad just one visual element but it needed the

auditory part of the message to be fully comprehended.

Q(39) - The visual representation of the message was clear
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Figure 6.13. Driver -to-driver communication questionnaire z Visual representation of message

One important piece of information when receiving a message relate® sender
identification. STUDY Ashowed the importance of identifying the driverwho sent the
message to avoid abusive usef the DDCDHowever, there are some scenarios in which
this information may not be relevant. In this study, both situations were egxored. Sender
identification could be either presentedin visual and/or in auditory form. Based on the
results of STUDY B, it was decided that the information of who sent the message would

be presented in visual form onlymaking use of the grahical representation of a HUD.
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The messages were presented to participants with or without the use of speech bubbles.
Speech bubbles have been used extensively with different interfaces in the HCI context
(Lucero, Holopainen, & Jokela, 201 Piper & Hollan, 2008, Reeves et al., 2004 Speech
bubbles were used in scenarios 02SOCIAL03 SLOWand 04 APOLOGYnd depicted
situations in which it was possible to idenify the driver who sent the messages shown
in Figure 6.14. The speech bubble was displayed otlne car that sent the messagejmilar
to a comic book where speech butles are commonly used to show which character said

something.

Figure 6.14. Message representation - use of speech bubble

In scenarios where no speech bubble was used, the messages were presented in a
rectangular box (seeFigure 6.15), indicating that it came from more than one driversuch
as in £enario 01_ACCIDENTqr that it was not possible to identifywhich driver sent the

message for example incenario 05 PROBLEM.
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2 MILES

&0 =

Figure 6.15. Rectangular representation of message

Participants were asked if they agred with the statement that it waseasyto identify the
driver who sent the messageThe results can be seen irFigure 6.16. For the scenarios
where the speech bubble was usedparticipants overall agreed with this statement.
Therefore, speech bubbles proved to be an effective way to quickly identify tloiver if

the DDCD has a visual componérsuch as HUD. One of the strong points of using this
approach is that sender identification and message content are presented
simultaneously, therefore reducing the timeit takes to present the messagend the
overall costin establishing common ground as reviewedh Chapte 02. Moreover, drivers

do not need to take their eyes off the road to see the message. However, there are some
well-known challenges, described earlier in this chapter, when using HUDs to present
information to drivers, such as the overuse of augmented adity content can make the
real world view too cluttered with issues in contrast and depth perceptionGabbard et

al., 2014.4EA OOA 1T &£ (5% AAT Al O1T AT1 OOEAOOA

resources to important real-world cues, which can increase driver distraction.
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Q(26) - | could quickly identify the driver
who sent the message after receiving it
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Figure 6.16. Driver -to-driver communication questionnaire z Driver identification

6.2.3.1.6 Auditory design of messages

All messages were preseted in both visual and auditory forms.The auditory part of the
messages was designed to provide clear information in a succinct way. The auditory part
was also designed to provide complete information even if the visual counterpart was not
available. Participants were asked if they could understand everything in the auditory
part of the message Ascan be seenn Figure 6.17, participants agreedin general with
this statement for all scenarios. Participants fully understood the auditory content of the

message.
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Q(40) - 1 could understand everything in the audio message
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Figure 6.17. Driver -to-driver communication questionnaire z Message understanding

6.2.3.1.7 Duration of message

According to the results presented inFigure 6.18, participants also agreed that the
messages were not too longMessages should be succinct aome situations provide a

very short window of interaction for drivers to communicate with each other. Scenarios
02_SOCIAland 05 PROBLEMvere the ones that the messages were longer in duration

Al i PAOAA O OEA 1T OEAOO8 &1 O OEAOA Omdre OAA
than the other scenarios. Although the auditory part was clear, a few participants
mentioned that speed of speech in scenario 0%°’ROBLENMvas alittle slow. Participants

also reported that the auditory messages intesetwo scenarioscould be improved if they

were shorter.
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Q(19) - The duration of the message was what | expected it to be
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Figure 6.18. Driver -to-driver communication questionnaire z Duration of message

6.2.3.1.8 Voice representation

Results from pevious studiesdescribed in sections5.3.2.3.2and 6.1.3.2highlighted the
significant effects of having the actual voie of the driverversus apre-recorded voicesuch
as acomputer-generated voice If the driver has the freedom to say anything they want
(i.e. free content messages) and their actual voice is transmitted to other driveris
could not only have an effecon the content of the message, but also the driver will be
able to expresstheir personality, emotions and a range of social cuef_arge & Burnett,
2013). This can haveeither positive or negative effecs on the outcome of the message

and therefore may lead to aggressive driving behaviour.
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Emotions can have a decisive effect on the interaction between driveiss depicted in the
driver -to-driver interaction model in section 2.3.2.4 For this study, participants were
asked if they could feel the emotional feelings of the driver from the auditory part of the
message.As can be seen inFigure 6.19, for scenarios 01 ACCIDEN,T03 SLOWand
05 PROBLEMarticipants disagreed with this statement reporting that they could not
feel any emotional feelingwhatsoever. This could be related tothe content of these
messages thatvas more informative. The content of these messagesas not related to
any kind of feelings in particular.In contrast, the content of the messages of scenarios
02_SOCIALand 04 APOLOGYs more related to emotions. The messagegrovide a
pleasant, social link in scenario 02_SOCIAL and an apologetic tone iscenario
04_APOLOG¥ven though the auditory part of the message in scenario 0APOLOGWas
explicitly designedto supressOE A A OE O 4, @f@évOparteihdhis felt ap emotional

tone from the content of the message.
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Q(41) - It was possible to detect the other driver's
emotions from the tone of voice
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Figure 6.19. Driver -to-driver communication questionnaire z Other driver & emotions

Another topic related to speech systemsconcerns the type of voice used to present
information . Vehicle navigation systems provide different types of voices for their users
to choose from with different tone, pitch, gender, language and even personalised voices
from special characters of movies. The fit exploratory study confirmed the need for the
DDCD to have this functionalitysee sectior5.3.2.3.3. Research haalsobeen carried out

on the effect of the type of voice presented in a vehicle navigation system on emotson
and driving behaviour (Large & Burnett, 2013, with a mixture of positive and negative
feelings, such as trustworthiness and annoyance, for a message presented in an IVNS
with the same content, but with different voices.

Participants were asked if they would prefer a different voice to represent the drivér O

own voice. The resultsare presented in Figure 6.20. For this specific study, participants
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accepted the voice presented to them and would not prefer to have a different voice,
although a few male participants mentioned they would prefer to recee a message with

a female voice.

Q(43) - 1 would prefer to have a different voice to represent the driver
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Figure 6.20. Driver -to-driver communication questionnaire Zz Different voice

6.2.3.1.9 Suggestions on message design

After each driving scenario, participants were asked to provide suggestiorms how they
would like the message to beResults from this subjective data are presented in this
section, divided according toeach driving scenario.

General suggestions

Although some of these comments werenade with regard toone specific scenariothey

could equally be applied b all of them. Some of the visual symbols were not familiar to
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the participants. Therefore, some participants suggested displaying wordsbelow each
symbol (P30). For one of the participants the visual part of the messages could have been
displayed only with words, asthey found thatthe icons were more distracting (P25). The
messages could have been flashed instead of dispéalyonly once (P19), to capture the
attention of the driver. The visual part of the message could have a humanoid figure to
represent a more social interaction between drivers (P21). It was highlighted the
importance of clearly desigred symbols that drivers from all cultures would easily

understand whether they are driving in their home country or abroad (P34).

Scenario 01_ACCIDENT

Some participants reported that the visual symbols presented in the message were
unfamiliar and unclear to them (P18, P31, P32). The visual representation also included
too many details (P08, P18, P29, P35), whidlesulted in some of the participantstaking

a while to understand the content of the message (P18, P23). One participant said that if
they were already familiar with the symbols this would not be a problem, but for the first
time the message was presented there was a lot to process (P18). Based on the volume of
information presented to them, some participants suggested that the message should
have been displayed for a longer period (P34, P41). Participants suggested the message
should be only auditory (P39), with smaller visual signs (P36).

Results from the previous study with experts highlighted the need for the DDCD to be
integrated with other in-vehicle devices such aB/NSand media system (e.g. radio, sound
system). This same result was found in this study with regular drivers. Participants
pointed out this integration with devices (P21) and suggested leaving all the information

related to the accident to be presented by the navigation system. THENScould display
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an alternative route to avoid the area of the accident. It could also display the speed limit
near the accident (P06) and the estimatedelay (P05, P24, and P3B

The queue ahead vigal symbol (see Figure 6.21) was confusing for one of the
DAOOEAEDPAT OO jopyq AT A AT OI A AA OADPI AAAA
icon, instead of pregnting a queue of vehicles could display what actually happened, in
this case an accident. The accident could be presented visually by an icon displayed two
AAOO AOAOGEEIT C jogmh O¢geh Ocyh 0cpQ TO AU

not presentedin visual but only in auditory form.

Figure 6.21. Message representation - Queue ahead

Participants also provided suggestions about the visual icomvhich depicts the number
of drivers that sent the messge to them (seeFigure 6.22). The visual icon could display
the image of 10 cars instead of only one car witthe number 10 inside it (P06).One
participant suggestedusing sticky figures instead of cars (P25)snce it was drivers who
sent the message. This information was also considered unnecessaby a few
participants. It was mentioned that if the message had already been verified by higher
authority , there was noneed to display the number of cars that sent it (P20, P34, and

P39). This information could be presented with a smaller icon for the number of drivers
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who sent the message and bigger checking icon for the verified message (P46) as the
verification by the higher authority can be considered more important than the number
of drivers who sent the message. Participants also mentioned changing the checking icon
(P04) to a similar icon used byanother application (i.e. Waze)which they are more used

to interacting with (P14).

Figure 6.22. Message representation - Number of drivers

This scenario is more important and crucial compared to the other scenarios as it has an
impact onthe AOEOAOOG6 ET O0O1T Au AT A OEAEO AAEAOEI
should display a warning signal to informthem about the importance of the message

(P15, P18, and P47). An example of suenAl AOO AT O1 A AA OEA 0OAT C

| 44%. 4)/ . A6 8

Scenario 02 _SOCIAL

This scenario was consideredrery distracting with unnecessary information by several
participants (P04, P20, P21, P30, P37, and P39). Most participants would not like to
socially interact with other road users about a shared interest notelated to the driving
context. One of them specifically mentioned that the situation wouldnnoy rather than
help them (P39). One participant, however, explicitly liked this idea and suggested the
possibility of having one option in the DDCD to add the drer to a social network or

communication app for later communication (P35).
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The thumbs-up visual icon should be excludegas it wasconsidered umecessaryby some
participants (P18, P24, and P26)The sign of the football team would be enough for them
to understand that the other driver had a shared interest with them. Moreover, one
participant thought that the thumbs-up icon could be misunderstood and indicate that
they were connected to a social network (P24).

The auditory part of this message was diffenat to the others as it presented a small part
of the popular football team chant. Participants reported that this auditory part should

be quieter and more subtle and soér rather than excited and loud (P08, P14, P19).

Scenario 03_SLOW

Most recommendations for this scenario were related to the auditory part of the message.

A couple of participants did not see the need to mention that the driver in front was an
elderly driver (P04, P26). According to them, the only auditory information neded

would be that a slowmotorist is driving the vehicle, which could be due to many reasons

(e.g. elderlyor novicedriver, problem with vehicle etc.).

The auditory part was considered too slow (P44). Changes were suggested in the tone of

the voice (P39)and alsothe gender of the speaker (P34). For ongarticipant, it was not

clear if the aim of the message was for the main driver (i.e. the participant) to slow down
because there was an elderly driver in front or if the message&as intended to simply

inform them OEAO OEAOA xAO A Oi1Txh Al AAOI U AOECQ
(P06).

One participant reported that a stressed driver would overtake the slow vehiclehether

the messagewas presented to them or not. The message could actually makeetllriver

feel evenmore stressed. One possible solution to this could be to present the following

i AOOASIpvh plédseEldedDl U AOEOAO8 4EATE Ui OAd j O0ou Qe

184



Chapter sixz Receiving mesages with a DDCD (STUDY B and STUDY C)
Two participants did not like the use ofthe speech bubble to indicate which vehicle the
message cara from (P25, P36). Alternatively, a virtual sticker (P17) could be displayed
on the back window of the vehicle. The visual sign of two eldgrpbeople(seeFigure6.23)
should be changed as itepresentsthe idea of pedestrians rather than drivers (P04, P21,
P46). One difficult point would be how to display the information of an elderly driver
OEOOCAIT T U8 'O I AT OCETTAA AAZEI OAh OEAR GGIOl £
(P47) alongside the image was encouraged. Anothsuggestion from a participantwas
to replace the eldety sign by ayield sign (P18).
Finally, this message could be presented sooner (P10, P35) to avoid accidenthe
message was also seen as mecessary and, according to one participant, should only be
sent if there was a mechanical issue with the vehicle that prevents the vehicieom

moving faster (P20).

Figure 6.23. Message representation - Elderly sign

Scenario 04_APOLOGY
In this scenario, most suggestions aimed to have a positive impact on the interaction

between the two drivers, especially the one behind who would not be happy to have
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another driver cutting in front of them. Participants reported that they felt the driver was
not truly sorry by the tone of the voice in the auditory messagé he tone of voice should
be softer (P39), more apologetic (P08), more genuine (P28, P33) and not forced (P33) as
it sounded condescending (P21). Simak to the previous scenario, this messageould also
make the driver more irritated and, according to a few participants, was not useful (P37)
and should not have been sent (P20, P31).

The visual representation could be improved by showing a polite gestureith a hand
raisednextti OEA x1 OA O3 1A et pigc® qf nformaign s @8 as if
driver would need to stop the vehicle (P42)could also be presented visually. Finally, it
was considered important by one participant to add to the messaggme sort cordial

contentj A dt@8s m@fault.Hope) A Edusedo® O Al PUTRS6 q

Scenario 05_PROBLEM

In this scenarig, the visual and auditory parts complemented each other. The auditory
part was preferred (P39) as the visual was not clear (P39) and only raised attention to
the audio (P35).

The message should display a visual blinking icon (P44) of the whole vehicle showi
clearly which door was not closed properly (P14, P15, P17, P18, P20, P24, P30, P44, and
P47). The warning symbol should be removed as it denotes something more urgent (P18,
P31, P46) which requires a prompt action by the driver. One participant felt
unnAAAOOAOEI U OOOAOOAA AU OEA xAOITEIC OEGC
presented instead of the sign (P09).

The auditory part of the message was considered too long (P26, P37) and too slow (P23)

by a few participants. This alsaaused distraction (P37) The auditory alert of the DDCD

could mimic what a driver would do without the DDCD. One participant suggested having
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the horn honking as an auditory alert (P45).However, the driver may become confused
regarding the origin of the auditory alert (i.e. wasit coming from the DDCD othe driver
of another vehicle actually honking their horns?).
Finally, one participant raised the topic of privacy by stating that this message should not
be anonymous (P25). Therefore, it should be displayed like the others wita speech
bubble on thevehicle that sent the message.
6.232 $OEOAOOS AAAADOAT AA
Results show that scenarios 01IACCIDENT&Nnd 05 PROBLEMhave the highest rates of
usefulness and satisfactionwhile the use of the DDCD in scenario 0SOCIALwas
considered significantly less useful. This highest acceptance rate of the DDCD could be
related to the nature of these two scenarios. The messages received in scenarios
01 _ACCIDENT®Nd 05 PROBLEMare closely related to the driving context and have a
crucial effect on driving behaviour and safety. Figure 6.24 combines both subscales of
usefulness and satisfaction for each one of theigding communication scenarios.
Scenario 01 ACCIDENTepicts the situation of an accident ahead where the driver might
not be aware of it if themessage had not been sent. Traccidentmay have a significant
effect on journey time andthe route selected After receiving the message, dvers could
make a decision to change their route and avoid the accident. Alternatively jtifvas not
possible to avoid the accident, driversvould at leastbe aware that their journey time
would take longer than initially expected. These reasons could ebgin why this scenario
has high rates of acceptance of the DDCD.
The door of a vehiclenot properly closed poses a significant threat to the safety of the
occupants of thecar. This can explain why scenario 0SPROBLEMas a higher rate for

both usefulnessand satisfaction of the DDCDDrivers would be willing to use the device
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in this scenario and would feel satisfiedo receive such messages if theyxperienced
these situations.After receiving the message, drivers could then stop ian appropriate
placeto close the doorand while not reaching thisplace,at least be aware that he door

of the vehicle was not completely closed.

W Usefulness
I Satisfaction

2.007

1.504
1.007
0.50 I
0.00-

-0.50 T T T T T
1 2 3 4 5
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Scenario

Figure 6.24. Usefulness and satisfaction ratings

Scenario 02 SOCIAbad the lowest rate of usefulness, significantly lower than the other
scenarios. ThisresulisET  AAAT OAAT AA xEOE OEA DPOAOET OC
suggestions described in sectior6.2.3.1.9 Drivers do not want to use the DDCD in
scenarios not related to the driving context even iit is a friendly, social interaction with
another driver who has a shared interest. Driver distraction was one of the reasen

mentioned by participants.However, the satisfaction ratingwas not low, which could be
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explained due to the fun, social aspect of this scenario. Participants felt good and found it
fun to receive a friendly message fronanother driver, but also some ofthem reported
having the possibility of turning it off, especially if other drivers startsending them the
same message.

Although the message presented in scenari®@4 APOLOGYs related to the driving
context, participants had mixed opinions about the acga#ance of the DDCD in this
situation. While some participants liked receiving the message and the acknowledgement
of the driver, others found it unnecessary, not genuine and condescending. Therefore, this
scenario did not have higher acceptance ratings wime compared to scenarios
01 _ACCIDENT®Nd 05 PROBLEMThiIs result can have an effect on whether apologetic
messages should be available on a DDCD and if so, whether drivers would be willing to
use them or prefer to have them disabled. Results from a previoustudy, which are
described in section6.1.3.2 reported that drivers could abuse the device in this situation
by making a wrong manoeuvre on purpose and use the alpgetic message just to justify
their behaviour even though it is not their real intention to apologise.

Finally, yet importantly, results show that the DDCD has an overall positive usefulness
rating for scenario 03_SLOW Without receiving the message, # driver behind would
not know why the vehicle in front was driving so slowly Communicatingthis situation to
the driver behind would be very difficult using traditional means of communication. A
DDCD wouldtherefore be useful in this scenario even though the driver behinavould

not be able to increase their speed after receiving the message.

6.2.3.3 Emotions
Drivers may experience different emotions when receiving messages from other drivers

via the DDCD. These emotions calihave either a positive or a negative effect on their
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interaction with the other drivers and on their driving behaviour. Emotions are
represented as a factor which may influence the interaction between drivers in one of the
models reviewed in Chapter 02section 2.3.2.4 It is therefore crucial to understand if
these emotions could have an impact on the use of the DDCD in each of the different
scenarics, which coutl discourage its use.

Overall, participants reported a midrange value for this rating, which wouldseem to
indicate that when they received the messages they did not feebntrolled by or in control

of the situation. Different results were found for the wo dimensions of pleasure and
arousal. These resultgan ke better explained and visualized by a pleasure versus arousal
space as depicted irMorris (1995). This form of representationshowed in Figure 6.25
has been used extensively in the literature and the results can be analysed in terms of
which quadrant of Pleasant, Unpleasant, Calm dExcited a situation may fit in.

Based on the graphs, it is possible to see that for scenarios GCCIDEN,TO3_SLOWAnd
04_APOLOGYNost of the ratings are within the Calm/Pleasant quadrant. This result
shows that the messages did not make participantbave unpleasant feeings about
receiving them or too excited, which could be a clear and obvious reason for adopting the
DDCD in thesesituations. However, a fewratings for these three scenarios were also
found within the Excited/Unpleasant quadrant. Different reasonscan explain this for

each one of these scenarios.
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Firstly, participants might have rated scenario 0LACCIDENTh terms of the content of
the messageand not how the message might have madéem more aware and be helpful.
This explains why some patrticipants rated their emotion as unpleasant and excited. The
information that an accident happened ahead on the road could make drivers feel sad
about it and worried about the seriousness of the accidenif it had many causalities etc.
Secondly, he feeling of powerlessness when receiving a message from a slow, elderly
driver in front could explain why some participants rated scenario 03SLOWin the
Unpleasant/Excited quadrant. Drivers could do nothingaboutthis situation, as they were
unable to overtake the vehicle in front, which wasnoving too slowly. This unpleasant
feeling could make drivers feel more excited in a negative way by trying to overtake the
vehicle as soa as it was safe to do so.
Thirdly, other results for the scenario 04_APOLOGNearly show that participants had
mixed feelings and opinions about receiving an apologetic message due to dangerous
driving behaviour. A few participants mentioned that they felt the driver was not truly
sorry by the tone of the voice in the auditory messag®loreover, participants might have
had unpleasantreactions tothe action of the other driver (.e.cutting in front) combined
with this apologetic message.
A different result was found in scenario numbef2_SOCIAR ET x EE A ErathgsOOE A
fitin the Pleasant/Excited quadrants Thisis in accordance with what was expead from
the nature of this scenario,which is more socially engaged and friendly. A friendly
even thoughit may cause other issas such as driving distraction.
Most ratings for scenario 05 PROBLEMall within the lower part of the graph, on the
Pleasant scale.However, they are equally divided betwen the calm and excited

spectrum. When receiving a message that the passenger door is not properly closed this
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could lead to a feeling of negative excitement as there is imminent danger of the door

opening. This could be why some patrticipant$elt more exdted than others.

6.2.4 Design recommendations
This section describes a set of the design recommendations created based on the results

of STUDY C.

Users should be able to block specific types of messages

The results of this userelicitation study confirmed the previous results of STUDY Bhat
drivers are not interested in sending messages to other drivers with topics outside the
driving context. This study confirmed that a social/friendly message had a very lowVel

of acceptability by drivers. Drivers should therefore be able to block specific types of
messages either temporarily or permanently. While some drivesmight find one category
useful or relevant and be willing to receive more of one type of message, others may find
it unpleasant with a negative effect on their driving behaviour. Therefore, this

functionality is deemed important in a DDCD.

Messages should be designed to minimize workload and driver distraction

Messages with too much visual informationare considered to be too distracting,
especially if the visual information is new to drivers.Moreover, one unigue message
should be able to have all the information the driver ne@s to understand the situation A
balance is therefore needed between the amount of information presentemhd the need
to convey the meaning of the message in the clearest and most succinct walyis also
depends on how the visual information is presentede.g. HUDintegrated with SATNAV

system or in an instrument cluster.
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Messages should be designed with sy mbols. which are familiar, immediately

recognizable and clear

This study found that some drivers did not know some of the visual representation
symbols used in the messages, such as the queue ahead dRgsults show the need to
provide textual information below these unfamiliar visual symbok. When designing the
messages, it is important to use visual representation that is widely known, especially
taking into consideration that the message is not going tbe displayed for a long period.
The driver needsto interpret the message quickly and without negatiely affecting the

driving task.

Users should be able to choose the format of message presentation

Clearly, some participants preferred one type of presentation (auditory/visual)to the
other for some of the scenarios. The DDCD should be able to allow the driver to choose
which mode of presentation they would prefer. This configuration could also be applied
temporarily or permanently. Drivers may not be willing to receive the messagm an
auditory format for one specific journeyduring which, for example,they are talking to

the passengers or listening to music.

Drivers should be able to understand bottthe visual and auditory part of the message
separately. These two parts should bendependent of each other and not complement
each other. Otherwise, drivers would not be able to capture the fuliontent of the

message if they have chosen to disbone of the input modalities.

Audio messages should be clear and customisable
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The auditory part of the message should be designed clearly so to avoid any
misunderstandingsof the messageAuditory information should be limited in length and
content. The auditory part of the message should karaight to the point and provide all
the information needed without being too long or too verbose.
Drivers should be able to choose which voice used when receiving messagesmilar to
route guidance alerts oran IVNS Different voices with different tone, pitch, language and
gendershould beavailable to choose from.
The owner of the vehicle could set up if the messages sent by them should carry out
information about the driver gender or not. Further research could be undertaken in the
future to determine the effect of the gender of the driveon the outcome of the message.
If a vehicle is driven by more than one person (e.g. husband and wife) this functionality

would ideally offer a choice of voice gender.

The DDCD should be integrated with other in _-vehicle devices

Similar to the previous sudy, this study confirmed the fact that the DDCD should be
integrated with other devices in the vehicle such aB/NSand media systens. The DDCD
should be designed in such a wathat it makes use of the capabilities of these other
devices. For example, imdrmation related to alternative route to avoid an accidenwith

the delay time in traffic could be presented on the IVNSyhile all the auditory messages

could make use of the soundystem available in the vehicle.

Information about the message sender should be presented

One important issue to be considered when receiving a message is if the message should
display information about the driver who sent it, by providing an indication of the vehicle

where the message came from. This could prevent abusive usithe device, if the driver
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knows that they will be identified when sending a messageSpeech bubbles were used as
a visual form of identification of vehicles This study has not used ankind of auditory
form of identification of the vehicle. If the driver opts to receive only auditory messages
some sort of indication needs to be presented to them. This could be either the licence

plate or physicalcharacteristics of the vehicle.

6.2.5 Conclusion

An electronic message received with a DDCD can make the intentsoof the other driver
crystal clear. However,before amessageis presented to users, it is very important to
consider issues such as driver distraction and the willingness of the drivers to recav
these categories of messageslso,the DDCD should be designed sucha way thatthere
is no overload of unnecessarynessagesand that no important message are skipped.

In addition, the messages should be designed in such a way that their content is complete
without being too long. Dueto the very rapid nature of the communication, while driving,
it is important that both auditory and visual contents should not be toolong or
distracting. Drivers should be able to choose if they want to receive spéc types of
messages anghould be alte to choose the best form of@presentation for this message.
The next chapter describes an exploratory omoad study (STUDY D), designed to
understand how drivers naturally identify any single vehicle around them. According to
the task analysis designedearlier in this research vehicle identification is a very

important task required by drivers when sending a message using the DDCD.
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7 The task of vehicle identification (STUDY D)

7.1 Introduction

Driver-to-driver communication comprises of an exchange of messages. Drivers, using a
hypothetical device, send messages, which will be received by other motorists. However,
before completing the process okending a message, the driver needs to clearlyadtify
which vehicle will receive the message. The task analysis presedin Chapter 0O4showed
that identifying the vehicle to send a message to is one of the main tasks required by users

when interacting with the DDCD.

A~ s oA s oA
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According to the theory of communication grounding, some human conversations aim to
establish referential identity with a mutual belief that the parties involved have correctly
identified the same referent(Clark & Brennan, 199). Several techniques are available
for this type of content. The most relevant for driverto-driver communication are
employing indicative gestures(Clark et al., 1983 and providing descriptions that would
match the referent in question(lsaacs & Clark, 198Y. An example of these two techniques
can be seen in the dialogue box below, which depicts a conversation between a driver and
a passenger:

Similar to this type ofcommunication between a driver and a passenger, the interaction
between the driver and the vehicle identification system (VIS) could use a similar

approach. The driver would initially inform the system oftheir intention to start the
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process of sending anessage. The system would ask which specific vehicle/s the driver
would like to send a message to. The driver would then use one of the two techniques

suggested by(Clark & Brennan 1991) to inform the system of the chosen vehicle.

$OEOAOd O) xT Ol A 1T EEA O OAT A A

3UOOCAI g O7TEEAE OAEEAIT A x1O1 A UIQ

Driver: [ident ify the vehicle to the system]

This chapter focuses on howhe driver can identify a single vehicle to the system. Drivers
could identify the vehicle to the VIS in several ways. Based on the theory of
communication grounding, it is hypothesized that drivers could identify vehicles to the
VIS more naturally by inteacting with speech recognition systems and/or finger pointng
gesture recognition systems.

Finger pointing gestures have several applications for the driving context. One previous
research study explored different scenarios where pointing could be used i vehicle,
working as part of the navigation system, performing tasks such as to narrow down
points of interests(POI9, to get more information about a specific POI, to mark a POI with
a tag or to share this POI with social networkRimelin, Marouane, & Butz, 2013 Finger
pointing has also been previously used to operate controls in vehed (Cairnie, Ricketts,
McKenna, & McAllister, 2000 and to select menugAlpern & Minardo, 2003).

Speech interfaces have also been incorporated by theitamotive industry in recent
years. The most common applications supported include navigation, music selection and
mobile communication (Lo & Green, 2013.

This study only focuses on the identification of a single vehicldrivers provided
descriptions, which most of the time were applicable to only one vehicle. Therefore, in
OEEO AAOA OEA AAOAET AT EOU 1T &£ AOEOAOOGS
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framework is one-to-one. The identification of multiple vehicles at lhe same time may
require a different approach and this was not covered in this study. Further research
would be required to investigate possible ways for drivers to identify more tha one
vehicle at the same timeAn unpublished academic paper on this stuglwas submitted to

the 2017 University Transport Studies GroupAnnual Conference(Lamas, 2017)

7.1.1 Study aims

An onroad exploratory study was designed to investigate how drivers would naturally
and instinctively identify any vehicle nearby to a hypothetical VIS. The study had two
overall aims. The first aim of the study is to provide a list of design recommendations for
a VIS, which addresses the same overall aim of this research. The second aim of the study
is to produce a vehicle identification taxonomy based on the results. These
recommendations and taxonomy would be particularly useful to developers and
designers of vehicle HMIs and to industry manufacturers who could make use of these
guidelines to provide cars with VIS.

In order to achieve both aims, four objectives were established for this study. The first
objective is to find the most natural way to identify a vehicle. Based on the review of the
literature on communication grounding, vehicle identification via speechjndicative
gestures or a combination of both would appear to be the most natural means of
identification. The second objective of this study is to identify the most commonly used
descriptors or vehicle characteristics used by drivers. The number of desptors used in

a unique identification and their sequence are also investigated. The third objective of the
study is to capture the types of gestures most used and the frequency of use. The last
objective of this study is to understand the types of identifiation issues that could occur

and how these issues can be addressed. These four objectives are closely related to how
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drivers might interact with a VIS and therefore contribute to fulfilling one of the aims of

this research, which is to explore alternatie HMIs for the electronic device (OBJ 05).

7.2 Method

7.2.1 Participants

A convenience sample of ten participants (six female, four male) took part in the study.
Participants were recruited on the basis that they must hold a valid UK driving license
and be a native English speaker or hawe very high level of proficiencyin Endish. Their
ACAO OAT CAA &EOIT ¢p O1 veo jTAATE oxh 3%
experience. Participants reported that they drove regularly on average for at least 60
minutes a week, with an average annual mileage of 7000 miles. The whekady lasted

no longer than 45 minutes and took place in an instrumented vehicle authorised by the

university.

7.2.2 Procedure

Firstly, after reading the information sheet, participants were asked to read and sign a
consent form. Participants were also asked tdill in a short general demographic
guestionnaire (see Appendix viii page 376). Participants then had a short practice
session, with the vehicle still stationaryduring which they were asked to identify some
vehicles. The vehicles identified for this training session were the ones parked nearby.
Participants were told to feel free to ask any questions before the actustudy began.

In the main study, participants were seated in the passenger seat of a car, which was
driven along a route through Nottingham, near to the University campus. The PhD
researcher sat in the back seat of the vehicle taking notes. Another researcher from the
University of Nottingham drove the vehicle, always following the same route (sdeigure

7.1). The route comprised a variety of areas and road types, such as dual cageways,
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single carriageways, roundabouts, urban roads, roads in 20mph zones, etc. This route
was shown to the participants prior to the study. Participants were allowed to ask the
researcher in the back seat, and not the driver, for further instructionsfithey were
unsure about any aspect of the study.
Participants were informed that they had to assume that there was a system in the
vehicle, which they would be able to communicate with during the journey. The purpose
of the system is to send messages tdher vehicles in the vicinity. Participants had to

identify these vehicles to enable the system to know wihie to direct the communication.
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Figure 7.1. Onroad study route
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During the session, participantsvere prompted by an auditory alert (a beep) at random
time intervals. The researcher in the back seat controlled the beeps. At the sound of the
beep, participants chose a single vehicle close by and demonstrated how they would
identify that vehicle to the system quickly, and in a natural and instinctive way. The
researcher only played the beep when he was sure there was at least one vehicle nearby
that the participants could identify. The vehicle they chose to identify was located
anywhere around them in the road environmentz i.e. it could be in front, behind, on same
side of road or opposite, moving or parked, etcParticipants were asked, if possible, to
identify a different vehicle each time and only one vehicle per beep. They were asked to
do this in what they believe wasthe most instinctive way in each instance. Participants
were also asked to identify only motorised vehiclegnot pedestrians or cyclists).
An extra rearview mirror was placed on the windscreen in front of the participants, so
they could identify any vehicles behind the car. They were asked to adjust this rearew
mirror before the study started. During the study, participants were audieand video
recorded. They wore eyetracking glasses to capture eye movement3.he eye tracking
glasses were used in this studynly as avideo camerato record where participants were
looking all the time. A video camera was also placed in front of the participant on the
dashboard to capture possible gestures (se&igure 7.2). The whole journey took
approximately 30 minutes and ended when they arrived back at the starting point on
campus. At the end of the study, participants were asked some questions about the way
they identified some of the vehicles and if they would have done anything differently in

retrospect.
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Figure 7.2. Study setup including eye tracking trace

Participants were free to stop participating in thestudy at any time for any reason,
without penalty. If they wished to stop, they would be driven back to the pickup point at

the university campus. They were paid £10 in shopping vouchers for their participation.

7.3 Analysis

According to the Oxford EnglisiDictionary (1989)h A AAOAOEDPOI O EOd O
used to ddOAOEAA T O EAAT Qtkodgll thi® 1défiAtiorE Enpliesd anly
identifications using language, the word descriptor is used extensively in this document

to explain all types of descriptions used by participants to identify a vehicle, whether it

was a verbal description or identificationwith a gesture.

A formal iterative analysis technique 6r qualitative data, described insection 3.10, was

used, which is based on the demarcation of words/short sentences (i.e. codes) linked
back to the research aimgHignett, 2010). Before starting the analysis, a list of main codes

was produced based on the expected descriptors that were going to be used et
DAOOEAEDAT OOh ET Al OAET ¢ OOAEEAI A AT171006h

OOAEEATI A 101 ARO pl AOA68 4EA OAOAAOAEAO OE-A
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More codes related to unexpected descriptors were created during thisrpcess. The
coding process continued in order to find common themes. The final data was reduced to
a set of codes based not only on all descriptors used, but also on issues that arose during

the identification process such as visual limitatio and errors in identification.

7.3.1 Inter -observer agreement

Inter-observer agreement can be defined as the extent to which two or more observers
obtain the same results when they independently code the same part of datRobson,

2002). Having a good interobserver agreement is a confirmation that the list of codes is

clear and has not been applied in an unusual arnconventional way. For this study,
another researcher coded the videos of two partigiants (around 20% of the data).

There are two ways to measure the intelobserver agreement, with some debate about

the merits of each approach in the literature. This inelves either the calculation of the
degree of correlation between the two sets of measurements or the calculation of
agreement between them(Robson, 2003. For this study, a concordance measure using

#1 EAT 60 +APPA AT AEEFEAEAT O xAO OOAA8 4EEO i
according to Bakeman and Gottman (199Y it is particularly valuable in sequential
analysis involving coding over time. This method also corrects for chance agreement. The
software package NVivo 10 was used in the analysis including the inteobserver
ACOAAT AT O AT A OEA AAI AOI AGETT 1T &£ OEA +ADPD
presented in Table 7.1 regarding the value of the Kappa coefficient was suggested by

Fleiss, Levin, and Paik (2013
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Table 7.1. Kappa coefficient values

Kappa value Interpretation
Below 0.40 Poor agreement
Between 0.40 and 0.60 Fair agreement
Between 0.60 and 0.75 Good agreement
Above 0.75 Excellent agreement

The Kappa coefficient for this study was 0.75, which can be considered an excellent
agreement.This value was based on an average for all codes and transcription sizes, and
it was weighted by transcription size. A Kappa coefficient of 0.89 was found for all codes

and transcription size unweighted.

7.4 Results

7.4.1 Frequency of descriptors

The mainmeasureused in the analysis was frequency count. Initially, a list of descriptors
was created based on all the words, expressions or gestures used in all 411 unique vehicle
identifications (average of 41 identifications per participant). The descriptors were then

coded for each of their occurrences in the transcriptclassfication of the vehicle.
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Table 7.2 shows the number of occurrences of each descriptor by descending ordand
examples of each one of themAs can be seenhe three most common descriptors used

were colour, location andclasdfication of the vehicle.
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Table 7.2. Frequency and examples of descriptors

Descriptor Example Frequency
Vehicle olour Yellow, red, greenish, bright blue 319
Vehicle bcation In front, at traffic lights, in left lane 316
Vehicle dassification Car, lorry, bus, van, peoplearrier, saloon 230
Vehicle nake Toyota, VW, Renault 148
Vehicle ation Approaching, overtaking, passing 92
Vehicle nodel Auris, Golf, Scenic 58
"T1T 00 11 uorbre ondop,4dod,Hights
Vehicle exterior on 43
Vehicledirection of movement Oncoming, same direction 37
Time of identification Just now 31
Vehicle number pate RV13 RXW, R reg., 2013 plate, plate ends with V! 30
Vehicle sze Big, small, singledecker 28
Vehicleno movement Stopped, parked 26
Specific type of vehicle or ghicle | Taxi, ambulance, construction van
with specific function 18
Previous identification of same | Still following, the same car
vehicle 11
Vehicleage Old, new 3
Comparison to other well-known | Royal mail type, jeeptype
vehicles 2
Driver or passengerlidentification Three old people in it 2
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7.4.2 Number of descriptors
An analysis was also done on the number of distinct descriptors used in each unique
vehicle identification. This was important to understand how many descriptors
participants felt were needed to clearly identify a vehicle to send a message. An example
I £ EAAT OEEZEAAOEIT OEAO OOAA OEOAA AAOAOED
colour descriptor, one make desdptor and one location descriptor.Figure 7.3 shows a
graph with the number of descriptors used. Descriptive statistics are presented Table

7.3.

Number of Descriptors

12=3% 2=

%
33 = 8%

“’. 56 = 14%

Figure 7.3. Frequency of number of descriptors

" (1 Descriptor

® (2 Descriptors
" 3 Descriptors

® (4 Descriptors 114 = 28%

8 (5 Descriptors
= 06 Descriptors

1M = d1%

Table 7.3. Descriptive statistics - Number of descriptors

Mean Variance SD cVv

3.27 117 1.08 33%

In 171 distinct and unique vehicle identifications, three descriptors were used. This was

the most frequent number of different descriptors used. The seven most used descriptors
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also had more occurrences in threglescriptor identification as Table 7.4 and Figure 7.4

show.

Table 7.4. Number of descriptors by type

NUMBER OF [ESCRIPTORS
DESCRIPTOR TOTAL
01 02 03 04 05 06
Vehicle ®lour 0 37 143 97 33 9 319
Vehicle bcation 25 19 109 101 35 15 304
Vehicleclassification 0 25 116 66 18 5 230
Vehiclemake 0 13 53 53 19 10 148
Vehicleaction 0 9 42 26 12 3 92
Vehiclemodel 0 4 12 23 13 6 58
Vehicleexterior 0 3 14 18 6 2 43
NUMBEROF DESCRIPTORS
160
140
> 120
E 100
o 80
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40
20
0 ol
01 02 03 04 05 06
DESCRIPTOR DESCRIPTORS DESCRIPTORS DESCRIPTOR$S DESCRIPTORS DESCRIPTORS
B VEHICLEGOLOUR 0 37 143 97 33 9
B VEHICLELOCATION 25 19 109 101 35 15
# VEHICLECLASSIFICATION 0 25 116 66 18 5

Figure 7.4. Number of descriptors
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7.4.3 Sequence of descriptors
One important piece of information whenidentifying a vehicle is related to the sequence
in which descriptors were used.Table 7.5 shows the sequence of descriptors for the

seven mct frequently used descrptors.

Table 7.5. Frequency of sequence of descriptors

SEQUENCE OF DESCRIPTORS
DESCRIPTORS TOTAL
1st 2nd 3rd 4th 5th 6th
Vehicle olour 218 59 28 10 4 0 319
Vehicle bcation 57 25 126 76 23 9 316
Vehicleclassification 30 134 58 6 2 0 230
Vehiclemake 46 81 16 4 1 0 148
Vehicleaction 15 19 42 14 2 0 92
Vehiclemodel 3 32 18 4 1 0 58
Vehicleexterior 15 8 5 13 2 0 43

Based on the results presented so far, it is possible to identifypattern of identification
which comprises of the triad COLOUR + CLASSIFICATION + LOCATION in this order as

the most frequent form of identification of a vehicle as presented ifigure 7.5.
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Figure 7.5. Sequence of descriptors

7.4.4 Connections between descriptors

Cluster Analysis is a form of data visualisation, usually represented as a diagram that
clusters selected datatogether if they are simila on selected characteristics.Cluster
analysis was applied to check the relationship between descriptors for all participants.
The seven most commonly used descriptors all have strong connections between
themselves with a valueof 1 for Jaccar@ coefficient (seeFigure 7.6). This value indicates
that occurrences for all seven descriptors were found with same relevance iall

s N oA s o~

DAOOEA i&a&iptdL 08 O
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Figure 7.6. Cluster analysis - 7 descriptors

The cluster analysis of all the descriptors coded shows that some of these descriptors did
not have strong connections with others $eeFigure 7.7). Some of these descriptors, such
as driver/passenger identification and comparison to other wellknown vehicles, have no
connection whatsoever to any othe descriptor, which may indicate that they were used

sparingly by only a few participans.
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Figure 7.7. Cluster analysis - All descriptors

7.4.5 Gestural descriptors

Fifty-six gestures were used to identify vehids. These gestures were all classified as
location descriptors. Contrary to some verbal descriptors like vehicle colour and
classification, which were equally used by all participants, gestures were frequently used
by only two participants. Two other participants also used gestures, but only once in their
identification. Gestures could be grouped in different ways. Gestures were initially
grouped by body part (seeTable 7.6), with most of the gestures being hand gestures,

while only three of them involved the use of the head.
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Table 7.6. Gestures- Body part

Body part Frequency

Hand 53
Head 3
Total 56

Hand gestures couldalso be represented in different ways. Most of the gestures used by
participants were a pointing gesture with one finger, either the index finger to point to a

vehicle in front or the thumb to point to a vehicle behind (se&igure 7.8)

HAND GESTURES
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5
0 || - ——
ONE Two THREE ONE HAND BoTH
FINGER FINGERS FINGERS HANDS
B FREQUENCY 34 2 5 11 1

Figure 7.8. Hand gestures

Gestures were also classified according to whether they involved movement or if they
were still. Based orthis classification Table 7.7 shows how many gestures of eacbf these

categories were made.
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Table 7.7. Gestures - Movement

Type of gesture Frequency

Movement 12
No movement 44
Total 56

7.4.6 Issues in identification
Some key major issues were found when participants tried to identify a vehicle. These
issues are described in more details in the subsections below wittheir frequency of

occurrence.

7.4.6.1 Errors in identification

The first and most important issue found when identifying a vehicle relates to errors in
one or more descriptors used in the identification. These errors were either corrected by
the participant immediately afterwards or not. Careful analysis of the video footage was
subsequently made to identify and code the errorsif there was any doubt about any
identification provided, this was not coded as an errorFigure 7.9 shows the number of
errors made for each descriptor category. This result clearly shows that participants
made more errors when they were trying to use the make @he vehicle as one descriptor.
One paricipant even gave a personal comment regarding thi®©) Al 11 0 OI

*ADAT AGA AAOOGS6 jOotxQs
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Figure 7.9. Errors in vehicle identification

7.4.6.2 Uncertainty in identification

Sometimes participants were not sure if the content of the descriptors they were using

xAO AT OOAAO 1

did not know exactly the content of the descriptor.Figure 7.10 shows for which

o 1

I 68 4EAU Al OIl

OOAA OACOA

categories of descriptors this uncertainty of idefification happened more often.
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Figure 7.10. Uncertainty in vehicle identification

7.4.6.3 Repetition of descriptors

Another issue found when participants tried to identify vehicles relates to the repetition

of descriptors. This repetition mainly occurred when participants added an extra
descriptor after verbalising other AAOAOEDOT OO0 AA&Al OA fodbaegisa O*
EACOAO6Rh O400AE 11 OEA OECEOh Al OA OOBAES
OOA 1T £ OAPAOEOEIT xEAT OEAU AT OOAAOAA AOOI
gold8 oh no Vauxhall gldo @igure 7.11 shows the total number of instances in which

this repetition occurred and with which categories of descriptors.
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Figure 7.11. Repetition of descriptors

7.4.6.4 Non-unique identification

One important aspect to consider when identifying a vehicle to send a message is that the
description provided to the system makes a unique identification; otherwise, the syam

may not be able to target the message to one vehicle only as there could be more than one
vehicle nearby with thesame characteristics provided.

A nontunique identification of the vehicle, which can be considered a type of an error in

the identification process, occurred 35 times during the study, even though participants
were clearly informed that they should identify a sirgle and unique vehicle nearbyThese
identifications varied widely from the number of descriptors used, from either only one
gesturtAl AAOAOEDPOI O j Asc8 DI ETOET ¢ ET &£0110Q

the leftd @ Figure 7.12 shows.
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Figure 7.12. Number of descriptors in non -unique ID
7.5 Discussion
This chapter presents a study which aimed to investigate how drivers identify any single
vehicle nearby and how this could lead to HMI requirements for a vehicle identifitian
system.The most commorty used descriptors to identify vehicles wereliscoveredas well
as some issues in this process of identification. The next subsections focus on the
discussion of some of these issues and also on different interaction mechanisfos the

VIS, usinggestures and natural language.

7.5.1 Visual limitations

Participants found it difficult to provide any descriptions of a vehicle in situations with

poor visibility. This condition happened mostly due to the increased distance to the
vehicle in front, which made it difficult for the participants to read the infemation about

the make and model of the vehicle or its licence plate. In addition, in a few cases, the bright
sunlight had a negative effect on one participanthey i AT OET T AAh O) AAT @
AAAAOOGA T &£ OEA 0OO01 6 | 0p nakBesstaEnight AaeBmnégaie 1 £

effect on clear identification of objects according t®Wickens et al. (1999.
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Even though the researcher made sure that there was always a vehicle to be identified
nearby at the moment he played the beep, aeparticipants surprisingly also had
difficulties sometimes finding a vehicle to be identified. This limitation happened in
situations where there was apparently no external visual limitation at all such as poor
weather conditions or barriers on a dual cariageway that could have prevented

participants from seeing oncoming vehicles.

7.5.2 Natural language

Speech recognition systems have become more technologically advanced each year.
However, the language between a human being and the speech recognition systestils

quite different from a natural language between two human beingéLo & Green, 2013.

This difference between a more natural language and a slower, synthesised language
used to communicate with a speeciecognition system was &0 mentioned by one of the
participants in the post-study interview session. This participant mentioned they would
describe the same vehicle in different ways depending on whether it was td@end or to

a machine.

All participants were clearly instructed to provide their identification to a hypothetical

and imaginary device available in the vehicle. Even so, most of them made use of long
verbal sentences with articles and prepositions with more natural language as they
would if they trying to identify the vehicle to another human being instead of to a

Al I DOOAO OUOOAI jAs8cs8o 4EA Al OA &I OA 11 O
I OEAO OEAA6Q8 O0OAOOEAEDAT OO Al 01 AAAAA DPAOC

OEOOAOQET 1tborripldgeersvad @HE OOEA T EAA OEI OAO " AT O
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7.5.3 Oncoming vehicles
Most vehicles identified were the ones following the same route as the participant®ut
of a total of 316 identifications that used the location descriptor,only 34 referred to
oncoming vehicles. Oncoming vehicles arevery difficult to identify especially on
motorways and dual carriageways with a space or barrier separating the lanes. The speed
of the vehicle and this spatial barrier make it quite difficult to clearly identify a vehicle
and to finish the whole process of sending a message in a reasonable amount of time. This
difficulty was also mentioned by one of the participants during a posinterview. This
complex situation to deal with imposes a restriction of possible use case sceiwfor the

communication device.

7.5.4 Gestures

Most gestures involved no movement whatsoever during the continuation stage.
Interestingly, however, with some of the gestures which involved movement, the
participants used their fingers to follow the vehicle (se Figure 7.13). This novel gesture
expands the descriptor, not only with a more precise location of the vehicle but also with
its action (vehicle movement). This natual gesture is more precise because it combines
both the vehicle location and its current speed. However, the system would need to be
able to track the movement of all vehicles nearby in order for this actionot be

accomplished successfully.
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Figure 7.13. Gesture - Pointing in front moving

Another gesture, which involved movement, was used to identify vehicles in the distance.
The participant performed a pointing gesture with the index finger, whichwas moved
back and forth four times to make it clear that it was not the first vehicle in front, but four
vehicles ahead. A headotating gesture was also used. Gestures using the head might be
more appropriate to the driving context, as drivers do not need to reve their hands
from the steering wheel.

Contrary to what was expected, not many participants used gestures to identify vehicles.
Only two out of ten consistently used gestures ttoughout their identifications. At the end

of the study, the other participants were asked if they could have used gestures as a form
of identification and the reason for not using them in the study. According to one
participant (P08), even though gestures, specifically a pointing gests, could be
considered a more natural way to identify a vehicle, it can only be used to describe the
location of the vehicle, whereas with a verbal description, the driver could use many more
descriptors. Another participant (P10) said they would only useyestures if the vehicles

were very close to their own, otherwise, a verbal description would be preferred. Two

223



Chapter severy The task of vehicle identification (STUDY D)
participants (P04, PO7) mentioned that, for safety reasons, they would prefer not to take
their hands off the steeing wheel if they were driving.
Even though it was made clear to all participants that they were supposed to identify the
vehicle to a hypothetical device available in the car, most of thementioned that they
avoided using gestures as it might have had a negative effect on the resdeaar who was
driving the vehicle. According to them, the gesture could have obstructed the view of the
driver (P06) and distracted the driver from the main task of driving (PO1l). One
participant, presuming wrongly that they had to give the message to thertver, avoided
using gestures, since the main driver had a different frame of reference and might not

have been able to sewhere they were pointing at (P03).

7.5.5 Vehicle location

According to the results of the study, location is one important and frequentlysed
descriptor to identify vehicles together with vehicle colour and vehicle classification. Two
participants provided creative and innovative ideas, which could be implemented by a
vehicle identification system.

One participant (P03) mentioned during thepost-study interview the possibility of the
system having imaginary position markers on the windscreen that would make a location
of the vehicle more precise (sed-igure 7.14). Drivers would use this location marker
alongside other descriptors (e.g. colour, make/model) when identifying a vehicle. One
AgAi D1 A T £ OOAE EAAT OEEAEAAOQEITT x1 O1I A AA 02
a scan for vehicles only in theiéld of vision of the driver within the area of P3 at tle
moment of the identification. The location markerswould be the samefor both left- and

right-hand drive vehicles.
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Although an interesting idea, drivers would have to learn the exact location of efa of
these markers and memorise their positions. In addition, if a vehicle is located on the
border of two position markers, drivers would have difficulties determining which exact
position the vehicle is in, unless the position markers are presented tdném in an HUD
where they could easily see inside which exact position marker the vehicle was. However,
this implementation would not work if the vehicle to be identified was behind the main

vehicle or on either side at the moment of interaction.

P1 P2
P3 P4
P5 P6

Figure 7.14. Windscreen location markers

Another participant (P04) suggested a way that vehicles anywhere around the driver
could be identified precisely, not only in front but also behind and on either side. The
driver would report the location of the vehicle using the analogy of a Thour clock, as
frequently used in aviation(Crane & Crane, 2012Kumar & Marshall, 2005 and military

(United Statesof America Department of Befense 1994). A vehicle exactly in front of the
AOEOAO xT O1I A AA AO OEA OxAl OA T8AI T AE bl OF
xi Ol A AA AO OEA OE@ 16AITAE bl OEOEiITS8 11C
location of a vehicle, tiwould definitely impose an extra mental task on the driver, who

would need to spatially calculate the location of the other vehicle in terms tifie hands of

an analogue watch.

This highly demanding task could be too much of a mental effort, taking into

consideration the cognitive resources already used when driving a vehicle. Alternatively,
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the same participant mentioned that the use of gestures may be enhanced if the system

xAO AAT A O Al AAOI U EAAT OEAU bi OEddidehtifyi AOE

exactly where the driver is minting.

7.5.6 Changes in identification

During the poststudy interview, participants were also asked if they would do anything
differently in retrospect about the identification of vehicles. Participants said they would
try to be clearer in terms of the location of the vehicle (PO7) and more osistent in the
terms they used to provide vehicle location (P03). Another participant also mentioned
using more descriptors related to the make and model of the vehicle even thoutjiey
are not familiar with many different vehicle manufacturers (P01). Firally, PO3 also

mentioned trying to identify the vehicle more quickly.

7.6 Design recommendations and issues

"AOAA 11 DAOOEAEDPAT OO6 OAOPIT OAOh OEA
recommendations, which would aid designers and developers of a specifiehicle

identification sub-system of a DDCDEven though participants were passengers in this

study, the recommendations presented in this section can still be applied to drivers.

7.6.1 Descriptors

Based on the sequence and number of descriptors, the most fresntly used were:

VEHICLE COLOUR + VEHICLE CLASSIFICATION + VEHICLE LOCATION. The design of th

system should therefore prioritise these three categoriesThe overall processof vehicle
identification should be for the system to match thelescriptors provided by the user with
the information captured from vehicles around and, if there is a unique match, highlight

this vehicle to the driver.
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The systemshould be able to capturghe basicdescriptors from all vehicles around This
information could be transmitted using the infrastructure provided by V2V
communication. Each vehicle should be able to share a set of basic information which
does not changesuch asvehicle colour, make, model and classification. The location of
the vehicleis constantly changing and therefore should be captured bgensors located
on the main vehicle This information would then be transmitted to the system which
would complete the process of identification.
The system shouldexpect from humansnot only verbal identifications, but also a
combination of both verbal and gestural descriptions. The system should have a large
vocabulary for each descriptor type and be able to identify exact descriptions or
descriptions that are more general. Participantseported different forms of description
for the same basic colour such as blue, dalitue, bright blue and blueish.
The system could also be flexible and provide different ways for the drivers to describe
the location of the vehicle, as this is one of theost important descriptors used. Different
approaches could be implemented such as a wide range of gestures, a rich location
vocabulary for verbal descriptions, and either one of the concepts@viously mentioned
in section7.5.5(windscreen markers or analogue watch). This location vocabulary must
include words or expressions used not only to describe positions relative to the main
vehicle (e.g. in front, on the I&, in the distance) but also to describe a specific location
(e.g. at traffic lights), a lane position (e.g. left lane, fast lane), and the road where the other

vehicle is coming from (e.g. slip road).

7.6.2 Visual limitation
Although there were no participantswith any severe visual limitations in this study, it is

critically important to consider all types of drivers when designing the DDCD. Drivers
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with colour-blindness may have difficulties describing the precise colour of a vehicle
(Wickens et al., 1998, and the system should be able to aid the drivers in such situations.
A dark red car at night could be easily misidentified as a brown one. Rain, snow and fog
also contribute to poor visibility. Some makes and models of cars can be quite similar,
and participants may easily misidentify one make for another, as happeneaélatively
often in this study.
The system should, therefore, be designed in such a way that it can either provide clear
and effective feedback when there was no result in the identification oin case of similar
descriptors, provide extra information about possible similar values (e.g. dark red could

be identified as brown as well) and take this into account when performing a search.

7.6.3 Natural language

The speech recognition functionality of theDDCD should be able to accept more natural
language as other mobile systems nowadays offer (e.g. Siri, Cortana, Google Voice), to
make it easier for the drivers to use it with a low curve of learnability and a better user
experience. The system should pmde clear instructions and help users with which
kinds of descriptors are easily accepteavith a wide range of examples.

The system should also provide examples of descriptors, which are not accepted. An
interesting descriptor, which was rarely used in tle study, involves the description of the
driver or passengers of the vehicle being identified. This descriptor could make very
difficult to be implemented by a system, and drivers should be aware that this sort of
description, although highly applicable may not be used. Users would need to undergo a
training period to understand how the whole process of sending a message works, which

includes the identification of a vehicle.

228



Chapter severy The task of vehicle identification (STUDY D)
Based on the results of this study, the system shouliitially expect the three most
commonly used descriptors, i.e. colour, locatioand classification. Future versions of the
system could be improved to allow other categories of descriptors taalso be

incorporated.

7.6.4 Non-unique identification

The system could be desiged in such a way that it provides prompt feedback when the
driver gives a description which leadsto non-unique identification. Ideally, the system
could narrow down the option of vehicles nearby with the same characteristics and
provide information to the driver about a description that differentiates these vehicles.
For example, if there were two black 4x4s in front of the driver with only one of them
with a spare wheel on the back. If the driver provided the following information to the
OUOOAI ®oOtr i1 BREZADIT O6h OEA OUOOAI AT O1I A DOI
speech or visually through HUD, and allow users to select which one specifigalhey
were trying to identify.

Due to the nature of the process of sending a message, this feedbackusthdoe quick and
help the driver to narrow down the selection to one vehicle only. Otherwise, the vehicle
to be identified may have moved far away from the main driver, which would probably
not make the nature of the message relevant anymore. In additiothis feedback should
be provided only for vehicles in front or behind the driver on the same route. It would be
difficult for the driver to remember specific characteristics of oncoming vehicles if they

had already quickly passed by.

7.6.5 Design of gestures
Acaoording to Wigdor and Wixon (2011), a gesture consid of three stages: registration,

continuation and termination. The first one, registration, is the moment that the type of
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action is set. In the second stage, continuation, any parameters for the gesture are
adjusted. Finally, the termination stage consistof the moment when the gesture ends.
The authors also present some guidelines when designing gestures:
1 The number of steps before the registration stage should be minimal;
1 There should be no ambiguity between the first two stages (registration and
continuation);
1 The same small subset of gestures should be consistently used as the first action
for all gestures;
1 There should be minimal mental and physical workload between each stage
transition;
1 The system should provide clear feedback for the user afteachstage;
The use of gestures should also promote safety by reducing visual demand and should be
easy enough to allow drivers to carry out the taskRiener, 2012h. Based onthe gestural
anatomy presented by Wigdor and Wixonand the results of the study, dist of possible
gestures, their related actions and anatomyvere designed by the researcher andre
presentedin Table7.8. Some of these gestures were actuallpade bytwo participants in
the study, while others were added to covetthe most common locations of vehicles.The
system should be able to accept gestures performed with either the left or right hand to

allow drivers to perform the gestures with the handthat is more comfortable for them.
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Table 7.8. Gesture anatomy

Gesture name Logical action Registration Continuation Termination
Identify the first | Point index finger | None Take the finger out
_ ) vehicle located | to vehicle in front of the ranging area
ID First Vehicle | o N ] o
_ in front of the being identified of device, moving it
in Front ] ) .
main one in the back to the steering
same trajectory wheel
Identify the first | Point thumb None Take the thumb out
. ) vehicle behind backwards of the ranging area
ID First Vehicle ) ] o
) the main one of device, moving it
Behind .
back to the steering
wheel
Identify any Point index and Move both fingers | Take both fingers
moving vehicle middle finger following the out of the ranging
ID Moving in front butina | together in front of | movement of the area of device,
Vehicle different vehicle being vehicle to be moving them back
trajectory identified identified to the steering
wheel
Identify the Point index finger | Move index finger | Take the finger out
second vehicle in| in front back and forth two | of the ranging area
ID Second ) ) ) o
front of the main times of device, moving it
Vehicle in Front ) _
one in the same back to the steering
trajectory wheel

Identify a vehicle | Point whole hand, | Raise handtotop | Take the hand out

] locatedfar away | palm down in front | near the head of the ranging area
ID Vehicle at ] . _
) from the main of device, moving it
(Far) Distance :
one back to the steering
wheel
Identify a vehicle | Point thumb to the | None Take the thumb out
located on the right of the ranging area
ID Vehicle on . ) . L
) right-hand side of device, moving it
Right . .
of the main one back to the steering
wheel
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Gesture name Logical action Registration Continuation Termination
Identify a vehicle | Point thumb to the | None Take thethumb out
] located on the left of the ranging area
ID Vehicle on ) . L
Left left-hand side of of device, moving it
e
the main one back to the steering
wheel

7.6.6 Design issues

Based on the results of this study, some design issues and limitations of the device were
also found. Firstly, it proved to be quite difficult to clearly identifyoncoming vehicles,
especially when travelling at higher speeds on a motorway or dualarriageway where
there is a physical barrier separating lanes. Secondly, poor visibility conditions may
restrict clear identification of some descriptors such as @hicle colour and vehicle make.

A mixed approach could be the solution forcapturing gestures under different light
conditions, with cameras working in brighter conditions (e.g. during the day) and

infrared light detectors during darker periods.

7.7 Taxonomy

Based onthe results of this study, a taxonomy of vehicle identification was designed. This
taxonomy would be of considerable value to designers of a driveito-driver
communication device. This taxonomy presented inTable 7.9, contains all descriptors
found in this study, highlighted in bold and many others that could be used to identify
vehicles. A database of these descriptors with a wide vocabulary for eachtieém could

be incorporated into the system.

232



Chapter severy The task of vehicle identification (STUDY D)

Table 7.9. Taxonomy - Vehicle Identification

TAXONOMYz VEHICLE IDENTIFICATION

1.0 Number of vehicles to send message to

1.1 One

1.2 More than one

2.0 Location of other vehicle(s)

2.1 Single vehicle

211 Location

2.1.1.1 | Relative to main vehicle

2.1.1.1.1 ] In front of main vehicle / ahead / far ahead
2.1.1.1.2 | Behind main vehicle

2.1.1.1.3 | On the left of main vehicle

2.1.1.1.4 | On the right of main vehicle

2.1.1.2 | Specific location

2.1.1.2.1 | At traffic lights

2.1.1.3 | Lane position

2.1.1.3.1| Lane location (left lane)

2.1.1.3.2 | Lane characteristic (e.g. fast lane)

2.1.1.4 | Road coming from (e.g. slip road, oncoming traffic)
2.1.1.5 | Position of other vehicle (e.qg. first car in front of the queue)
2116 |- AET AOEOAO8O AEAIT A T &£ OEOEITI
2.1.1.6.1 | Blind spot

2.2 Multiple vehicles
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221 In a specific circular range (e.g20-meter radius)

2.2.2 In a specific linear range (e.g. 100 meters indnt/behind)
3.0 Direction of movement of vehicle

3.1 Vehicle

3.1.1 Main vehicle

3.1.2 Other vehicle

3.2 Direction of movement

3.2.1 Moving forward

3.2.2 Moving backward

3.2.3 No movement

4.0 Angle of other vehicle(s)

4.1 Same direction agmain vehicle (i.e. zero degrees)

4.2 Opposite direction- coming towards main vehicle (i.e. 180 degrees)
4.3 Perpendicular direction (e.g. on an intersectiory 90 degrees)
4.4 Any other angular direction

5.0 Speed of vehicle at moment ahteraction

5.1 Vehicle

5.1.1 Main vehicle

5.1.2 Other vehicle

5.2 Stationary

5.2.1 Parked
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5.2.2 Not parked

5.3 In movement

5.3.1 Low speed (i.e. below 30mph)

5.3.2 Medium speed (i.e. between 30mph and 60mph)

5.3.3 High speed (i.e. more thattOmph)

6.0 Action of vehicle at moment of interaction

6.1 I xT OAEEAT A j A8C8 xABO0OA A T111TxET

6.2 Other vehicle (e.g. overtaking, delivering at pub, signalling to turn
OECEOh AOAEEIT C8(Q

7.0 Visual limitation

7.1 No visual limitation z i.e. clearidentification/visualization of other vehicle
and driver

7.2 Partial visual limitation z i.e. no driver identification, but clear
identification/visualization of other vehicle

7.3 Visual limitation z no identification of other driver and vehicle

7.3.1 Physical separation

7.3.1.1 | Road characteristics

7.3.1.1.1.| Central reservation (e.g. motorway)

7.3.1.1.2 | Road infrastructure (e.g. buildings, road works)

7.3.1.1.3 | Road inclination (e.g. hills, slopes)

7.3.1.1.4 | Bend on the road

7.3.1.2 | Other vehiclke(s) blocking
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7.3.2 Limitation due to weather

7.3.2.1 | Dense fog

7.3.2.2 | Heavy rain

7.3.2.3 | Heavy snow

7.3.2.4 | Bright sunlight

7.3.3 Limitation due to insufficient light (e.g. nightfall, dusk z no road
illumination)

8.0 Vehicle Identification

8.1 Make

8.2 Model

8.3 Size

8.3.1 Big

8.3.2 Small

8.3.3 Tiny

8.4 Colour

8.4.1 Detailed description (e.g. dark navy blue)

8.4.2 Single description (e.g. blue)

8.4.3 Approximate description (e.g. blueish)

8.5 Classification

8.5.1 Lorry / HGV

8.5.2 Bus

8.5.2.1 | Double-Decker

8.5.2.2 | Single-Decker
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8.5.3 Van

8.54 Minivan/ people carrier

8.5.5 SUV

8.5.6 Saloon

8.5.7 State car

8.5.8 Medium size car

8.9 Motorbike

8.10 Road sweeper

8.6 Number plate

8.6.1 Personalised number plate

8.6.2 Description

8.6.2.1 | Full number plate

8.6.2.2 | Partial number plate

8.6.2.2.1| Year

8.6.2.2.2 | Starting / ending with

8.7 Type of vehicle

8.7.1 Regular vehicle

8.7.2 Emergency service (e.g. ambulance, police, fire engine)
8.7.3 Delivery service

8.7.4 Other special vehicles (e.g. ice cream van, funeral car etc.)
8.8 Specific characteristic of other vehicle

8.8.1 Vehicle Design

8.8.1.1 | Words on vehicle (e.g. name of company, advertisement etc.)
8.8.1.2 | Sticker on window
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8.8.1.3 | Different visual representation (e.g. lady bird spots on bonnet, stripes
on bonnet and checks on sides)

8.8.2 Use of lights

8.8.2.1 | Headlights

8.8.2.2 | Fog lights

8.8.2.3 | Brake lights

8.8.3 External attachment (e.g. ladder / bicycle on top, spare wheel on the
back)

8.8.4 Exterior cleanliness

8.8.5 Number of doors

8.8.6 Age of car

8.8.7 Problem with vehicle (e.gdeflatedOUOA R AT T O T BPAT 8¢

8.8.8 Car customization (e.g. different alloy wheels, bigger exhaust pipe, etc.)

8.9 Time of identification (e.g. ju st now)

8.10 Comparison to other well -known vehicles (e.g. Royal mail type van)

8.11 Vehicle previously identified (e.g. same vehicle as before, the one | saw
earlier)

9.0 Issues in Identification

9.1 Uncertainty of identification

9.2 Repetitonof AAOAOEDOETT j OAl OA AAOh Of |

9.3 Error in identification

931 Corrected identification

9.3.2 Non-corrected identificatio n
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9.4 Non-unique identification

10.0 Driver/passenger identification
10.1 Gender

10.2 Age range

10.2.1 Youngadult

10.2.2 Adult

10.2.3 Senior

10.2.4 Very elderly

10.3 Physical characteristics
10.3.1 Hair

10.3.1.1 | Style

10.3.1.2 | Colour

10.3.2 Skin colour

10.3.3 | Otherdriversd Al 1 OEET C
10.3.3.1 | Clothes

10.3.3.2 | Hats

10.3.3.3 | Glasses / sunglasses
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7.8 Limitations

This study wasan initial exploratory study. Therefore, ten participants were considered
a reasonable figure. After analysis, more participants would be beneficial anslould
provide more data that are valid.

A dashcam is aron-board video camerathat continuously records the view through a
vehicle's windscreen. It may be attached to the interio windscreen or the top of the
dashboard, by a suction cup or adhesive tape mount. It is mainly used to record traffic in
front and behind the vehicle. Errors in vehicle identificationwould be more precise if a
dashcam had been available throughout all the data collection phase. The ¢yacking
monitor provided an appropriate front view camerato record where participants were
looking all the time. However, there were some situationsespecially when a vehicle
behind was identified, that it was not possible to thoroughly check which vehicles were
behind the car at the time and to confirm if it was a unique identification or if there were
any errors. Therefore, for these situations, noreor was recorded.

Although the beeps were controlled by the main researcher and were not played at
specific intervals of times, some vehicle identifications could not be considered totally
instinctive, as participants were looking for vehicles beforehandThey knew they were
going to hear the beep frequently and therstart looking for vehicles to identify nearby.

Therefore, for this particular study, a time to completedsk measure was not evaluated.

7.9 Conclusion and future work

Drivers encounter different stuations on the road, which require them to communicate
with other drivers. A driver-to-AOEOAO AT i1 O1T EAAOCEIT AAOQEA
intentions clearer. One essential task before sending a message to another driver is to

identify which vehicle to sendthe message to. Designers and developers of a vehicle
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identification system could take into consideration important aspects such as the
sequence of descriptors used and a combination of both verbal and gestural descriptors
with a rich vocabulary when designing a vehicle identification systento provide a better
user-experience for drivers. The system should also be able to deal with different kinds
of errors in the identification process. Some design issues with the system might be
difficult to deal with, which could limit the usecase scenarios of the device.
The study was only run during the daytime, from 10 am to 3 pm. Different situations
might have occurred if the study had also been run during the nightme when there is a
reduction in visibility. Then vehicle colour, make and model would possibly not be listed
as frequently used descriptors. A future study, mainly running during periods of reduced
visibility, would be considered important.
Different results might also have been found if the participats had actually been driving
the vehicle and not sitting in the passenger seat. The number of descriptors might be
different, as the participants would need to negotiate between the main task of driving
their vehicle and the secondary task of idetifying other vehicles nearby.
A future study could also focus on the time to complete the task of identifying vehicles
and the workload involved. Participants sometimes took longer to identify a vehicle in
different situations, and it would be important to know how long each person takes to
identify a vehicle and the demands involved in different situations and road
environments, epecially when they are driving.
The next chapter presents in detail a driving simulator study, which aims to investigate
the task ofsending messages using two different HMIs in two differg time criticality

conditions.
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8 Sending messages with a driver -to-driver

communication device (STUDY E)

8.1 Introducti on

Driver-to-driver communication comprises of an exchange of messages. Drivers send
messages to other drivers and receive messages from them. The task of receiving
messages through the DDCD was investigat in two studies presentedin Chapter 06.
The task of sending messages, accordingttee task analysispresented inChapter 04 can

be divided into two main subtasks; vehicle identification and message composition.
Vehicleidentification was investigated inan onroad study presentedin ChapterQ07. The
main aim of the study presented in this chapter is to investigate the task of message
composition with the DDCD. However, in order to capturéhe whole process of sending

a message, the task of vehicle identification was also investigated in the study.

Drivers can compose messages to other vehicles in different ways. Two distinct HMIs
were chosen in this study, which are based on STUDY A, thxpleratory study presented

in Chapter 05 Results from STUDY A, show that drivers are prepared to send either free
content messages or messages chosen from a tefined list. It was also fand in STUDY

A that both free content and predefined messages have their ow advantages and
disadvantages.Therefore, for the study presented in this chapter, it was decided that one
HMI would be based on freecontent messages in which drivers would mainly interact \a
speech interface. The other HMI was based on a selection of predefined messages

grouped inside a menu structurethat could beinter actedwith a touchscreen device.
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Driving communication scenarios can be grouped to different categories, whereas
messagegan be grouped according to their content. Two examples are: if the message is
related to the drivers themselves or the environment and if the message is related to a
driving manoeuvre or a social interaction. However, driving communication scenarios
could also be grouped based on the time criticality at the moment of communication.
There are some timecritical situations in which drivers may not have enough time to
send a message. One example of such a situation is highlighted in STUD¥eBgection
7.6.6), where drivers may need to send a message to an oncoming vehicle travelling at
high speed on a motorway. Sending a message to a slow vehicle in front, fmtance, is a
less-time critical scenario. The study presented in this chapter investigates the process of

sending messages in both time criticalrad less-time critical scenarios.

8.1.1 Study aims

The main aim of the study was to explore the effects of HMI anohie criticality on the
task of sending messages to other drivers. Two distinct HMIs to send a message were
explored in this study. Several objectives were defireto achieve this specific aimOne
objective of the study was to establish the impact of themo different HMIs on driving
performance by measuring speed deviation in a driving simulator. The effect of the HMI
on task performance was also explored by measuring the time to complete the task of
sending the message and the frequency of errors. Anothebjective was to investigate if
there was any significant effect of HMI on workload. Workload was measured both with
the NASATLX questionnaire(Hart & Saveland, 1988 and with a tactile detection task
(Ranney, Baldwin, Smith, Mazzae & Pierce, 201Driver acceptance of the DDCD was
also investigated with a version of the CTAM questionnaire. The effect of the HMI on

driver distraction was investigated by measuring the total number of offoad glances,
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long glances (> 2 seconds) and glance duration. The last objective of this aim was to
AADOOOA AOEOAOOS6 OOAEAAOEOA (-) DOAmA@AT A/
less-time critical conditions.
The study also aimed to investigate the task of identifying vehicles. Similar to STUDY D,
the analysis of the verbal content of the identification was explored by measuring the
number of unique descriptors used to idatify a vehicle and their sequence. When
involved in the same communication scenario, drivers can compose different messages.
Therefore, the third and final aim of the study was to investigate message composition by

exploring the content of open messagesnd the sekction of pre-defined messagesThe

aims andmeasuresof this specific study are presentedn Figure 8.1.

AIMS MEASURES

. Task performance
. Driving performance

Investigate effect of HMI and time . Driver distraction
criticality on the task of sending

messages
. Workload
. Driver acceptance
. Subjective HMI preference

N
N

N
4

Investigate the task of vehicle
identification S . Content of identification

®

Explore message composition

Content of open message

. Pre-defined message selection

<™
hd

Figure 8.1. Study aims and measures
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8.2 Method

8.2.1 Participants

Participants were volunteers who responded to advertisements posted online (i.e. email
and social networks), and fixed on bulletin boards around the campus at the University
of Nattingham, UK. Participants were recruited on the basis that they must have held a
valid UK driving licence for at least one year and drive regularly. Further requirements
were that they must not be pregnant and not suffer from severe motion sickness,
epilepsy, migraines, dizziness, slgedisorders and blurred vision.

Twenty-one drivers were recruited for this study (11 male and 10 female; Age:
Mean=37.5, SD=14.7, Range=&b years). Participants were experienced drivers
(Number of years driving: Mean = 17SD=13.6, Range=-40 years). Participants were
also regular drivers (Current annual mileage: Mean=6&/, SD=4396, Range=1000
15000).

All participants gave written informed consent before taking part in the study. At the end
of the study, participants were eimbursed with £10 in shopping vouchers for their time

and effort.

8.2.2 Study design

A within-subject design was adopted with time criticality and HMI as independent
variables. Participants were asked to drive under two different scenarios, one with two
time-critical (TC) situations and another with two less-time critical (LTCO) situations. Two
different HMIs to send a message to other vehicle/s were used in this study, both of which
were presented on a touchscreen tablet. In one HMI, participants used free sphédased
commands to send messages whi in the other HMI participants selected the message

based on predefined categories. Dependent variables were task completion time,
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number of task errors, mean and standard deviation of speed, number of affiad glances
(short and long glances), workload ad acceptance of the technology.
Data was collected in the vehicle identification process, as type of descriptors used and
their frequency. The messages sent using the speech interface were also analysed in
terms of OEAEO AT 1T OAT 08 &ET Al 1 Uh OOAEAAOEOA AAC
preferences for HMI in the form of a semstructured interview at the end of the study.

8.2.3 Apparatus and stimuli

8.2.3.1 Driving simulator

The study took place in a fixeebased, mediumfidelity driving simulator ( seeFigure 8.2).

The simulator comprises of a righthand drive Audi TT car positioned in front of a curved
screen with an angle of 270°. Aree overhead projectors were used to display the driving
OAAT AOET 11 OEA OAOAAT 8 ! 1906 ,#$%$ AEODI AU
view, which could be seen by the driver using an existing reariew mirror inside the
vehicle. The side mirras were two small LCD displays located on each side of the car.
Drivers interacted with the vehicle and the simulator software by using an authentic
steering wheel with force feedback, accelerator, brake and clutch pedals, manual
gearshift and indicator cantrols located inside the vehicle. The simulated driving scenario
and driving experience were created using the software STISIM drive (version 3). A
bespoke JAVA application was used by the STISIM software to calculate road speed, which

was then presentedl T AT @oé , #$ /fitie d&rundented . OAA ET OI
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Figure 8.2. Driving simulator with motorway scenario

8.2.3.2 Driving scenarios

The driving scenario initially presented a UK motorway with three lanes on each side
separated by a central reservation area. Participants drove on this road setup for around
2 minutes. This road was then changed to a dual carriageway with the reduction afe
lane down to two lanes. The reason for this reduction is the nature of one of the
communication situations, which requires a vehicle to cut in front of the driver. All the
other communication situations required a single carriageway. Therefore, aftea few
miles, another lane reduction down to one lane took place. Overall, the road was fairly
straight with no sharp bends. The traffic was moderated on both sides of the road. The
scenery was rural with trees and mountains to avoid presenting any other @nent, which
could be too visually distracting. The maximum speed in all four scenarios was set at
70mph. The four driving communication scenarios designed for this study are described

in detail in Table 8.1, with the main driver being the participant:
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Table 8.1. STUDY E Driving scenarios

Condition | Task | Communication s cenario
#

TC 01 A vehicle in the outer lane
of a dual carriageway cuts
in front of the main driver

and suddenly brakes to
slow down. Main driver
needs to send a message t
the motorist of this vehicle
to alert them about their

aberrant and dangerous

driving .

TC 02 On the other side of a single
carriageway, there is an
overturned lorry on a bend
with boxes spread across
the road. A few yards
ahead, main driver needs to
send a message talert an

oncoming driver who is

about to reach this

accident.

LTC 01 A really slow driver,
travelling at well below the
speed limit, on a single
carriageway with steady
oncoming traffic. Main
driver unable to overtake

the vehicle and therefore

needs to send a message t

this driver to speed up.
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LTC 02 On a single carriageway
the mal AOEOAO
slowly has its speed
decreased by the software
to simulate a problem with
the car. Another vehicle
behind approaches and
starts tailgating the main
AOEOAOBO OAE

driver then needs to send a

message to this vehicle
behind abaut the problem

with their car.

8.2.3.3 Touchscreen

Participants sent messages to other vehicles on a 12irsch Microsoft Surface Pro 4 tablet
computer running Windows 10. The touchscreen was placed on the dashboard near the
steering wheel (seeFigure 8.3). Alow-fidelity prototype of the interface of the subtask

of sending a message via the DDCD was created with PowerPoint. Participants were
asked to pressthe touchscreen with their left hand using one finger to start the task of

sending the message.

Figure 8.3. Touchscreen display with prototype
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8.2.3.4 Eye tracking
During the study, participants used eydracking glasses from SensoMotoric Instruments
(SMI) to capture ther eye movements and fixation.The eyetracking glasses were
connected to a lapop computer with a USB cableBefore each driving session, the glasses
were calibrated to make sure that no errorsvere encountered during data recording. The
Cl AOOAO AT 1 OEOO 1T &£/ OEOCAA Oi All OEAAT AAI A

s s oA s o~

frequency of 30 hertz.

8.2.3.5 Video cameras

Participants were video and audiorecorded to enable the researcher to subsequently
analyse in detail their facial expressions and interactions with the different HMIs. Three
miniature cameras were strategically positioned for norobtrusive data capture.These
cameras were positioned on the dashboard of the car facing the participant, and on the

back seat of the vehicle facing the road in front and the touchscreen display.

8.2.3.6 Vibro-tactile sensor

A small sensor was used in this study tallow a secondary taskmeasureof workload to

be captured An ISOstandard process was followed to setup the sensdiRanney etal.,

2014). Participants wore a small buzzer attached to the left part of their neck, just above

the collarbone. Thissmall vibro-tactile motor makes a brief, low intensity pulse (<1 sec).

The buzzer was connected by cable to a button, which was placed around the
DAOOEAEDAT 006 OEGCEO ETAA@G F£AEI CAO8 O0AOOEATE
quickly as possible wha& they noticed the pulse (i.e. tactile detection task). The

researcher provided instructions to the participants on how to fit the motorthemselves

using medical tape.
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The sensor was connected to a laptop via a USB cable. This laptop contained bespoke
software used to capture workload data. At the end of each driving session, the researcher
had to close the application and disconnect the sensor to complete the process of

collecting data. Data collected consisdi £ OEA DAOOEAEDPAT OGQéss OAA

the button (in milliseconds) for each pulse.

8.2.3.7 Task

The task of sending a message consisted of two pagshe identification of the vehicle to
receive the message and the composition/selection of the message. The first part was the
same for both HMIsParticipants were instructed to speak out loud to the system, giving

A OET OO0 AAOAOEDPOEITT 1T &£ OEA OAOCAO OAEEAI Al
on the touchscreen when they finished this step. The second part was different from one
HMI to the other. In the speeckbased HMI, participants were instructed to just say the
message they were going to send out loud and then press anywhere on the touchscreen
to send the message. In the prdefined menu HMI, participants were instructed to
navigate through different levels of a graphical mendbased system, by pressing the
touchscreen until they found the topic of the message they were planning to send, and
then press the YES button to send the messageesearch has been carried out on
investigating visual demand on structured touchscreen menus with various depths and
breadths with the lowest acceptabledemand associated with menus of no more than 3
levels of depth(Burnett, Lawson, Donkor, & Kuriyagawa, 2013 A detailed description of
the interaction process for sending an apologetic message on both HMIs is preseniad

Table 8.2 and Figure 8 4.
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Figure 8.4. Interaction design
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Table 8.2. Interaction design description

Number

Free content speech (SPK)

Pre-defined menu touch (PDT)

Before sending messages, the touchscreen display was blank. Participants touched anywh

on the screen to start the process of sending the message.

The first part is to identify the vehicle to send the mesgge to. An auditory notification was

played on this screen with the following ¢

the description of the vehicle out loud and pressed anywhere on the touchscreen. The systg

then confirmed the action and redirected the participant to the next screen.

i T AT A O) AAT O Epaticipénts Aaid

An auditory notification was played with
OEA A1 11TxETC ATl
i AOOACA68 O0AOOEAEDA
out loud and pressed on the central part of

the screen to confirm the message.

Participants pressedon the first menu level
containing the general categories of message
These categories depicted messages related
the environment (road, weather), to the other

vehicle or to their own vehicle.

3a

By pressing the BACK button on the botton
left corner of the screen the participant
was redirected to the previous screen (2)
and the message and the identificatior

previously established was cancelled.

By pressing the BACK button on the botton
right corner of the screen the participant was
redirected to the previous screen (2) and the
identification previously established was

cancelled.

If a successful message was sent,

notification was displayed. This
notification was both visual and auditory.
After 5 seconds, the message disappeare

and the screen turred blank again.

After choosing which general category of the
message to send (first level menu), a secon
level was displayed. Participants would then
need to select from these options, which ong
was more related to the message they wante

to send.

4a

N/A

If no options seemed suitable, participants
would press the back button, which redirected
them to the previous screen (3) containing the

first level menu.

N/A

If the participant was confident that this was
the message to send, they could just press th
YES button, which would then send thg

message.
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Number Free content speech (SPK) Pre-defined menu touch (PDT)

5a N/A If the participant did not want to send that
message, they needed to press the NO butto
which would redirect them to the previous

screen (4).

6 N/A If a successful message was sent, a notificatiq
was displayed. This notification was both
visual and auditory. After 5 seconds, the
message disappeared and the screen turne

blank again.

8.2.3.8 Questionnaires

Participants were asked to fill in three questionnaires at the end of each driving session.
The first questionnaire was used to detect if participants were feeling any simulator
sickness symptoms $ee Appendix xii page 381). The second questionnaire was a
standard version of the NASA Task Load Index (TLX) questionnaire to measure workload
on five 7-point scales 6ee Appendix xipage380). The last one was a driver acceptance
guestionnaire based on the car technology acceptance model (CTAM)escribed in
section 2.4.1, with 10 Likert-type questions with five options ranging from @btally
AEOACOMDAT | O sde@®Andidixpage377).

8.2.4 Procedure

Before the study beganparticipants signed a consent form and read an information
sheet, which contained detailed information about the procedures of the study. After this,
participants filled in a general demographic questionnaire with questias about their
gender, age, drivingexperience and annual mileage.

Participants were then given 510 minutes to test the driving simulator to become

familiarised with the controls of the vehicle and the driving scenario. Participants were
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asked to drive asthey normally would in a real driving environment and were reminded
that their primary task was the driving task. Participants were also asked to stay in the
inside lane the whole time to reduce variabiliy in results due to overtaking.
Participants thenhad a short practice session, without driving, on how to send a message
using both HMIs they were going to interact with throughout the study. At this moment,
participants were allowed to ask the researcher any questions to confirm that they had
fully understood this task and the study.
After these practice sessions, each participant completed four driving sessions
representing each of the four conditionsg a combination of a different HMI (i.e. speech
based and predefined menu) and criticality (i.e. timecritical and lesstime critical). The
order of the driving sessions was counterbalanced. In each driving session, participants
encountered two events (T1/T2), which required them to send a message to the other

driver. A few seconds before each event occwed, participants heard an auditory

s o~ s oA

notification saying O3 EOOAOETT 1 AAO68 4EEO 11 OEAZEAAQE

a situation that required them to send a message was about to happen. As soon as the

event unfolded, participants heard asecond OAE OT OU 11 OEZAZEAAOQEI 1
At this moment, they had to start the task of sending the message to the other vehicle by
pressing the blank touchscreen. The same situations were presented for each HMI at
slightly different points in the driving scenario, with different vehicles, so that
participants were not expecting them to happen at that point.

At the end of each driving session, participants filled in the workload, driver acceptance
and simulator sickness questionnaires. At the end of éstudy, participants signed a post
trial consent form, stating they were not going to drive for at least 30 minutes after the
study. Participants were also interviewed on their HMI preferences in each situation. The

whole study took approximately 60 minutes to complete for each participant.
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8.3 Results and analysis

8.3.1 Task times

Task times were analysed using-tests (within) for each message task (T1/T2) with HMI

as the independent variable. Unfortunately, four participants had to be excluded from the
task time analysis only, due to techrgal problems capturing the data The Table 8.3
shows mean time (in seconds) and standard eor for each task and condition Results
from the t-tests are displayedin Table 8.4. There was a significant difference in time to
complete the task of sending a message using the speech interfaceewltompared to the
pre-defined menu in all tasks, except one. This was the time to complete the second task

of the less-time critical condition (LTC T2), which was not significant(NS).

Table 8.3. Task time statistics

LTC TC
T1 T2 T1 T2
Mean time (Ss) 10.69 10.89 10.53 9.28
2
Std. Error .92 1.19 .82 .73
Mean time (Ss) 19.06 15.11 14.84 15.33
2
Std. Error 2.13 2.84 1.29 1.79
Time difference (s) 8.37 4.22 4.31 6.05

256



Chapter eightz Sending messages with a DDCD (STUDY E)

Table 8.4. T-test results comparing two interfaces (speech and pre -defined menu) on time to
complete task for each sub -task according to their level of time -criticality

t p d

Tl -3.94 .001 -.98
O
|_
-

T2 -1.41 NS -.32

Tl -3.60 .002 -.83
O
|_

T2 -3.44 .003 -.81

8.3.2 Task errors

Participants made errors when interacting with HMIsFigure 8.5 shows the total number
of errors for each HMI and task. These errors were analysed usingtests for each
message task (T1/T2) with HMI as the indepenent variable. As can be seen ifhable8.5,
there was no significant difference in the number of errors in all conditions except the
second task of thdess-time critical condition (LTC_T2) where the number Derrors for

the speech inteface was significantly lower.

HMI

WroT
5 M spK

3

Errors

LTC 01 LTC_ 02

TC_01 TC_02
Condition

Figure 8.5. Frequency of errors
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Table 8.5. T-test results comparing two interfaces (speech and pre -defined menu) on total number
of task errors for each sub -task according to their level of time -criticality

t p d

T1 -.81 NS -0.18
O
l_
-

T2 -2.5 .02 -0.54

T1 -81 NS -0.18
]
|_

T2 0 NS 0

Participants committed different types of errors when sending messages to other

vehicles. The type of error with its frequency count is listedh Table 8.6.

Table 8.6. Types of errors

Type of error Frequency
Wrong message sent 11
No vehicle identification 8
Wrong vehicle identification 3
No message sent 3
Premature start to sending message 2
Total 27

8.3.3 Driving performance

Mean speed and standard deviation of speed were calculated for each participant during
three of the four tasks (L TC_T1, TC_Thand TC_T2). This measure was not calculated on
the LTC_T2 condition due to the nature of the scenario, which involvetie speed of the
main vehicle being automatically reduced by the software to simulate a mechanical fault

with the vehicle. Mean speed and speed variation were analysed usintgests (within) for

258



Chapter eightz Sending messages with a DDCD (STUDY E)
each message task (T1/T2) with HMI as the independent varidd. Unfortunately, four
participants had to be excluded from these measures due to technical problems collecting
the data Table 8.7 shows mean speed (in miles per har) and speed variation (in miles

per hour) with their standard errors for each task and condition.

Table 8.7. Driving performance statistics

LTC TC
T1 T1 T2
Mean speed (mph) 32.34 36.76 65.48
Std.Error 8.62 13.11 9.04
5
Speed variation (mph) 17.71 18.42 1.21
Std. Error 10.44 9.02 2.41
Mean speed (mph) 37 34.30 64.95
Std. Error 9.5 12.92 7.14
|_
g
Speed variation (mph) 24.62 23.82 2.15
Std. Error 14.45 15.86 4.25

Results from the ttests are displayedin Table 8.8, which shows that there were no

significant effects of the HMI on mean speed and speed variation for all conditians

Table 8.8. T-test results comparing two interfaces (speech and pre -defined menu) on mean speed
and speed variation for each sub -task according to their level of time -criticality

t p d
Mean speed T1 -2.03 NS -.49
O
5
Speed variation T1 -1.95 NS -42
|C_J Mean speed T1 .60 NS A5
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t p d
Speed variation T1 -1.11 NS -.69
Mean speed T2 .20 NS .05
Speed variation T2 -.76 NS -.18

8.3.4 Off-road glances

Complex invehicle displays may result in an increased number ofye glances made
towards the displays while driving. Therefore, it is important to measure the number of
off-road glances in order to evaluate driver visual distraction. The total number of
glances, and more specifically long glances (>2 seconds), was swa&d together with
mean glance duration for each condition (TALTC) with HMI as independent variable (see
Figure 8.6). Two participants had to be excluded from this reasure due to technical

problems collecting the datawith the eye tracking glasses.
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Figure 8.6. Eyetracking measures
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The three measures were analysed usingtests (within) for each condition (LTC/TC)
with HMI as the independent variable. The results from the-tests are displayed inTable
8.9, which shows that there were significant effects of the HMI on the numbaef off-road
glances (all glances and long glances) and glance duration.
Heat maps were also generated to visualize thaegree to whichparticipants attended to
different areas of interest (AOI) during each one of the taskséeFigure 8.7). The AOIs
used in this study were the road ahead, the reariew mirror, the other vehicle (i.e.
receiver of the message), the touchscreen display and the speedometer. These were
chosn because they were the areas which participants most looked at during the
communication processLarger areas in red indicate high fixation intensity. Results from
the heat maps shows higher fixation intensity for the predefined menu HMI when

compared to the speechbased HMI fo the same task and condition.

Table 8.9. T-test results comparing two interfaces (speech and pre -defined menu) on number of
off-road glances for each level of time -criticality

t p d
Total glances -4.26 .00 .98
E) Long glances -6.20 .00 1.42
Glance duration -6.16 .00 1.41
Total glances -4.49 .00 1.03
lt_) Long glances -3.83 .00 .88
Glance duration -5.76 .01 1.32
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T1

LTC

T2

Ti

TC

TZ

Figure 8.7. Heat maps highlighting different AOls

8.3.5 Workload
Workload was measured at the end of each driving session in two different ways,

objectively by a tactile detection task (TDT), and subjectively with a NASAX

guestionnaire, comprised of seven sukratings.

263



Chapter eightz Sending messages with a DDCD (STUDY E)

The seven subratings were analysed using a Wilcoxon signed rank test for each criticality
condition separately (TCLTC) with HMI as independent variable. This data was collected
for all participants in the study. Figure 8.8 shows the values foreach subrating and
condition.

There were no significant effects of the HMI on all sukatings for both critical and less-

time critical conditions. Results from all Wilcoxon tests can be founikh Table 8.10.

Figure 8.8. NASATLX sub-ratings scales
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