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Around three quarters of drivers in England regularly usea GPS

systemto guide them on journeysyet prefer to use asmartphone or

personal device for navigation and wayfinding, rather than a

factory-fitted system. For car manufacturers, therefore, it is

important to consider the potential for novel HumanMachine

Interfaces (HMIs) that are more integral to the vehicleFor the

research community, there is also a fundamentalesire to

understand the balance required between HMIs for navigation
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emphasising the desire for low workload distraction) and a longer

teri DAOOPAAOEOA ET xEEAE AT CACAI AT O

surroundings is encouraged.

This PhD co-funded by the University of Nottingham andaguar
Land Rover, explored theway in which driver s andpassenges
interact when navigating as a meansf informing future HMIs. The
work proposes that Natural lLanguagelnterfaces (NLIs)can be
created which mmic this social relationship, allowing
personalised,context-sensitive, environmental information to be

presented.

Four on-road studies were conducted in the @ton area of
Nottingham, UK,aiming to explore the relationships between driver
workload and environmental engagemengssociated with@ctived
and Qassiveédnavigation systemsIn a betweensubjects design, a
total of 61 experienced drivers completed twaoexperimental drives
comprising the samethree routes (with overlapping
sections),staged one weelapart. Drivers were provided with the
navigational support of a commerciallyavailable navigation device
i OO A (dn ikférimed passenger (a stranger with eert route
knowledge), acollaborative passenger (an individual with whanm
they had a close, personal relationshipdr a novel interface
employing conversational natural language NANLI). The NAVNLI
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was createdby curating linguistic intercourse extracted from the
earlier conditions, and delivering this usinga Wizard-of-Oz
technique. The different navigational methods were notable for
their varying interactivity and the preponderance of environmetal
landmark information within route directions . Participants
experienced the same guidance on each of theo drives to explore
changes in reported and observed behaviouResults show that
participants who were more active in the navigation task
(collaborative passenger oNAV-NLI) demonstrated enhanced
environmental engagement (landmark recognition, routdearning
and survey knowledge)allowing them to reconstruct the route
more accurately postdrive, comparedto drivers using more
passive fornms of navigational support (atNav or informed
passerger). Workload measures (TDT, NASALX) indicated no
differences between conditions, although objective workload
dropped significantly, in the Informed and Collaborative passenger
conditions, on their second final driveMoreover, satnav users and
collaborative passengerand NAVdrivers reported lower subjective
workload during this second drive. The research demonstrates
clear benefits and potential for a navigation system employintyvo-
way conversational language to deliver instructions. This could
help support a long-term perspective in the development of spatial
knowledge, enablingdrivers to become less reliant on the
technologyand begin to reestablish associations between viewing

an environmental feature and therelated navigational manoeuvre.
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Where to start?..... Garw little over four years ago you convinced me
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Nottingham a home, travelled to some amazing ptas, and was lucky

to have been a part of the HFRG family during my time down here. So,

thank you for encouragingme thata PhDwasfor me.

Thank you also for all thePhD relatedguidance support and

encouragementOEA O UT 08 OA CEORT Udnfhdeded 1 ¢ OEA
better researcher and given me confidence that | actuallyo know

stuff. A big special thank you to David though, you joined my PhD mid
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dry humour to the whole process. Thank you especially, for

meticulously going through drafts thatwere sent over andsqueezing

me in for meetings. Yo6 VA AT AOEI 1 EAT O AT A ) 380A AAl

you.

Also, big special thank you tamy family, who,x EET OO ) ET T x UT 08 (
not sureexactlywhat 1do,UT & AT 1T OET OA O1 OO6PPI 00 1A
injected some muchneeded laughter(and delightful escapism)

throughout the great andnot-so-great times over the past four years

AT A ) AT 01 AThdv@ yoA &ll. | hodestly EaAnot s&Y thank

you enough.

A massive thank you tany wonderful friend0d, OEA 02 001 AT A CEO
Emma,Lorri, Sarah, Ayse, Li& Jamesvho have kept me sane.

Whether that was coming to visit me when | first moved down hergor
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Nottingham feel like homewith the introduction of wine club, or just

generally being my very own cheerleadersbelieving and supporting

me at every stage. A special mention to Liz, who has consciously
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refrained from asking me how the write up is going U1 08 OA

wonderful!

Finally, abighigOEAT E UT & 61 11 AU8 4EATE Ui O &
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without this PC you built for me). Thank you for everything my love.
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1.1 USE OF DRIVING NAVIGON TECHNOLOGIES

The performance of invehicle tasks has evolved over the past few
decades. Functions previously under driver control are now
increasingly automated from the early mechanisation of vehia

control tasks to assist drivers with braking (e.g. ABS) and steering (e.qg.
power steering), to later technological assistance with highelevel
tactical and strategic driving tasks (e.g. lane keeping, collision
avoidance, routefollowing) (Stanton & Marsden, 1997, April) Systems
now frequently assist, augment and occasionally replace the driver in a
number of critical driving-related tasks. This shift in task

responsibility has prompted wider literature to caution on the perils of
overreliance and over trust in such systems, amid fears of the potential
safety implications if such systems were to fail or not act according to

driver expectation (Inagaki & Itoh, 2013).

Route planning and navigation is classic example of an automated in

-vehicle task. The replacement of human with technology within the

strategic task of driving navigation is now so commonplace that as of

December 2017, prospective drivers in the UK are required to

demonstrate theirabli EOU O OAAZAT U OOA A 1T AOECAOE
xEEI OO AOEOEI ¢ ET 1T OAAOMD®EA 201K)OAET OEAE

Indeed, such is the proliferation of vehicle navigation technologies that
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a recent survey suggested thatraund three quarters (71%) of drivers
in England now regularly use a dedicated SatNav device or

smartphone app to guide them on journey$Smith, 2018).

Drivers frequently employ electronic navigation systems to assist
them in the planning and following of efficient routes with such
systems frequently acting asdncertainty minimiser O assist users
with effective navigation (King, 1986; Streeter & Vitello, 1986)
@ncertainty minimisersdis a term coined in the literature(Burnett,
1998), whichrefers to the design of currentnavigation systems which
require the driver to continually refer back to the systems visual
interface as they travel. Here, drivers glance back and forth between
the roadway and system to check their progress along the visual map
to ensure they make the correct navigational decisiamhereby,
reducing their own uncertainty regarding the accurate selection of

roadway for anupcoming navigationalmanoeuvre.

Previous literature hasreported that the experience ohavigational
uncertainty canreduce the mobility of individuals who are cautious of
travel in unfamiliar environments, with drivers experiencing

frustration or anxiety when they are unable tonavigate effectively
(Barrow, 1991; Burns, 1997). The use of an electronic navigation aid
can assist users by automating the task of route planning, which can be
a source of stress to the individual, and also by providing navigational
assistance throughout a journey potentially allowing the driver to

focus on the primary, safetycritical task of driving.

The literature has also highlighted the efficiency advantages afforded
by SatNavs, with those drivers using an electronic navigation aid
benefitting from shorter journey times and travelling fewer miles to
reach their destination compared to individuals navigating with a
paper map(King, 1986; Streeter & Vitello, 1986 Speake & Axon,
2012). Additionally, unlike a paper map, a SatNav is able to visually
and aurally represent a route, providing added value for motorists

with limited spatial awareness(Lee & Cheng, 2008)
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However, use of this navigational assistands not without its

problems. Asurvey (2015) conductedby the British road safety

charity Brake has indicated that of the 1000 drivers questionedmore
than one in seven individuals (15%) using a SatNav device have
performed an illegal or risky manoeuvre to correct mistakesnade
when following SatNav instructions. Additionally,one in fourteen

(7%) drivers have had a near miss, having to swerve or brake rapidly
to avoid a hazard, because they were distracted by a SatNawnis

figure rose to one in ten (11%) amongst young drivers. These figures
are further supported by the literature which has emphasised the
tendency for drivers to follow inaccurate system guidance, even in
instances where following these erroneous diretions were perceived
as dangerous or illegal (Forbes & Burnett, 2007). Indeed, the literature
has highlighted the concerning frequency of media reports in which
DAT Bl A A OAendAderingtiekdeivas or Gthers and/or
causing extensivdamage propery damage due in part to their
interaction with a personal navigation technology(Lin, Kuehl,
Schoning, & Hecht, 201,7pg. 1159.

Additionally, wider academicliterature has previously questioned the
workload and distraction potential of navigation devices, suggesting
that the employment of such systems can result in erratic lane
changing behaviours, sudden braking and the inappropriate use of
indicators from vehicles who are unsure of the correct route to follow
(Burnett, 2000). Additionally, the literature has proposed that issues
with the navigational display and the phrasing of wayfinding prompts
can hinder the correct interpretation of navigation information
(Forlizzi, Barley, & Seder, 201Q)

Whilst a substantial corpusof vehiclenavigation literature
understandably focuses on distraction issues, usability and interface
design(Kujala, Grahn, M&kki, & Lasch, 2016Jensen, Skov, &
Thiruravichandran, 2010; Lavie, OronGilad, & Meyer, 2011)an
increasing number of researchers are examining the wider, human
implications of automating route planning and following A further

aspect where SatNavs haveat compared favourably tothe use of
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paper mapsis their ability to connect the driver with the world around

them (Leshed, Velden, Rieger, Kot, & Sengers, 2008, Aprilhis work

has associated the use of electronic navigatioredices with driver

disengagement from the environmen{Lorimer & Lund, 2003);

Asserting that navigating with a SatNav supports only a reduced,

fragmented understanding of a landscapé_orimer & Lund, 2003),

OEAOAAZEI OA Ei PAAET ¢ AT ET AEOEAOGAI 60 Al ¢
SatNavs lead to poor reconstruction and memory of the environment

that the individual is driving through) (Antrobus, Burnett, & Krehl,

2016; Burnett & Lee, 2005)

This literature has suggested that the resulting environmental
disengagement, experienced by SatNav users, may be the effect of the
content of navigation instructions and timing at which they are issued
(Antrobus, Burnett, & Krehl, 2016 Brown & Laurier, 2012;Burnett &
Lee, 2005 Leshed, Velden, Rieger, Kot, & Sengers, 20@pecifically,
authors have argued that driverdfollowing turn -by-turn system
guidanceuse fewer mental resources in comparison to drivers who
utilise a traditional map reading approach(Noy, 1997). Here, the
authors propose thatinclusion of environmental descriptors in
navigational prompts can help to promote environmental engagement
and the subsequenformation of survey (configurational) knowledge
(i.e. a higher order lerel of maplike spatial knowledge that builds on
landmark/route knowledge and facilitates tasks such as detouring,
distance/direction estimations to unseen targets et. By providing
drivers with varied, environmental cues authors suggest that the
current navigational model ofOAT AET A AOEOAQHthex ET Al ET A
instructions given(Brown & Laurier, 2012, pg 1628), can shift to one
where drivers inspect their environment and question navigational
cues, with systems aiming to assist and educate insteafldirect. That
EOh ET OOAAA 1T &£ OOCAITEI ¢ OEA AOEOAO xEA
drivers with the information they need to successfully navigate to

their destination.

Similarly, the work of Burnett and Lee (2005) distinguishes between

OAAOEOARAGORDAG OPDAOET AO 1T £ AOEOET ¢ 1 AOEC
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distinction, active navigation methods refer to approaches which
reference the environment and involve the driver in route planning,
requiring drivers to maintain a sense of orientation throughout tte
journey. In suchapproachesdrivers must utilise this orientation
information to make specific turn decisions, often where there are a
number of options available. Conversely, within passive systems the
navigational decisions required by the driver are elatively simple,
requiring fewer mental resources. For example, drivers must process
basic turn-by turn information z such asan egecentred direction (left,
right, straight on) together with proximity information regarding the
adjacency to a particular ation (next turn, 2nd exit) over relatively
short time periods (one to two manoeuvres ahead). Theriving
simulator study reported by Burnett and Lee (2005)suggests that in
using more active forms of navigation people acquire spatial
knowledge more readily. Consequently drivers would require less
exposure to the environment before they reach a point of system
independence whichrepresents an important point in spatial

knowledge acquisition

However, the authors suggest that drivers utilising these moractive

forms of navigation would generate higher, initial workload values,

OEAT OETOA &ZEi 111 xETC i10A OPAOOGEOAS
exposure to the environment these workload values would reportedly

drop off at a quicker rate than with passive naigation methods. Figure

1-1 below (taken from Burnett & Lee, 2005 hypothesises the

relationships between spatial knowledge and navigation task demands

proposed by the authors.
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Spatial knowledge
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\ Active navigation
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Task Demands

Expaosure to enviranment

Figure 1-1: Hypothesised rela tionships between navigation task demands &
cognitive map development (taken from Burnett and Lee, 2005)

1.2USING THE DRIVPRSSENGER MODELNFDRM INVEHICLE
NAVIGATION DESIGN

A number ofresearchershavereasored that navigation whilst driving
works ®estdwhen performed collaboratively (Forlizzi, Barley, & Seder,
2010; Perterer, Sundstrom, Meschtscherjakov, Wilfinger, & Tscheligi,
2013; Perterer, Meschtscherjakov, & Tscheligi, 2015}his is, when the
driver is assisted by the passenger, providing information in a timely
fashion, checking their understanding and offering clarification. On
this basis Perterer, Meschtschtscherjakow & Tscheligi (2015) made
recommendations for a passengefacingadvanced driver navigation
system. Acting as a secondary system, the authors proposed drivers
should still have access to traditional, driveifacing turn-by-turn
guidance so that they are able to navigate routes alone, without
passenger assistance. Howevem demanding driving situations (e.qg.
unfamiliar areas, bad weather conditions or during night time driving),
the passenger could assist the driver with the navigation task. To do
this, passengers were provided withtablet-basedsystems which
provided enhanced environmental information, beyond traditional
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turn-by-turn prompts. This enhanced information included a route
overview, a detailed map containing landmark information and a
number of OAAT AT A6 OEODOAOQEI T O 1 AAA AAOGEI U E.
corresponding landmark information. Using this enhanced
information, passengers could assist the driver during demanding
periods so that drivers could focus their attention on the safe control
of the vehicle. Whilst such a tool could provide workload alleviation
for the driver during demanding periods and assist with
environmental engagement, the presence of an4car passenger is not
always guaranteed, nor practical. Therefore, drivers may only benefit
from such a device sporadically when they are accompanied on

journeys.

Whilst this thesis is not proposing the development of passenger

facing systems to assist drivers with the navigation taskhere are a

number of components, grounded within the driverpassenger model,

which may help to promote incar communication and asistance

behaviours.Building upon the previous work of Clark, Stanton and

Revell(2018) who explored how human verbal dialogue can improve

vehicle hand over inlevel 3 & 4autonomous vehicles analysis and

exploration of the components within driver and passenger

communicationscanbe used to enhance our understanding of in

vehicle interactionsand driver information requirements. Perterer,
Meschtschtscherjakow, Wilfinger &T'scheligi (2013) analysedthis

cooperative relationship andthe communicationsof driver-passenger

pairs in an ethnographic observationwhich revealed a number of

behaviours performed by passengers to assist and support drivers

throughout the course of the journey. One such behaviour included the

adoption of various communication strategies according to driving

context TEA AOOET 00 OAZAOOAA O OEEO AO OEA
COl O1 A6h OOAOET ¢ E OO-cakEdomriugicatiohsAA O1T OO0OA
AAE 1T AOGAOOAA ET OOATAA 1T &£ OGATITTT1T coOi O
mediating verbal interactions according to the perceived demand of

the driving task. Passengers could be observed withholding and

delaying interactions until driving manoeuvres had been completed

(e.g. lane changes). Conversely, more frequent interactioneve
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evident during hazardous road conditions (e.g. driving on snow
covered roads), where passengers repeatedly checked the wéking

of the driver.

When travelling together, driver and passenger share the same

environment, and they are able to take intoaccount what one another

sees and experiences. This can include an understanding of the focus

of the other® attention or where he or she may be pointing.

Additionally, driver and passenger frequently have a prexisting,

personal relationship with one andher. This meansthat the passenger

AAT EAOA Al AxAOAT AOGO T &£ OEA AOEOAOGO
OEOO A1 EAT AET ¢ OEduénhGhat@uidantelandi Cc OT OT Adh
interactions can be tailored according to driver preference and

competence. Forlizzi, Bdey and Sedei(2010) examined how varying

familiarity between driver -passenger pairs can influence itar

interactions and how each pairing approaches a navigation exercise.

Findings illustrated that previously unacquairted driver-passenger

pairs communicated with one another formally, with incar

interactions solely focused on the navigation task at hand.

Alternatively, parents within parent and child collaborations used the

navigation task as a teaching exercise, withggsengers situating

I AGECAOEIT T Al DPOITiDpOO EI OEA AOEOAOGO b
meaning to places observed on the drive. Finally, more informal

interactions were observed within married couple pairings. Here,

conversations frequently drifted from the navigation task and

navigational information was provided at a more conversational level,

with passengers using their shared, common knowledge to situate

route instructions, with drivers frequently challenging or ignoring

instructions if they felt there was a more appropriate navigation

choice. These observed, varying interactionighlight the diversity of

navigational interchanges, with each passenger approaching the

navigational task differently according to driver experience and

preference. Something which is not currently considered in electronic

navigation systems, which utiise a oneway information exchange,

relaying direct, task-oriented navigational prompts to drivers.
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In addition to personalising route instructions, Forlizzi et al (2010)

reported that passengers informally discussed and directly referenced

landmark inform ation within their navigation instructions z a practice

which the wider literature has suggested is common amongst human

generated route instructions(Michon & Denis, 2001) Indeed, within

LT TATG80 jpwwxq Oddndidng i idpokaiedd AOEOA AEO
referencing landmarks at navigational choice points is emphasised,

with Allen (1997) reasoning that performance is better when

instructions are more detailed and frequently refer to landmarks,

reducing navigational uncertainty at places where directional choices

have to be made. This is in contrast to how electronic navigation

systems frequently present wayfinding information. Such systems

predominantly issue turn-by-turn navigational guidance, utilising

distance to turn information alongside directional (left and right)

instructions. Such verbal prompts are predominantly issued alongside

A OEOOAI OADPOAOAT OAOGETT 1T &£ OEA EOT AOEI

environment.

The literature has long discussed the incorporation of landmark
information within navigation system prompts (May, Ross, & Osman,
2005; May & Ross, 2006Reagan & Baldwin, 2006)reasoning that
systems which provide drivers which this rich information promote
engagement with the wider environment, making invehicle

navigation more effective (fewer navigational errors), efficient
(reduced workload, changes to driving behaviours e.g. lane keeping)
and satisfying (increasing driver confidence) to uséMay & Ross,
2006; Bengler, Haller, & Zimmer, 1994)However, there remain a
number of challenges associated with relaying landmark information
to drivers. Namely, the creation of the underlying database of
landmarks from which systems would draw wayfinding information
AT A OAT AAO APPOT POEAOAKh OAIT EAT O 1 AT AT A

immediate environment, which are able to be quickly identified.

Rather than focus on the appropriate selection of landmarks for use
within vehicle navigation systems, this thesis will explore the

environmental landmarks which passengers (acting as navigaits)
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naturally refer to within route instructions and how drivers interpret

and deal with such references.

Due to the realities of everyday car travel, it is not always possible, or
practical for drivers to be accompanied by a passenger, a large
proportio n of journeysnow seedrivers travelling alone, whichmeans
they are unable to able to make use of the contextually sensitive,
interactive assistance of an ircar passenger. However, the recent
proliferation of voice-based systems has prompted researchets
consider the advantages of combining the knowledge of driver
passenger collaborations angpeechbasedinterfaces to explore the
employment of voice technologies within vehicles, which are capable
of simulating an obliging, loquacious passengeflLarge, Clark, Quandt,
Burnett, & Skrypchuk, Steering the conversation: a linguistic
exploration of natural language interactions with a digital assistant

during simulated driving, 2017).

1.3SPEECH BASED SYSTEMWISHUMAN FACTORSNCERNS

Despite"” AOOTA®BIAU AA OO AholaRy the m&EIA® O
demanding piece of electronic equipment which could be installed in a
car is a moniton (1991, p.1248), modern vehicles now almost
universally contain at least one visual interface to anmunicate a vast
array of information. Drivers are now able to receive and follow
navigation information presented on interfaces, select and move
between radio stations and other music platforms and newer vehicles
often provide drivers with a road legal lnk to their smartphones.
Despite this continual growth of functionality amongst invehicle
information systems, concerns remain surrounding their potential to
degrade driver performance(Bach, Jaeger, Skov, & Thomasse, 2009;
Nwakacha, Crabtree, & Burnett, @1.3). It is, in part, due to these
performance and workload concerns that the literaturg(Carter &
Graham, 2000Nel3elrath, Moniri, & Feld, 2016has offeredvoice-

basedinterfaces as an alternative iavehicle interaction method,as
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such interfaces would purportedly allow drivers to interact with

systems with minimal visual and manual distraction.

As speech is a fundamental means of human communication, using
spoken language as aarchetypefor human-system interaction seems
intuitiv e. Speech recognition interfaces have a number of advantages
within the car environment. As an interaction method, speech
communication is both handsfree and eyesfree, allowing drivers to
keep their hands on the steering wheel whilst maintaining visual
attention on the roadway. Additionally, as humarhuman speech is
such a natural, everyday activity, humans would require minimatb no
training in order to actively engage with systems designed to process
natural language and generate appropriate, conversainal responses.
Indeed, the literature has explored the implementation of speech
interfaces for a number of invehicle tasks including: navigation
destination entry, email processing, mobile phone dialling and music
selection tasks(Barén & Green, 2006) Here, the literature suggested
that utilising speech-based interfaces within vehicles improved driving
performance, enhancing secondary task performance, whilst reducing

driver workload and improving eye glance behaviours.

In addition to the performance benefits widely reported from previous
research, there are the wider social perspectives on the use of speech
especially natural language systems$peech is the primary means of
social identification amongst humangBarthes, 1977)and from an

early age we develop the ability to quickly extract salient, social and
paralinguistic cues from conversationgBarthes, 1977), quickly

i AEET C AAOAOI ET AGET 1 Qer,kAdticn0 OEA OPAAEA
personality and even hometown from the pitch, cadence, volume and
rate of their speech(Nass & Brave, 2005)In addition to extracting this
granular detail from our conversations, we also, unconsciously, make
useof conversational principles, to ensure that our colloquies work
effectively and do not break down. These principles, referred to as
conversational maxims have become so intertwined with language we
are frequently unaware of their importance(Thomas, 2014) Maxims

related to quantity, relevance and clarity ensure that we provide no
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more or no less information than the conversation demands

(quantity), whilst asking the right questions or making appropriate

comments to ensure theadvancement of the conversation (relevance),

AET AT T U OEA T AgEI 1T £ Al AOEOU OAI EAO OE
between speaker and listener. We achieve this by ensuring our

responses are tailored to our listener by adopting words and

referencing concets which we believe they are able to understand

(Grice, 1975)

As humans, we are so proficient in our use of speech that we

frequently employ all of these principles at once, quickly making

numerous determinations about speakes without conscious thought.

This represents aconsiderablechallenge forspeechbasedinterfaces,

if we are to interact with these systems in the same way as another

human, designers must consider the appropriateness of system

responses and how best to dggn systems to mitigate user frustration

and acceptance. Indeed, the literature has made recommendations for

how systems should interact with users in instances of misrecognition,

an important feature to consider when even systems with a 95 percent

word recognition accuracy, will have one recognition error in every 20

user commands or initiations(Olive, 1997). In these cases of

misrecognition, research suggests that voiecbased systems should
AREAOGA Oi 1T ARAOOI shéull takeEhd ilame forranyO U OO AT O

i EOOADPOAOAT OAOETT O OOET ¢ OOAOQAI AT OO 00
PpOT AAGO Ui 60 OAI AAOGET T h PI AAOGA OAU ACA
system® language subsequently makes users feel better and more

comfortable with theil OAOZEAAA8 (1 xAOAOR OUOOAI O xE
AOEOEAEOI 6 ADPOT AAEh OOEZAO A£OT I AOOOE
to humans who blame themselves for mistakes. This is because there

is a generalised belief that when people say things which they shaul

not be motivated to say (i.e. taking responsibility for a mistake), they

are likely to be telling the truth. Therefore, in the syster® case, use of

OEEO 1 1 AAROGEGOhE AGMOASI £ AT COACA 1T AAT O OEAOD ¢
systems as less competent, takindné interface at its word when it

professes to have performed poorly.
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These nuances of human speech are of particular importance when
considering natural language system design, as research has suggested
that during interactions with voice-based systemshumans are unable

to overcome their evolutionary instincts, continuing to impute human

like characteristics to system outputs. Subsequently, attending to and
interacting with voice outputs in the same way whether they are

human generated or machine synthesed, with such behaviours

enduring even when an individual is consciously aware that the

speech they are attending to has a nehuman origin.

Our inability to overcome the evolutionary instincts associated with
speechbased interactions therefore allows dsigners to manipulate
these behaviours through strategic system design. For example,
previous work has shown that varying the linguistic characteristics
AT A OPAAAE AiITOAT O 1T &£ OUOOATI ET OAOAAOQE
learning, trust, performance am even their buying habits(Nass &
Brave, 2005) Large, Clark, Quandt, Burnett, and SkrypchuRQ17)
suggestthat this knowledge coupled with continual developments in
software integration, personalisation and context awarenesmean
that in addition to advancements in linguisticcompetences modern
speechbased interfaces are becomingcreasingly intelligent and

sociallyaware (Large et al, 2017, pg. 54

Indeed, the recent proliferation in Artificial Intelligence (Al) systems

such as Siri, Cortana and Alexa, enables users to perform a plethora of

OAOEO OOEIT ¢ OTEAA Aiii AT AOG8 4EAEO OOA
they interact with consumers using humanlike linguistic features or
OPAOOT T Al EOEAOCS j AT I | whge AAOAA OEA ODPAA

characteristics) such agents are now beginning to acknowledge and

respond to the communicative feedback of users, adapting their
OOAOANOAT O OAAEAOEI 6008 O1 OEA ETOAOII
Whilst these assistants were not primarily designed fothe in-vehicle

environment, the literature points to the potential for use of such Al

OUOOAI 6 xEOEET OEA AOEOEI C Ali AETh xEA
interaction method could offer real safety advantagef_arge, Clark,

Quandt, Burnett, & Skrypchuk2017; Large, Burnett, Anyasodo, &
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Skrypchuk, 2016) In addition to the proposed visual demand
advantages and the intuitiveness of speeebhased interactions, voice
based systems could offer researchers an opportunity to reengage
drivers with their environm ent by offering voicebased navigational
information which references the world around them. Simulating a
loquacious passenger, navigation systems could utilise voice
technologies in navigational dialogue, moving away from the oreay
information exchangeof current systems, to a tweway interaction
model where the driver is able to question the navigational
information which is issued, prompting the system for clarification

should they require additional information.

1.4 SCOPE AND AIMS OF SHE

This section will describe the aims of the research and the main
contributions of the thesis. For clarity, the aims which are presented
below intend to inform natural language system development, rather

than providing any input into their technical development
Overall aim:

A Understand how drivers and passengers interact when navigating as a

means of informing future HMIs that utilise natural language
Specific aims:

1. Explore the relationships between driver workload and environmental
engagement when using activeersus passive navigation systems

2. Develop design principles for navigation natural language interfaces
that adopt a longterm perspective in the development of spatial
knowledge

3. Create a series of descriptive models of active and passive wayfinding
methodswhich depict the relationship between navigational method,

driver interaction and subsequent environmental engagement

33



CHAPTERL: INTRODUCTION

Objectives:

i.  Conduct a literature review focusing on driving navigation,
environmental engagement, wayfinding dialogue and speedbased
interfaces

ii.  Develop a methodology appropriate for the study of navigation in a
driving context and the effectiveness of varying navigation methods,
including natural language interfaces

iii.  Conduct a series of ofroad trials to explore how both active and
passive navigational methods impact driver workload and

environmental engagement

1.5SrRUCTURE OF THE THIES

The thesis is structured as follows:

Chapter 1- Provides a general introduction, background to the

research, aims and objectives and organisation of the thesis.

Chapter 2z This thesis naturally brings together literature and

research from a number of different fields and disciplines. The

relevant reseach literature is therefore extensive and diverse and
includes areas such as: Spatial knowledge acquisition and the cognitive
map, human and driving navigation research, driver distraction and

workload and speechbasedinterfaces.

Chapter 3- Describes andjustifies the methodological approach
adopted in this research. The methods which have been used within
this thesis are then discussed their advantages and limitations, and
relevance for use. Thelevelopment ofand implementation of these

methods are then further detailed in their respective chapters.

Chapter 4- Details the experimental methodology utilised within the
on-road trials within this the thesisz SatNav, Informed passenger and
Collaborative experimental conditions are defined, along with the
demographics and recruitment details of the participant cohort. All

apparatus and posttrial tests employed within trials are detailed.
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Finally, the onroad test environment isdiscussedalongside any
methodological adaptations (e.g.due to seasonal consierations)
which were required to retain experimental control within the

dynamic onroad environment.

Chapter 5 Reports results related to workload measures (NASALX,
TDT, eye tracking data) recorded in the first three omoad trials.

These trials sawparticipants navigate the same three intersecting
routes, twice, one week apart. Participants were guided through these
routes using different navigational aids including; SatNav, informed

passenger, or collaborative passenger.

Chapter 6 Reportsresults related to route learning measures once
participants had completed their final, second drive they were
required to complete a battery of posttrial route learning tests to
provide an indication of acquired landmark, route and survey
knowledge. This datavas examined for differences between
experimental/ navigational condition (Satnay, Informed passenger,

Collaborative passenger).

Chapter7 z Discusses the findings of chapters 5 & 6 and the
differences observed across experimental conditions. These ressitire
then discussed in terms of how they inforned guidelines for the next
phase of onroad trials - a natural language navigational assistant
(NAV).

Chapter8 - Presents the methodology used to create a navigational
transcript from the wayfinding information contained within
collaborative partnership dialogue- the highest rated Collaborative
transcripts (the navigational instructions which resulted in the higrest
route learning scores in drivers) were analysed for common features
and novel content which may play a role in higheraute learning
scores. Tanscripts were firstly separatedinto junction specific
guidance creatinga mega description for each junctin. This lengthy
script was then reduced by eliminating all noressential navigational
information, resulting in a succinct navigational transcript for use in

the NAV NLI which was employed within thenext phase of trials
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Chapter 9z Provides an overview of the technological solutions
employed during the next phase of testing, detailing the Wizar@+Oz
approach utilised to issue navigation information to participants,
providing justification for use of this approach. Secondly, resultsom
the NAV condition are presented (workloadyisual behaviour,
environmental engagement and system interaction) and compared

against the findings observed within the earlier SatNav condition.

Chapter 10- Discusses the main findings of tsisand exanines them
in relation to previous literature . Contributions of the work of this
thesis arethen highlighted, and overall discussion points and
limitations addressed.Chapter 10 concludes by highlightinghe value
of the earlier contributions, and makes reommendations for future

research.
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The thesis brings together literature and research from a number of
different fields and disciplinesz including human geography,
environmental psychology, human factors engineeringand the social
sciencesz and utilises techniquesand methodologes from these fields
of research. The relevant research literature is therefore extensive and
diverse, and includes topics such aspatial cognition, human
navigation behaviours, driving navigation technologies,distraction,
workload and environmental disengagement Although the thesis
draws inspiration from all of these areas, it is fundamentally grounded
in driving navigation technologiesand human factors, and it is here
that it aims to inform. The literature is therefore presented and

reviewed from this perspective.

The literature review is structured as a progression froma more
general discussionaround spatial knowledge acquisition and human
navigation through to the more specific use case of driving navigation
and the concerns, preseted in the literature, of distraction, workload
and environmental disengagement. A subsequent discussion is
presented around the development ofuture natural language i
vehicle navigation technologies which arenodelled onthe

contextually sensitive, interactive assistance of the iear passenger
Figure 2-1 on the following pagepresentseach ofthe research areas

covered by the literature review in this chapter
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Figure 2-1 Research areas covered by literature review

2.1 DEVELOPMENT OF ENWRENTAL KNOWLEDGE

The literature identifies three competing arguments which attempt to
explain how humans acquire spatial knowledge in their early years.
Each of these arguments can beefined as fundamental positions on a
continuum, where at one end, spatial ability is viewed is an innate
faculty, similar to language acquisition, where any acquired knowledge
or behaviours are of a hereditary and biological nature (nativism). At
the other end of this continuum is the idea that environmental

acquaintanceis solely the result of external environmental forces and
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lived experience (empiricism). The third argument seeks to strike a
balance between these two polarising positions, the constructist
position instead asserts that spatial ability is the result of an

interaction between inherited skills and lived experience.

Nativism

Nativism suggests that children are born with predispositions and
react to their environment in pre-ordained ways, these reactions occur
independently of lived experiences or a learning context. The premise
of this point of view is that knowledge is innateand therefore
advancesalongside biological maturity. Steg1976) suggested that the

cognitive mapping (refer to section 2.2) of an environment is an

AbGi 1 OOET T AOUu AAADPOEIT AT A Al HJI AEOEAOA
a vital part to human survival. In this sense, he supported Hewes
(1982) AOOAOOEI T OEAO OCAI COAPEEAAI AxAOAIl

human survival. However, whilst there is some evidence that the brain
possessesnherently broad structures that coordinate our spatial

experience there is little support for any innate knowledge
Empiricism

Empiricism takes an opposing view to nativism. It suggests that all

behaviours and knowledge are shaped through interactions and

exchanges with the environment. According to Langdf969) @he child

is born empty of psywlogical content into a world of coherently

I OCAT EOQGAA AT 1 OAT1 08 1 EEA AT Aipdobu OI AOGA
OOEi O1 Eq 1 EEA A xAg OAAI AO EA 001 OAO O
(p.51). Matthews (1992) summarized three empiricist theories. The

first is the clearestform of stimulus-response theory where an

ET A E O Boidddol kidavledge (responses) are determined solely

by the external environment (stimulus). The second is a variation of
stimulus-response heory where expectancies influence the response

of the individual within the environment (stimulus). The third

empiricist viewpoint is derived from cognitive behaviourism (Tolman,

1948). Here, the cognitive map is the represeation which holds basic

information spatial relations built through prior experience, this
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internal representation mediates the responses of the individual
within an environment. However, the empiricist tradition has been
criticised from a number of perspetives. Firstly, forE Cbebreliance
on animal observations on which it bases its assertions. Secondly, for
its favoured methodology, this is, small scale laboratory studies which

lack ecological validity.
Constructivism

Constructivism can be seen asnaattempt to amalgamatethe two
polarising positions of nativism andempiricism. From the
constructivist perspective knowledge of the environment is not just
accumulated and imprinted upon an individual (empiricism), nor is it
the unfurling of pre-determined knowledge over time (nativism).
Instead, it is viewed as a continually evolving process. According to
Piaget and Inhelder(1956) this continual integration of new
knowledge is defined as assimilation and accommodation
Assimilation is theintegration of new information into existing ideas
or perspectives. Accommodation is the reorganisation of the

ET AEOEAOAI 60 PAOOPAAOEOAO O1I Al PA xEOE
other words, information is continually amassed fromexperience and
interactions with the environment and the process of assimilation and
accommodation determine how this information is organised and

structured.

These theoretical perspectives have generated discussion surrounding
the origins and maturation of spatial knowledge. However, on their
own they are more broad ideas about the alternative ways in which
environmental knowledge isgathered. Whilst offering insight into the
potential learning processes these ideas do not lend themselves easily
to experimental examination. They are instead offered here as an
illustration of the competing perspectives within the literature. Whilst

it is not within the scope of this thesis to debate these competing
perspectives in more detail, a position is adopted throughd this body
of work that the nature of environmental interactions and experiences
AAT OEADPA Al ET AEOEAOAI 80 OPAOEAI EITIT x
spatial knowledge and how an individual thinks about, and moves
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through their environment which has been the subject of much debate

in the literature (Walmsley & Lewis, 2014 Kitchin & Blades, 2002;

Denis, 2017) It is the position of a breath of work that interactions and

exchanges with an environment influence the spatial knowledge

system, also commonfOA AAOOAA O1T AO Al ET AEOEAODAI

2.2 SPATIAL KNOWLEDGE BSOIION AND TKIBGNITIVE MAP

The concept of the cognitive map was first put forward by Tolman
(1948) who proposed that following a period of suffieent
environmental learning animals (including humans) begin to spatially
represent their surroundings in a map like format. Whilst some
authors have questioned the validity of this metaphor many
researchers accept the traditional definition putforward by Downs &
Stea(1973)which states thatcognitive mapping is a process composed
of a series of psychological transformations by which an individual
acquires, recalls, and decodes information about the relative locations

and attributes of the phenomena in kieveryday spatial environmén
(Pg.7).

Early literature has suggestedhat this transformation of
environmental knowledge into a holistic, internal mental magbegins

in our early years(Herman & Segel, 1978) In a series of studies
Herman and Siega(1978) asked children aged five to ten years, from
various school grades to repeatedly walk through a largecale model
town, composed of simplistic pathways ad buildings, placed at
various locations. After experiencing this scene children were asked to
accurately reconstruct building placement within the town. Results
indicated that when children as young as five years of age were given
repeated walking and reonstruction experience their building
placement accuracy dramatically increased. Indeed, after performing
the final building reconstructions placement accuracy was essentially
equal across all age groups indicating that children as young as five
years arecapable ofemploying Euclideanspatial conceptsOncethese
internal spatial structures, formed in our early years, become
established over time the literature has suggested that their use can

have far reaching applications beyond navigation. Subsequently
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cognitive mapping concepts have also been successfully applied to the
tracking of criminal activity, search and rescue operations and the
study of population movement patterns within urban areaqJackson &
Kitchin, 1998). Essentially the examination of cognitive maps

promotes the understanding of where people want to go and why
(Kitchin R. M., 1994)

Whilst cognitive mappingtheories have important, broad applications
in numerous fields, the nost established application of this
environmental knowledge remains within the field of navigation and
spatial problem solving(Arthur & Passini, 1992). That is, individuals
who are able to form comprehensive cognitive maps caexecute
various navigation tasks, with little cognitive demand, using their own
internal representations of the environment. Individuals with these
strong environmental representations are afforded greater route
choice flexibility meaning that they are ake to select the most
appropriate routes for particular journeys (e.g. scenic routes versus
efficient routes), they are also able to respond to the changing driving
context and select alternative routes in unexpected instances e.g. in
heavy traffic and roal closure irncidences. Burnett and Le€2005) state
that a well-formed cognitive map provides an individual with a wider
transport efficiency and social functionas the navigational skills
afforded by these mental represntations mean that individuals may
be more willing to navigate on behalf of others, providing verbal

directions as a passenger, to pedestrians or even over the phone.

Many authors have defined the process that individuals go through to
acquire spatial knawvledge differently, though it is generally agreed
that individuals move through several developmental stages or levels
(Gould, 1989;Stern & Leiser, 1988) Although the literature specifies
that these are discrete, independent stages that individuals manot
necessarily progress through in order it is generally agreed that there
are three levels that individuals move throughwhen forming a

cognitive map:

Landmark knowledge- individuals remember prominent or

conspicuous objects or distinctive road views \wthin the environment.
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2. Route knowledgez individuals begin to link landmarks which appear
along a route, remembering the order in which they appear, the
distances between them and the actions which are performed at their
location.

3. Survey knowledgez the memory which is created when landmark and
route knowledge are integrated to form a comprehensive, majike

spatial representation of an environment.

Earlier literature has suggested that the process through which

individuals acquire environmental information subsequently informs

the content and veracity of the cognitive map which is formed

(Richardson, Montello, & Hegarty, 1999)Traditionally individuals

would amass this knowledge through the direct exploration of their

environment or indirectly via the study of formal maps or through

following verbal instructions. In this sense invehicle navigation

systems present a novel means through which individuals interact

with their environment when traversing routes, elements of the

navigation task which would have been performed using an

ET AEOEAOAI 60 DPOEI O AgbAOEAT AA T 0O OEOI O
are now automated, resulting in individuals being distanced from the

route planning and tactical aspects of their journey. This hggompted

researchers to question how interaction with invehicle navigation

OUOOAI 6 AEEAAOO A1l ET AEOEAOAI 60 OAI AOE
and subsequent cognitive map formatior{Leshed, Velden, Rieger, Kot,

& Sengers, 2008; (rown & Laurier, 2012; Burett & Lee, 2005; Forlizzi,

Barley, & Seder, 2010)

Leshed et a2008, April) conducted an ethnographically informed
study where individuals were observed interacting with GPS devices
on a number of preplanned and artificial routes. These observations
provided evidence that navigating with the assistance of these
technologies promotes environmental disengagement. The authors
explain that when individuals utilise navigation systems they have a
reduced need to understandheir current location within the
environment and the geographical placement of their destination,

meaning the drivers pay less attention to physical landmarks
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throughout the journey and rarely require navigational assistance
from others. This reduced needo feel oriented and keep track of
locations in addition to the breakdown of the social havigation
interactions prompted the authors to the state that use of navigation
systems hinders the process of experiencing the physical world by
navigating through it. The barrier created by the use of irvehicle
navigation systems means that drivers could remain detached from
the environments they travel through, failing to establish the same
level of familiarity that drivers utilising traditional methods are
afforded. Earlier literature also questioned whetherthis dependence
upon aGPSsystem for navigational guidancgBurnett & Lee, 2005;
Jackson, 1996kver truly allows users to reach a point of
independence from the system and subsequently experience the

workload advantages that navigational autonomy affords.

Burnett and Lee(2005) used a simulator trial to study how the
method of navigation influences cognitive map formation and the
workload experienced throughout the navigatio task. Participants
were asked to navigate through simulated routes using either
traditional paper-based maps for route guidance or following the turn
by-turn prompts of a navigational system. The results of the study
indicate that the use of vehicle nagation systems negatively impact
cognitive map formation, with drivers who followed navigational
prompts remembering fewer scenes experienced along the route.
Additionally, these drivers were less accurate in their ordering of
route images and drew simplersketch maps of traversed areas,
incorporating fewer landmarks than those using traditional methods.
The authors reason that a major factor for these results is the depth of
decision-making required by drivers in the two conditions. Where
drivers utilising traditional paper maps are required to maintain their
orientation throughout the journey, making specific turn decisions
where there may be number of available options, drivers following
automated navigational prompts instead are required to make
relatively simple navigation decisions requiring few mental resources.
Burnett and Lee(2005) reason that the dedication of these additional

mental resources is associated with higher levels of stress which may
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be the reason whyindividuals navigating with a map demonstrated
better route knowledge than their GPS counterparts. Previous
environmental psychology literature has asserted that the experience
of stress can have a positive effect on cognitive map formatigivans,
Skorpanich, Garling, Bryant, & Bresolin, 1984)This is because
individuals who are stressed are resource limited in aspects of
working memory which means that they focus on the most obvious
task elements (such as the order of events) rather than aspects which

may require more processing.

These findings prompted Burnett and Le€2005)to question whether
the use ofcurrent passivevehicle navigation systemswhere
associated task demands are relatively loycan ever provoke
individuals to work at a level which induces stress, subsequently
encouraging cognitive map formation and fostering independent
navigators. They argue that whilst these systems assist drivers in
navigating, whilst keeping workload low drivers may never reach a
point of independence from the system, continually relying on an
external source of information to navigate. Ultimately this means that
drivers may fail to form strong environmental representations and
therefore never experience the lower levels of worklad afforded by
the ability to navigate using a strong internal cognitive map. These
concerns have prompted a wealth of work to consider the benefits of
learning orientated navigation systems where individuals could be
guided through routes based on their gor experience or using
navigational prompts which refer to environmental information to
assist route learning(Pfleging, Schneegass, Meschtscherjakov, &
Tscheligi, 2014 Reagan & Baldwin, 20060liver & Burnett, 2008).

Oliver and Burnett (2008) conducted a driving simulator studyto
explore whether the criticisms of environmental disengagement
associatedwith current Satnav technologies could be ameliorated
through the use of novel, learning oriented navigation system3he
authors made adaptations to a basic turfby-turn navigation system
design, incorporating a range of additional features; including

landmarks, compass bearings and previously traversed routes. This
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additional information was communicated to the driver ather visually
(compass bearings/previously traversed routes) via the systems visual
interface, or through the systems auditory route guidance instructions
(landmarks). Findings revealed that users of the learningriented
system displayed better memory fo driven routes when compared to
those drivers navigating using the basic turrby-turn system. There

was also evidence that participants utilising enhanced guidance
developed more complete cognitive maps, and were able to draw more

detailed sketch maps othe virtual world.

However, within post-trial interviews, participants indicted that the

compass bearings and previously traversed routes, presented visually

on the systems interface were not as useful as the auditory landmark

information. Oliver and Burnett (2008) suggest that the compass and

previous route information, may have been too subtle to make an

impact over the short testing period. Whilst the authors go on to

OO0CCAOO OEAO OOAE ET &£ OiI AGETT [T AU EAOA
environmental engagement over time, drivers may instead benefit

from incorporating information regarding previously traversed routes

within the verbal prompts of systems.

So that systems are able tpromote environmental engagement and
encourage spatial learningve must first understand what

environmental components influence spatial knowledge acquisition,
the logical place to begin this exploration is in the natural language

contained within navigational prompts.

2.3NAVIGATION AND THEDER ENVIRONMENT

Previous work has lookedat the development and information

contained within route directions to further our understanding of how

we perceive space and the elements within the environment that v

use to navigate. Allerf1997) suggess that the route directions we

provide are the linguistic expression of environmentalnformation

stored in our cognitive system, and through accessing this stored

AT 6eoi 11 AT OAT ET & O0i AGETT xA AAT AACEI

mental representations ofspace and the information that they use to
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guide themselves through routesPrevious literature has utilised a
number of approaches in an attempt to access this stored
environmental information within issued route descriptions. In one
notable study Denis ¢al (1999) asked participants to orally describe a
designated route which they were familiar with, subsequently using
the corpus of participant routeaccountsto create afundamental
skeletal route description. This comained the key aspects of each
DAOOEAEDPAT O T AOOAOEOA xEEI 0O Al Ei ET AQE
deemed irrelevant by a separate cohort of participants. This approach
suggested that route descriptions which were deemed to be

mention of a landmark with a prescribing action (e.g. at the church
turn right) and descriptions which were succinct were preferable to

those which were highly detailed(Daniel & Denis, 204).

In later work, Lovelace, Hegarty & Montelld1999) utilised a number

of methods to extract the spatial knowledge participants acquired
AEOAO AAET ¢ OxAl EAA -déike@ioddes.Bnca A 1 O1 A
seriesofOAOOOh DPAOOEAEDAT 00-0%x DOASGAGE AL AOI
from an array, accurately retrace the path which they had previously

travelled and write a set of route instructions for an individual

unfamiliar with the area. Lovelace et a{1999) used the findings of this

research to create a set of characteristics for good route descriptions.

These include, but are not limited to:

Providing an individual with preview information about approaching

choice point

Including landmarks at choice pants

Issuing an individual with confirmatory information throughout the

route to reassure them thatthey remain on the correct path

Using landmarkinformation over street names

Presenting route instructions in a sequential manner

LimitingtheuseoE OAAAAA OAlI OA8 EIT &I Oi AGET 1

The works of Denis(1997)and Lovelace et a(1999) both highlight a
T 0 AAO T £/ EAU ZAAOOOAO AOOTI AEAOGAA xEOE
the importance of landmarks within route directions being heavily
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emphasised by both authors. Landmarks are discusseddely
throughout navigational literature and can be defined aghe physical
features of an environment that are external to the observeiBurnett,
1998; Burnett, Smith, & May, 2001Lynch, 1960) The physical
elements of these landmarks may have an extensive range with the
quality of a landmark being determined by its singularity, that is, its
uniqueness or identifiable features that make it ditinguishable from

its surroundings (Lynch, 1960).

Allen (1997) acknowledged the navigational benefits of landmarks
describing their use as environmental reference points, which act like
markers, keeping an individual connected to their geographical
starting point and their final destination, along a specific pté of
movement. However, Allen(1997) suggested that landmarks were just
one environmental feature which individuals could refer to,
throughout a journey, to assist wayfinding, suggesting that utilising
the natural and artificial information contained within pathways and
choice points could also aid route navigation. Pathways refer to the
potential avenues of movement that an individual can follow; these
include various roadways, streets and trails. However, choice points
pertain to areas where a number of pathway options are available to
an individual: junctions and intersections are common examplesfo
these. The significant feature of a choice point is the potential for
navigational error, by presenting individuals with a number of
wayfinding options there is an increased probability that they may
select the wrong pathway for their journey and move frther away

from their desired destination.

This increased likelihood for navigational error at choice points has
led to authors(Allen, 1997; Allen, 2000, Denis, Pazzaglia, Cornoldi, &
Bertolo, 1999) to suggest that landmark information is only beneficial
to individuals when it corresponds to a decision poin{Denis,
Pazzaglia, Cornoldi, & Bertolo, 1999)ndeed Allen(2000) found that
navigational errors occurred less when moving through routes
containing landmark information at choice points in comparison with

routes that contained landmark information at norrchoice points, this
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was of the utmost importance at the end of theoute when demands
on memory were highest. Allen(1997) reasons that the incorporation
of landmark information at choice points allows individuals to build a
mental representation of a route, this representation is costructed
using these environmental features and so as an individual moves
through the route they can continually fix their position to their
location, comparing their current view to their mental representation
of the space. However, the findings of Loveta, Hegarty and Montello
(1999) provide support for the use of landmark information at non
AET EAA DPiI ET O0O8 2APi OOET ¢ OEAO ET AEOEAD
quality for familiar and unfamiliar routes increased whenlandmark
information was available at norchoice points One possible
explanation for this is that individuals like to use landmarks to check
their progress along a route; therefore, the incorporation of these
environmental features throughout route instructions allows
individuals to continually check their orientation. However, it is
important t o note that Lovelace et a{1999) presented these
directions to participants in written format rather than verbal
instructions. Where individuals must remember a set of verbal
directions to navigate this richness of environmental information may
overload working memory, resulting in errors and hindering

navigation.

In addition to landmark information, previous work has considered
the importance of cardinal (north, south, east and west) and distance
descriptors in route directions. Hund and Minarik(2006) found that
participants navigated through a model town faster, making fewer
errors when usingcardinal descriptors in comparison to lananarks.
Taylor and Tversky(1996) bolster this support for use of cardinal
information over landmarks, reporting that people took longer to read
route descriptions containing lardmark information and left and right
turns compared to descriptions containing cardinal directions and
distance desciptors. Hund and Minarik (2006) suggest that these
findings provide support for the notion that landmark information is
inherently more difficult to process than cardinal information.

However, these findings are in antrast to those of Allen(2000) who
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found that navigational errors were more frequent when following
routes that contained cardinal descriptors than those containing
landmark descriptors. It hasbeen suggestedHund & Minarik, 2006)
that the scale of the space and the perspective of the navigator may
provide an explanation for hese differences in preference for cardinal
and landmark descriptors. Studies that have shown an advantage for
landmark descriptors have involved largescale spaces where
participants move through an environment, experiencing them
through a ground level paspective (Allen, 2000; Lawton, 1996). In
contrast, cardinal information was found to be superior when
navigating smallscale spaces with an overhead perspectiélund &
Minarik, 2006). These findings have important implicaions for
providing individuals with wayfinding information appropriate to

their specific navigational scenario.

Previous work has highlighted this relationship between perspective
of the navigator and the cues they use to move through space, looking
specifically at route descriptors. Much of this literature distinguishes
between the use of route and survey perspectivaa navigation
information (Hund, Haney, & Seanor, 20Q®adgitt & Hund, 2012
Taylor & Tversky, 1996) Route perspectives are comparable to mental
tours of a route, adopting an intrinsic frame of reference they present
individuals with a set of procedures for route navigation, describing
the changing environment as the individual moves through it. Route
directions will often contain landmark information and frequently use
ego-centred left, right, forward and back as descriptorgHund, Haney,
& Seanor, 2008 Taylor & Tversky, 1996) In contrast, a survey
perspective examines the environmental layout from atwe. Like
viewing a map, an individual experiences the environment from a
fixed, external viewpoint, the position of objects are described relative
to one another and cardinal directions and distance information are
the primary descriptors used to navgatethe route (Hund, Haney, &
Seanor, 2008 Taylor & Tversky, 1996) Whilst both route and survey
perspectives can be effective, previous work has shown that people
using route directions can easily become lost when straying from their

designated route. Thids in contrast to individuals using integrated
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survey descriptions who have been found to navigate more
successfully when deviating from their given route, finding efficient
alternative routes and detours(Lawton, 1994; Saucier, et al., 2002)
These findings suggest that those individuals who use a survey
perspective when navigating are afforded a more complete mental
representation of the landscape in contrast to those individuals
adopting a route perspective who may learn a specific route
independent fromits environment, which subsequently hinders
wayfinding should they veer off route. Despite this, recent work
suggests that there remains a dislike for cardil directions (Hund,
Haney, & Seanor, 2008Hund & Padgitt, 2010)with people indicating
that they found their use unhelpful, particularly when they were

unsure of a natherly direction (Devlin, 2003).

Although route descriptors, navigator perspective and the cognitive
demands associated with route directions all have a mieed effect on
wayfinding ability, individual differences in spatial skills could also
account for these observed differences in navigational abilittHund &
Nazarczuk, 2009 Kato & Takeuchi, 2003) One such individual
difference is sense of direction 0cO A x AOAT AGO 1 £ | OEAT OAQEI
locatE T {Kézlowski & Bryant, 1977, p.590). Individuals with a good
sense of direction explore their surroundings actively, remembering in
detail the features of the environment. These individuals are capable
of rememberingnew routes effectively, compared to those with a poor
sense of direction(Padgitt & Hund, 2012) Conversely, unconfident
navigators, or those with a poor sense of direction worry more about
losing their way (Bryant, 1982), subsequently becoming lost more
frequently in new buildings or cities (Lorenz & Neisser, 1986jesulting
in feelings of increased anxiety (Kozlowski and Bryant, 1977). Gender
differences have also been @ll documented in the literature, with
DOAOGET 6O OAOAAOAE EI 1 OOOOAOET ¢ 1 AT80 ¢
perspective descriptions, in contrast to women who have typically
been shown to prefer route perspective navigation information(Hund
& Minarik, 2006; Hund, Haney, & Seanor, 2008awton & Kallai,

2002). Additionally, women have been shown to present more

landmark information in route directions, where men include more
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cardinal descriptors (Cherney, Brabec, & Runco, 2008Vard,
Newcombe, & Overton, 198).

Although individuals vary greatly in their navigational ability and
information preferences, the use of gestures to convey spatial
information is an action which is frequently seen to cross the gender
and population divide (Alibali, 2005). Gestures can be defined as
movements of the hands and arms, performed when the speaker is
engaged with a difficult cognitive activity. Speakerhabitually use
gestures when producing linguistic units containing spatial
information, these movements are usually intended to enhance or
supplementtheir communicative statements(Allen, 1997), with
individuals performing gestures nore frequently when discussing

spatial topics rather than abstract or verbakubjects(Alibali, 2005).

The literature has distinguished between two types of gesture;
representational and beat gestures. Representational geses are
movements which are intended to convey semantic content by
creating shapes, identifying placement or simulating motion
trajectory, this classification of gestures is the focus within spatial
cognition literature because of the ability of these moaments to
convey spatial information, relationships and actions. The second
group of gestures are termed beat gestures which are simple
movements, where the performance of these actions is unrelated to
the sematic content within speech these movements aften utilised
to keep the rhythm and flow of speech. The literature has suggested
that the use of gestures to support spatial language can have a number
of benefits for both the speaker and the addressee. Indeed, previous
work has demonstrated the increaed likelihood for gesture
production when discussing spatial topicqAlibali, Heath, & Myers,
2001) and conversely the difficulty of conveying spatial information
when gestures are prohibited(Rauscler, Krauss, & Chen, 1996)
providing support for the notion that spatial discourse and gesture
production are intrinsically linked. Gestures have been shown to
support verbal descriptions of environments from varying viewpoints

with speakers adjustinggesture movements to accommodate the
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addressee perspective (route or survey perspectivelEmmorey,
Tversky, & Taylor, 2000)

Previous work has also illustrated that speakers often intend their
gestures to be communicative, vih the frequency ofaOBPAAEA 08 O
gestures increasing or decreasing deperat on whether the speaker

was physically facing the addresse@Cohen, 1977) Following this, the
performance of redundant gestures, or gestures which ammatched

with the content of the accompanying speech have been shown to
facilitate comprehension of the messagéGlenburg & Robertson,

1999) particularly when the verbal message is complex or ambiguous
(Graham & Heywood, 197§ McNeil, Alibali, & Evans, 2000Thompson

& Massaro, 1994) Therefore, the communicative significance of

gestures is somewhat reliant on the quality of thessociatedspeech.

With the literature pointing to factors such as sense of direction, and
gender playing real roles in our wayfinding ability, in addition to
individual preferences for landmark or cardinal descriptors,and the
natural propensity to use gestures to communicate and comprehend
spatial language. Tis presents a real challenge for navigatiosystems
that must provide route guidance informationon a oneway
interaction platform, for a variety of individuals, with differing

preferences, expectations and varying levels of experience.

2.4DRIVINGNAVIGATION

Navigating in an unfamiliar environmentis one of the most frequent
and demanding tasks that drivers undertake. A plethora of previous
research has illustrated that people experience difficulties when
planning and following efficient routes(King, 1986) (Streeter &

Vitello, 1986) (Wierwille, Antin, Dingus, & Hulse, 1989)When drivers
are unable to navigate successfully research has shown that they can
become frustrated or anxious, with navigationhuncertainty even
reducing the mobility of those individuals who are wary of travel in
unfamiliar environments (Barrow, 1991; Burns, 1997). In addition to
these personal consequences, navigational uncertainly can impact

other roads users, through the inapropriate or lack of use of
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indicators, sudden lane changes or sudden braking by vehicles who
are unsure of the correct routes to follow(Burnett, 2000). Vehicle
navigation systems aim to offer a technological solution to th
problem, guiding individuals through a route, to a destination with the

use of visual and auditory information.

The use of vehicle navigation systems has become increasingly
commonplace over recent years. Typically, they can be observed in
three forms; as integrated vehicle systems; portable dedicated devices;
or as apps for smartphones. Their timesaving qualities and reduced
cost have made them particularly attractive to consumergRowell,
2001). In-vehicle navigation systemaypically work using a
combination of satellite GPS and digital map data to provide the driver
with route directions to a destination. Systems are usually able to
provide drivers with information for the shortest and fastest routes in
addition to routes which travel via particular destinations or avoid
sections of road. This information isusually presented to the driver in

a number of map overviews and through a series of turby-turn
instructions, using visual (text and graphics) and auditory (verbal and
nonverbal) modalities to convey route instructions(Burnett, 2000)
(May & Ross, 2006)A typical turn-by-turn instruction is usually
composed of an auditory message which utilises distancasad names
or more recently road sign descriptors in route instructions. For
AgAi bl Ah 0060601 1T AZEO EI tmm UAOAOGE 10 O
This auditory prompt is usually accompanied with a visual
representation of the turn, this may be in the fom of a turn arrow or a
simulated representation of the junction(Burnett, 2000) (May & Ross,
2006). Typically, systems also employ a distanet-turn countdown
icon and/or numeric that updatesin real time, reducing the distance
information to zero as the manoeuvre is approache(May & Ross,
2006). Though satellite navigation systems generally operate
successfully, this is largely dependent on the completenessdn
veracity of the underlying map databases which they operate from,
thus a large amount of variation can be observed across systelihday
& Ross, 2006)
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the way in which information is presented to the driver (visually and
aurally) is largely consistent across systems, presenting some human
factors concerns. The distraction potential of in vehicle visual displays
has long been recognised in the literature. Witkhe early work of
(Dingus, Hulse, Antin, & Wierwille, 1989highlighting the distraction
concerns of display guidance information where individuals needed to
extract navigation information from complex map representations.
Here, the authors found that where individuals were required

interpret complex visual interfaces to extract junction, roadway name
and distance information this resulted in the operator making long,
repeated glances toward the display. This is of particular ccern
because of the dual task nature of driving navigation; an individual
must be able to extract the navigational information they require from
a system whilst navigating potentially complex driving environments.
The distraction potential of a havigationinterface is something which
has continued to be dscussed in later literature.Kun et al(2009,
September)looked at the time drivers spent looking toward the road
when using a standard system which communicateghformation both
visually and aurally and comparing this to a system which issued
spoken directions only. Here, the authors found that when using a
system which issued both visual and aural information, drivers spent
lesstime looking at the road sceneTherefore, if an invehicle
navigation system is to be successful, it must firstly be safe and not

distract the user from the primary safety critical task of driving.

Previous work has also raised questions about the appropriateness of
distance information as descriptors within navigation systemsMay,
Ross and Baye(2003) point out that humans have an inherent
difficulty in judging distances, particularly struggling to map distance
judgments onto the visual representationof routes. Indeed, when
participants were asked to identify the information within routes that
they felt a driver, who wasunfamiliar with the environment, would
need to navigate successfully. They used distance information as
descriptors infrequently, particularly when participants were trained

along the route using a video as appose to those individuals who had
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extensive knowledge of the area and extracted route information from
their own mental representations of the space. This illustrates that
individ uals are unlikely to naturally use distance information as
navigation descriptors and those individuals who are unfamiliar with
an environmentfind distance estimation difficult. This may be

partially the reason whydistance descriptors are accompaniety a
visual representation of thedriving environment, via the navigation
interface. Without this, individuals are unlikely to map the navigation

instructions accurately onto the environment.

To address this discrepancy between the environmental descriptsr

we naturally use when navigating andhose presented by in vehicle

systems, a wealth of literature has explored the potential for

landmarks to assist driver navigation. This previous work has

illustrated that the incorporation of landmark descriptors in route

information could make systems more efficient, reducing visual

glancing behavious along with driving and navigation errors and even

increase wayfinding confidence and driver satisfactioifMay, Ross, &

Osman, 2005)May & Ross, 2006)Reagan & Baldwin, 2006)In one

such study May and Ros&006) incorporated landmark information

within verbal navigation instructions to examinethe effect that

different descriptors had on driver performance. Three sets of

auditory prompts were recorded, utilising different environmental

ET &£ O AGET T h ETAI OAET ¢ OCi T A6 1 AT Al AOE
information and distance to turn instructions. Here, the authors found

OEAO OET OA PAOOEAEDAT OO OOEIT ¢ OCI T A6 1
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landmark information or distance to turn information. This same

effect was observed for drivng errors, with those participants utilising

Oci i Ae 1 AT Al AOE ET & Oi AGETIT EAOGEIC A O
OA1 AGET ¢ O OAEEAIT A AOAEET C AT A ET AEAA
landmarks or distance to turn information to navigate. These findings

are consistent with those of Bentgr, Haller and Zimmer(1994) who

found that the incorporation of landmarks in navigation information
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significantly reduced the incorrect use of indicators. May and Ross
(2006) also found that incorporating landmarks within verbal
navigation instructions resulted in a 40% decrease in glances made
toward the navigation display leading toward target manoeuvres.
These findings are consistent with Burnet{1998) who found that
emphasising landmarks (in contrast to stressing distance information)
within a vehicle navigation system resulted in fewer glances toward
the display. These studies illustrate the potential that landmk
incorporation into vehicle navigation systems has for improving road
safety, by making a system less reliant on visual cues, glances directed
toward the display are reduced, potentially meaning more time is

spent with eyes on the road.

In addition to these safety benefits, Alm, Nilsson, Jarmark, Savelid and
Hennings(1992) presented participants with simultaneous visual and
aural route directions and found that those participants who received
landmark information in addition to simple direction descriptors (left,
right, straight on) felt significantly more confident about where to

turn, also reporting higher levels of satisfaction toward the content of
the visual display. However, the incorporation of landmark

informati on into vehicle navigation systems is not without obstacles,
with the main hurdle being the selection of appropriate landmarks to
incorporate within a system. Burnett, Smith and May2001) stated

that for a landmark to be of value in a vehicle navigation system it
should possess a number of attributes including permanence,
visibility, location in relation to a decision point, uniqueness and
AOAOGEOU8 4EAO EOh A& GIA AcATEAG A QOTA AN
longevity, either in form or function, for instance over time landmarks
may change labelling but retain their form or function, an example of
this would be a petrol station which changes ownership and
associated signage but retains itbasic function as a vehicle fuelling
station. A landmark should also be visible in all weather conditions
and be located in close proximity to a havigational decision point so
that driver can associate viewing the landmark to the performance of a
particular action. The uniqueness of a landmark was also considered

important in that it should be distinguishable from other
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landmarks as descriptors, this relates to the understanding thaof a
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require minimal descriptive words.

Another important component of route guidance instructions thought
to be integral to navigation efficiency is the timing of navigation
information issued to the driver. Ross and Brad€1995, January)
developed a series of equations which used vehicle speed to calculate
the optimum timing (in terms of distance) of navigation information
issued to the driver. These equatins allowed for the calculation of
minimum, maximum and ideal distance values at which to present
navigation information to the driver for non-sudden manoeuvres,
based on vehicle speeds of between 18 and 101 Km Ross and Brade
(1995, January)stated that the appropriate timing of navigation
information is crucial to system acceptability and safety, explaining
that the premature issue of navigation information to the driver may
result in route guidance information beingforgotten as the driver
attends to other tasks. Conversely, if this information is issued too late
it may cause the driver to miss a turning or brake/change lanes
suddenly in order to make the turn. Other work has illustrated the
potential impact on drivers of the late issue of route guidance
information. Fairclough (1991) found that drivers reported high levels
of temporal demand in response to being given route instructions too
close to a junction. Though, these findirgfell short of providing any
specific values (in terms of distance or time) regarding what was
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Other work has recommended timing the issue of auditory navigation
cues to correspond with external enviromental features. Schraagen
(1990) proposes that on main roads (containing signage) the next
route guidance instruction should be issued immediately following the
completion of the last manoeuvre. He goes on to suggesation
highways, navigation information should be issued as soon as the
driver is able to see the associated road sign. These findings are

consistent with Kishi and Sugiurg1993) who suggest that tailoring
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route guidanceto correspond with existing road signs is a desirable

way to increase driver confidence in the system. Whilst it appears to
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guidance instructions to their corresponding environmental scae,

using road signs as a basis for navigational information would require

systemsto have knowledge of signh placement and may not be an

appropriate approach for roads with sparse or no signage.

Reagan and Baldwir{2006) also recognised the potential for auditory
route guidance systems in place of electronic maps, reasoning that
their use is associated with lower levels of mental workload with
drivers utilising auditory systems being afforded the safety advantage
of keeping their eyes on the road. However, the auditory descriptors
used within route guidance systems must aid the driver in havigation
whilst keeping auditory instructions clear and concise; one way this
could be achieved is to present drivers with auditory wgfinding
information which uses similar descriptors to those used in human
wayfinding strategies. Regan and Baldwi{2006) attempted this,
presenting participants with standard auditory route instructions or
standard audiory instructions plus landmark based or cardinal
descriptors. Participants were then asked tdearn a specific route
whilst driving a simulated vehicle using one of these three route
guidance formats. The incorporation of landmark descriptors within
auditory route guidance was found to lower levels of driver workload
and aid route learning in comparison to standard auditory messages
and cardinal information. These findings illustrate that the inclusion of
particular navigation descriptors can potentially hcrease our learning

of routes, expanding the development of our cognitive maps.

The creation of navigation systems which could foster confident, more
adept, independent navigators is of particular interest as previous
research has associated the use ofcant in-car GPS devices with
driver disengagement from the environment(Leshed, Velden, Rieger,
Kot, & Sengers, 2008, April)This work has argued that navigating

understanding of a landscapéLorimer & Lund, 2003), therefore
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resulting in poor reconstruction and memory of the environment that
one is driving through (Burnett & Lee, 2005 Forbes, 2006) Burnett
and Lee(2005) reasoned that drivers using invehicle GPS may
experience this environmental disengagement as a result of the
content of navigation instructions and timing at which theyare issued,
they explain that drivers using a turnby-turn navigation system use
relatively few mental resources in comparison to drivers who utilise a
traditional map reading approach. For example, a driver following a
GPS device is provided with an egoentred instruction (left, right,
straight on) which they must follow in combination with proximity
information (next turn, second exit). This information is usually issued
over a short time frame, often just prior to the manoeuvre. In contrast,
drivers utilising a traditional map reading method must check their
orientation throughout their journey whilst they are presented with
specific turn decisions which can often have a number of available
options. By navigating in this way drivers using traditional paer maps
interact with their environment, extracting elements of the
environmental scene, using this to create a holistic cognitive map that
they can draw upon in subsequent journeys. However, the findings of
Regan and Baldwin(2006) illustrate that by incorporating natural
navigation language into systems and using this to interact with the
driver, individuals can potentially learn routes independent of the
system, possibly easing a driver mental workload ahdecreasing

attention demands.

2.5DRIVER DISTRACTIO® ANORKLOAD

In the safety critical task of driving the design of irvehicle information
systems is of considerable importance. As drivers are required to keep
their eyes on the road to ensure safe driving the distraction potential
of anysecondary tasks which the drier performs whilst on-the-move
must be carefully considered. Indeed, the findings of Horberry,
Anderson, Regan, Triggs and Browf2006) confirm that the level of
task complexity of a concurrent secondary task is correlat with the
level of driver distraction. A wealth of previous literature has explored
this issue from a driver input and system output perspective. That is,
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the distraction potential and workload associated with drivers either

interacting with systems or responding to system outputs.

Burnett, Summerskill and Porter(2004) compare the control interface
for navigation systems to that of a desktop computer. The authors
explain that interacting with the navigation interfacerequires users to
engage in highly visually oriented tasks, such as scrolling, menu
exploration, selecting items from lists and choosing individual
characters from a large array. The demands associated with the
performance of these tasks have prompted marguthors to express
concern about the biomechanical, visual and cognitive distraction
which may arise as a result of system interactiofGreen, 200Q Dewar,
2002). The work of Tijerina, Palmer and Goodmaf1998) illustrated
this distraction potential of navigation interfaces in a destination entry
task, participants were required to drive around a test track and
simultaneously input a destination into one of four commercially
available navigation devices. Depending on tlireage participants took
between 40 seconds and 2 minutes to complete this task and a mean
number of 0.9 lane departures were recorded, meaning that drivers
typically left their lane when they began entering a destination. As a
comparison when drivers tuned a radio or dialled a phone their mean
task times were 1520 seconds with a mean number of lane
departures of 0.2 0.2. These results indicate that the practice of
interacting with a navigation device whilst on the move places a large
AOOAAT 1 1esolrées id dodadsono other invehicle system

interactions.

A wealth of research has acknowledged the workload concerns
associated with system interaction and habegun to explore the
different modalities through which drivers could interact with and
manipulate systemsGeiger, Zobl, Benglegnd Lang(2001) conducted
a comparative study which evaluated the use of haptic and gestural
controls in the performance of secondary irvehicle tasks. Their
findings demonstrated that the use of haptic pushbuttonand rotary
controls resulted in lengthier task completion times and poorer object

recognition, suggesting that participants had found these tasks more
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difficult to complete using these controls, spending less time with their

eyes directed toward the roadscene. However, the gesturbased

interface which required participants to make dynamic hand

movements in a designated space facilitated drivers in performing

secondary tasks more accurately. Additionally, drivers also perceived

this form of system interadion to be less distracting. Although this
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within vehicle navigation systems it is worthwhile to consider the

potential workload and attention advantages afforded by the

employment of novel fams of interaction which exploit the under

loaded, free sensory channels of the driver.

In addition to the workload and distraction concerns associated with
drivers physically interacting with systems (for example, to enter a
destination) a wealth of literature has focused on the distraction
potential of system output and explored potential future means of
communicating navigation information to drivers. The work of Kun et
al (2009, September)compared the driving performance of individuals
navigating their way through a simulated city environment, using two
different navigation aids, drivers were required to move through two
routes following either a standard navigation device which issued
wayfinding information via a visual interface and through spoken
turn-by-turn prompts or following spoken direction only, issued in the
same turn-by-turn style. Results found significant differences in the
visual attention directed at the outside world between the two
navigational aids. Individuals spent significantly less time looking at
the road ahead when they had a visual display despite this dedication
of visual resources not being integral to the completion of the
navigation task. That is, there were no observed sas of navigational
error in either condition suggesting that the aural spoken directions
were sufficient to guide drivers successfully without introducing a
visual distraction. However, despite the potential driving performance
advantages afforded by thaise of an auditory navigation device the
majority of participants still expressed a strong desire for the presence

of a visual interface within the system. This demonstrates the need to
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balance what is desirable from a distraction and workload perspective

with the expectations and preferences of the end user.

The potential for visual navigation interfaces to distract drivers is
further supported by the work of Jensen, Skov & Thiruravichandran
(2010) who conducted a road trial to study how different navigatn
output configurations affected driving behaviour and performance.
Participants were required to move through a predefined route
following the navigational prompts from one of three devices, these
devices communicated wayfinding information to drivers uig either

a visual only interface, auditory spoken prompts or a using a
combination visual and audio device. Results illustrated that those
participants in conditions that navigated with the assistance of a visual
interface logged significantly more drivihg performance errors,
including speeding and lane keeping violations, than those following
the spoken prompts of the auditory only device. Perhaps
unsurprisingly these drivers in the visual only and combination
visual/audio condition also made significanty more glances away
from the road scene, toward the navigation display, than those drivers
who were issued only auditory prompts. However, despite the driving
performance and visual attention advantages afforded by the auditory
only device drivers reported a preference for the presence of a visual
interface within the navigation display. The authors reason this may
be due to participants in the auditory condition experiencing a higher
workload when navigating as a result of being unable to control the
timely issue of navigational prompts and being unable to refer back to
the system to ensure that they are travelling along the right path. This
heighted workload experienced by drivers following auditory only
prompts was illustrated when all drivers in this candition slowed

down upon the issue of an auditory navigation instruction, a practice
which in previous work has been associated with an increase in
cognitive workload (Uchiyama, Kojima, Hongo, Terashima, & Wakita,
2002, September)

The workload concerns associated with traditional visual and aural

navigation displays has prompted a breath of work to consider novel
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ways in which systems can interact with drivers to communicate
navigation information. Much of this work has focuse@n auditory
navigation instructions and the incorporation of landmark descriptors
into auditory route information. This previous research argues that

the addition of these environmental descriptors could make systems
more efficient, reducing visual glancig behaviour along with driving
and navigation errors and even increase wayfinding confidence and
driver satisfaction (May, Ross, & Osman, 200May & Ross, 2006
(Reagan & Baldwin, 2006) In addition to this, the work of Uchiyama et
al (2002, September)explored the potential to adapt the issue of
auditory navigation instructions according to the mental workload
experienced by the driver, which was most reliably indicated through
the A O E Odlease Of the accelerator péal. Here the authors

reasoned that the changing nature of driving requires drivers to
perform varying tasks resulting in their workload fluctuating
throughout the journey. This changeable nature of workload
experienced throughout driving was also acknowldged in the work of
Van Erp and Van Vee(2004) who utilised a tactile navigation display
to alleviate driver workload. This system indicated directional
information through the issue of a vibration under the left or ridnt

thigh and communicated distance to turn using vibration rhythms that
were issued at closer temporal rhythms when approaching a turn. The
success of this navigational display highlights the potential for systems
to exploit this tactile channel in communcating information. However,
EO EOI 60 1171 U ET OAOEAAA AAOGECi h OEA 11
the timing of information issue which can affect the workload of the
driver. Traffic conditions, driver experience and prior route

knowledge can also inflence driver workload and subsequent driver
performance (Patten, Kircher, Ostlund, Nilsson, & Svenson, 2006;
Yanko & Spalek , 2013)

2.6 SOCIAINAVIGATION
With a growing number of drivers replacing traditional navigation
methods with the use of in vehicle avigation systems the literature
has looked to ways to reduce the distraction potential of systems and

ease the attention demands on the driveiSubsequently, a number of
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authors have advocated fothe development of systems thautilise the
collaborative driver and passenger navigation relationshigForlizzi,
Barley, & Seder, 2010Perterer, Sundstrom, Meschtscherjakov,
Wilfinger, & Tscheligi, 2013 Perterer, Meschtscherjakov, & Tscheligi,
2015) . This traditional social interaction between driver and
passenger is viewed as the most beneficial navigation strategy, as the
passenger considers the drivers previous experience, knowledge and
the current context when issuing navigation information. Inded,
Forlizzi et al (2010) suggest that one of the main limitations o€urrent
passivesystems is how they interact with the driver, with many of the
current systems following a oneway information exchange. Forlizzi, et
al (2010) argue that presenting navigation information to the driver in
this way is not an adequate substitute for the collaborative driver and
passenger navigation relationship, instead they assert that a
navigation task works best when performed collaboratively, with the
driver being assisted by the passenger who provides information in a
timely fashion, whilst continually checking the drivers understanding
of these instructions and offering further chrification where

appropriate.

Forlizzi et al (2010) suggested that a successful collaboration or
communication is dependent upon individuals finding common
ground, with a successful collaboration more likely to be the result of a
relationship where individuals had shared knowledge or experience.
To study how different social relationships can affect our ability to
collaborate and the quality of the interaction Forlizzi et a{2010)

asked groups of parat and teens, married couples and unacquainted
individuals to collaborate on a driving navigation task. Individuals
were randomly assigned to the roles of driver and navigator with the
exception of the parent/teen condition where the teen always
assumed the role of the driver, with the authors reasoning that the
OAAT 80 1 AAE 1 £ AOEOET ¢ AGPAOEAT AA
encourage a richer, more in depth interaction. Navigators guided
drivers along a route using directions which had been generatl via
their preferred means. The authors found that the familiarity of the

relationship between driver and navigator affected the navigation
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relationship and the social interaction amongst the pairs. Parents and
teens, who had little previous experience avigating together treated
the navigation task as an opportunity to learn. With parents often
assuming the role of teacher, situating routes in their previous
experience, offering lane guidance and pointing to landmarks on route,
attempting to attach meanng to environmental objects so that routes
were more likely to be remembered in future journeys. Married
couples, who had thanost experience navigating together, adopted
the least formal, most efficient means of communication of all the
pairs. Conversatims appeared less restricted and more fluid, not
always following a navigation theme. These pairs appeared to display
high levels of trust in their partner throughout the task, though they
occasionally abandoned their task roles, with the driver assuming th
role of navigator if they had a particular route preference. Finally,
unacquainted teams displayed a navigation exchange most similar to
current individual navigation systems. As this paring had no previous
experience navigating together navigators were@nable to situate
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establish common ground by consistently approaching directions with

the same promptmanoeuvre-confirmation exchange.

These findings illustrate that our familiarity with a passenger can
mediate the navigation information which is issued, with collaborative
partnerships working best when a navigator can draw upon the
previous experience or knowledge of the driver, in these relationships
the navigators are more likely to knowthe best way to describe
directions to drivers, issuing navigation information which can help
the driver form a mental representation of the space. Additionally, in
successful collaborative relationships, the driver feels able to
selectively choose the naigation information they use, ignoring
navigation instructions where they feel they mayknow a more

appropriate route.

Forlizzi et al (2010) used these findings to make recommendations for
the design of future navigationsystems, stating that current systems

(which employ a oneway information exchange with the driver) could
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benefit from incorporating characteristics of humanto-human

interactions. From analysing the social navigation interactions of

participants, the authors recommended that future systems should be

capable of issuing a more varied range of information to the driver,

which should be issued irm &1 AGEAT A T AT 1T A0 AADPAT AET C
information requirements and attention constraints. The authors also

recommended that drivers should be able to interact with the system

to exercise greater control over the timing of information delivery and

the modality used to present this information, tailoring the system to

meet their preferences. Additionally, the autors stated the
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could mean that drivers are able to navigate independently of the
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Whilst these findings are able to inform eme interesting
recommendations it is important to note that the qualitative nature of
this research means that these recommendations require further
grounding to ensure that the results obtained are applicable to a wider

population.

The work of Perterer & al (2015) also considered the value of the in
car passenger within invehicle navigation. Informed by earlier
ethnographic research(Perterer, Sundstrom, Meschtscherjakov,
Wilfinger, & Tscheligi, 2013, Feburarywhich demonstrated the
frequently collaborative navigation relationship between driver and
passenger, the authors developed a prototype dual interface designed
to utilise the available cognitive resources of the passenger. The
prototype system, made up from two interfaes: driver-facing and
passenger facing, would issue the standard turn by turn navigational
prompts to the driver when they occupied the vehicle space alone.
However, when drivers were accompanied by a passenger, the
navigation experience was designed to benhanced, issuing detailed
landmark information and upcoming hazard warnings to passengers,
allowing them to assist drivers with the navigating task. Indeed, the
authors suggested that the main advantage of the system, identified by

participants was the gportunity for both driver and passenger to
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utilise the same, shared map view. Allowing them to react
collaboratively to unfolding driving situations. With this ability to
manipulate system view being perceived as particularly advantageous
in dangerous driving conditions (e.g. bad weather conditions, night

time driving) .

In addition to this work other literature has highlighted the
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navigation information. Whilst Forlizzi et al(2010) and Perterer et al
(2015) looked to the collaborative driver/passenger relationship to
inform the redesign of navigation systems, other research has looked
to the development of current digital maps and the use of novel
sensors to reduce the cognitive load of drivers and create a more
interactive driving environment. Lee, Forlizzi & Hudson(2008)
attempted to reduce the perceptual and cognitive load drivers
experience by reducing the visuatlutter of current digital maps
featured within vehicle navigation displays. To achieve this the
authors altered the system view to reflect the navigational importance
of roads or turnings, with the most important items, essential to
navigation being represented with the most salient, attention
demanding icons. Conversely, other environmental features, not
essential to navigation, were designed to appear less eminent, or
alternatively removed from the display altogether. In addition to this
Lee et al(2008) further decreased the visual clutter of the navigation
display by scaling important segments of the journey, distorting actual
road length according to its navigatioml importance, the use of labels
and symbols were ao carefully considered, with care being taken to
avoid any overlap of street names and labels representing
environmental features. These system adjustments resulted in the
development of a display which was quicker for drivers to process,
with drivers spending less time fixating on and glancing toward the

display.
By redeveloping digital maps in this way Lee et #2008) produced a
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environment and how a corresponding digital view may become more
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cluttered in rich environments. Whilst this is useful, this system does
not tailor navigation information at the individ ual level, taking the
view that all drivers may prefer this simplified environmental view, or
even that drivers may prefer to have information presented to them in

a visual format.

Rodzina and Krisofferson(2013, May)instead looked to the future of

in car navigation and considered the development of a system which is
capable of tailoring its output according to the varying social situations
of the driver. Rodzina and Krisoffersor(2013, May) state that there

are a humber of aspects that can impact what an individual will

require of the navigation system. These can include whether a driver is
travelling for business or personal reasons, the time of the day, the

x AAOEAOR O Eilfaritfndrttide Aodté ahd ofiheht route

traffic. All these factors can have various impacts, on which roads the
system should select for travel and the navigational instructions it
should issue. For example, if travelling for business a driver may
prefer to take the quickest route thorough a journey, travelling via toll
roads and nonscenic, fast routes. However, if they are travelling on
the weekend with their family they may wish to treat the journey as an
experience, travelling via scenic roads, passy particular points of
interest along the way. Similarly, if a system is capable of detecting
when a driver is familiar with a route it could tailor the issue of
navigation instructions accordingly. For example, systems could sit in
silentmode alongfami EAO ET OOT AUOh AAAT T ET ¢ OAAOQI
which the driver has not travelled before. Rodzina and Krisofferson
(2013, May)suggest that systems which are able to intelligently infer
the purpose for a journey and givehe appropriate level of route
guidance, whilst also reading the emotional state of the driver (with

the use of sensors) are nigfar away from being produced.

However, further increasing the level of technology within vehicles can
raise the potential for driver distraction and whilst advances in
technology mean that vehicle designers are able to incorporate these
increasingly noveldisplayswithin systems human processing

constraints mean that it is not always responsible to do so. By
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Gtripping backéthe navigation task to the traditiona driver -passenger
collaborative, navigation relationship researchers can explore the
language and cooperation strategies of individuals navigating together
in a shared spaceBy examining the social interaction of the dvier and
the passenger it may be possible to inform the design of a new wave of
navigation systems. Such systems could aim to replicate this
collaborative relationship, issuing useful descriptors to drivers at
appropriately timed points, whilst remaining aware of the driving
context and times where the attentional demands of drivers may be

too great to process additional navigation information

2. 7SPEECH BASED INTEEBAC

The employment of speectbased interfaces within vehicles presents a
novel way in which thedriver -passenger collaborative relationship

can be modelled within next generation irvehicle interfaces. Speech
recognition technology translates spoken words into machine
readable content, this content enables the machine to recognise the
words the person is speaking in order to process the content of the
message, subsequently identifying and acting upon user commands
(Hua & Ng, 2010, November 11)Speech based interfaces allow the
user to manipulate a system verbally ratherhian utilising manual
controls. This type of interaction can therefore ease task completion

and allow users to perform multiple tasks simultaneously.

Previous works have explored the relative benefits of speeebased
interfaces over manual entry for a numler of in-vehicle tasks

including: Navigation task entry, mobile phone dialling, email
processing, music selection, radio tuning and adjusting climate control
(Baron & Green, 2006) Within this literature, it is generally agreed
that individuals drive better (less lane variation and with a steadier
speed), find tasks less challenging and spend more time with eyes on
the road when interacting with speech interfaces rather than
communicating with an interface manually(Barén & Green, 2006)
However, not all invehicle tasks lend themselves equally to voice
control. (Mazzae, Ranney, Watson, & Wightman, 200#®und that the

manual entry of a phone number into a handheld device was
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invariably faster (<20 seconds- <25 seconds) than for drivers utilising
speech recognition technology operated via a headset hands free (<35
seconds- < 45 seconds). Although thisask was able to be performed
more quickly using a different handsfree technology, task completion
times remained favourable in the manual dialling condition. These
results suggest that not all tasks are afforded the same time and safety
advantages assoeited with speechbased systems and certain habitual
tasks where the user is highly experienced are more suited to

traditional manual inputs.

However, the driving behaviour advantages afforded by interaction
with speech-based interfaces are particularly imprtant in the safety
critical task of driving where eyes off road time can result in a collision
or near miss. Previous literature has highlighted that the method used
to interact with an interface can have a significant effect on the visual
attention directed toward the road scene. Itoh et al (2004), compared
manual and speeckbased interactions for changing a radio station and
a destination entry task into a navigation display and found that a
speechbased entry method significantly reduced total glanceral task
completion time, with participants taking up to 12 seconds to
manually enter a destination on an instrument panel compared to the
same task being completed in less than two seconds under voice
control. These findings are supported by the work of Raney and
Harbluk (2002, June)who reported that drivers who were interacting
with a voice-based interface detected significantly more peripheral
targets (an indicator of road scene awareness) whilst performing a
series d secondary tasks including phone dialling and message
retrieval when compared to drivers who interacted with displays

manually.

These behaviour advantages experienced by drivers utilising speech
based systems can subsequently impadtiving performance ard
vehicle control. Itoh et al(2004) found that in addition to a reduction
in task time drivers interacting with speechbased interfaces
demonstrated a significant reduction in standard deviation of lateral

lane position, that is, out of lane excursions or weaving of the vehicle
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compared to drivers who were interacting with a manual display. In
addition to this, Gartner, Konig & Wittig(2001) illustrated that drivers
interacting with speechbased interfaces made fewer lane keeping and
speedbased errors compared to drivers interacting with systems
using manual inputs. Here, the authors reported that when
participants were requested to manipulate audio or navigational
functions within the vehicle, using either speech or manual inputs
drivers in the manual input condition logged more lane keeping errors,
made less traffic observations and significantly reduced their speed to

try to compensate for their additional mental load.

Additionally, Eriksson and Stanton(2017) have advocated for the use
of natural language interfaces within future autonomous vehicles,
suggesting that their employment can enhance humasystem
communication by providing timely, intuitive feedback to drivers,
ensuring they are aware of current system status, informing users why
the system has chosen a particular path of action, and what the next
projected action will be. The authors liken such system
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language can be used to relay information about vehicle sensor
limitations and potential obstructions in the roadway, ensuring that
users are continually kept in the control loop should automation

failures arise, thereby reducirg the likelihood of incident.

Whilst the literature has demonstrated the behavioural and
performance advantages associated with the use of speech recognition
technologies within vehicles, the practicalities of interacting with
speech recognition systems o¥arying quality can diminish the

benefits associated with their usgNass & Brave, 2005)Speech based
technologies remain relatively new and despite the advent of more
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windows Cortana such applications remain unable to recognise and
act upon all inputs. Speech is something which, dependant on the
individual, can happen at a varying pace, in plethora of geographical
accents meaning that even other humans can misundstand or

misinterpret what someone is saying, this presents a real challenge for
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the development of speeckhased systems. Indeed, Gellatly and Dingus
(1998), investigated this concept, and found that when recognition
accuracy of speeckbased systems was manipulated, poor recognition
accuracy was associated with longer task completion times which, in
an everyday context could deter their use in favour of traditional
manual inputs. However, a wealth of other research hasiggested that
whilst higher recognition accuracies are desirable within speech
based systemsusers still interact socially and are influenced by
anthropomorphic agents which are limited in their functionality and
adaptability (Baylor & Kim, 2005, 2009; Gadagno et al, 2007)
demonstrating that, although desirable, systems need not be at full

operational functionality to be of benefit to users.

Individuals may respond and be influenced by the interactions with

speechbased systems as these exchanges simdtuman to human

conversations. Indeed, previous research has shown that using spoken

language as an archetype for humanomputer interaction can engage

and comfort users as system exchanges draw upon the experiences

and expectations the individual has bui from human interactions

(Nass & Brave, 2005)Recent work has further explored the benefits

afforded to drivers when interacting with natural speechbased

systems where the interface initiates and engages the driver in

prolonged, varied exchanges. Large, Burnett, Antrobus & Skrypchuk

(2016) explored whether natural language interfaces could be

successfully employed as a combatant to fatigue. Participants

completed two counterbalanced simulation drives, one with the

assistancel £ T AOOOAT 1 AT COACA ET OAOZAAA AOA;
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as to encourage fatigue and conducted during times of the day when

circadian influences are naturally reduced. During interventn drives

participants engaged in natural language interactions with the digital

driving assistant, centred around navigation advice, meeting

reminders and calendar conflicts. This interaction was delivered

through a Wizard of Oz approach (see section 9.here a
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Interaction with the digital driving assistant was shown to increase
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driver alertness, with participants in the intervention condition
demonstrating a trend toward lower perceived sle@iness and higher
arousal. Objective measures also demonstrated that interactions with
the digital assistant improved lane keeping behaviours and
encouraged earlier responses to the presentation of a hazard situation.
These findings suggest that the employent of a natural language
interface can enhance driver alertness, helping to combat the effects of
driver fatigue which has important implications for driver safety.
However, the cognitive costs associated with interaction with natural
language systems sbuld not be overlooked. Whilst speectbased
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research has shown that speechased activities and interfaces can
increase cognitive demand (Strayer, Turrill, Coleman, Ortiz & Cooper,
2014).0

Large, Burnett, Anyasodo and Skrypchuf2016, October)explored the
cognitive implications of engaging with natural language interfaces,
drawing workload comparisons with handsfree phone conversations
and baselire driving. Again, utilising the Wizardof-Oz approach to
simulate system interactions participants were required to complete
four drives in a medium fidelity fixed based driving simulator: 1.
Interacting with a natural language digital driving assistant, 2
Engaged in a handree phone conversation, 3. Undertaking a delayed
digit recall task (2 back) and 4. A baseline drive with no concurrent
task. Workload was assessed using a variety of measures including:
physiological indicators (heart rate and heart rée variability),
employment of a tactile detection task (see section 33, driving
performance measures (as indicated through standard deviation of
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own subjective assessment of their cagtive demand through the use
of NASA TLX questionnaires. Results indicated that interactions with
the digital driving assistant were generally associated with low or
medium levels of cognitive demand, and natural language system
interactions were largely equivalent to hands free mobile phone
conversations across all measures of workload. Suggesting that

interaction with speech-based interfaces carries an acceptable level of
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secondary task cognitive demand, equivalent to engaging in a hands
free mobile phore conversation. However, it is important to note that
previous works have also reported observed changes in the visual
behaviours of drivers who are engaged in mobile phone conversations
whilst driving. With the visual inspection patterns of drivers engagd

in verbal tasks being impacteqRecarte & Nunes, 2000)meaning that
important driving events usually detected from regular mirror
inspections may be missed. Therefore, the visual and manual
distraction implications associatal with engaging with natural

language interfaces should be considered.

The favourable workload implications of interactions with speech
AAOAA ET ORAOEAAARO EAOA AAAT AAET AA EI
subjective ratings of workload were lower when using speech
recognition interfaces compared to manual inputs. Itoh et gR004)
reported that NASA TLX ratings decreased more than 40% for drivers
using speech rather than manual inputs to interact with systems in a
number of tasks including radio station change and navigational
destination entry. These findings are supported by the work of
Tsimhoni et al(2002) where participants perceivedkeyboard entry in
system interfacesto be moredifficult than either single character or

full word voice entry conditions. Whilst these results suggest that the
cognitive demand associated with interacting with voicebased

systems may be considered lower and the preferred form of
interaction over than traditional manual inputs there are a number of
considerations which researches point to which could influence the
acceptance and usability of natural language interfaces. These include
system speech recognition capabilities as well as system capacity to
synthesise natural language to communicate with users. In addition to
this research has raised questions as to how context aware and
personalised systems should be so that they can respond to prevailing
traffic situations in real time, giving personalised responsetailored to
specific driver preferences and requirementgLeong, Kobayashi,
Koshizuka, & Sakamura, 2005; Pakucs, 200&)ne important aspect of
this is the voice which the system embodies to communicate with

users, something which previous work has shown my influence the
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AOEOAOB8 O AAAADOAT AALake &Burbed,Q@1® 1T £ OEA O
Waytz, Heafner, & Epley, 2014)

Large and Burnett(2014) explored the effect that character voice had
on the trust of users when preseted with a scenario in which there
xAO T AOECAOEITTAI A1 &£ EAO8 )T A AAOxAA
travelled through a simulation following the navigational guidance

issued by a system. These auditory route prompts were issued in
either a voice whichx AO AT 1T OEAAOAA OEECE 000008 1
01 0©06008h OI AA OECI O AAAT I PATEAA OEEO
allowing drivers an additional source of information on which to base

their route selection. At the final junction in the simulation

partici pants were presented with a conflict scenario where the verbal
route guidance differed to the information contained within the road

signs. Here22 out of a possible 29 drivers followed the incorrect

auditory guidance issued by the irvehicle navigation sytem. Of these,
OEA 1 AET OEOU xAOA OOEiI ¢ OEA OEECE

questionnaires revealed that although the content and message

(@}
O;
O
@)

delivery were equivalent in both conditions, drivers recognised
different attributes associated with the navigational wices. This then
influenced their attitudes toward the system, their predilections for
use and the level of trust which they then associated with each voice,
subsequently impacting the navigational decision made when
conflicting information was presented.Though it not desirable that a
misplace of trust in systems could result in users following incorrect
guidance, leading to a potentially hazardous situatigrit offers
important food for thought in systemdevelopment Where design
strategy could be steeredoward fostering trust and therefore
motivating the user to engageAdditional research has explored this
concept and made suggestions surrounding the functional components
of systems which could encourage user engagement and therefore
promote system accetability (Pfeifer & Bickmore, 2009;Eriksson &
Stanton, 2017)

Perhaps one of the most important features for speeebased systems

is the voice which the system utilises to communicate with users.
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Speech is a powerful carrier of emotional information angbrevious
research has demonstrated that the most rudimentary emotions are
AT 11T AAOAA xEOE OEA AAT OOOEA bDOiI PAOOGEAO
loudness, frequency, frequency range and speech rgfdass & Brave,
2005). Therefore, as individuals can make judgements and
determinations about the characteristics and personality of an
individual upon hearing them talk, the selection of a systems voice
which aids user interaction is an integral component to system
acceptability. Because of these subconscious emotional connections
people draw from speech, research suggests that speech activated
systems should utilise a voice which is as humalike as possible in its
tone and prosody, in order to promote system engagement and
generate user trust(Waytz, Heafner, & Epley, 2014Nass & Brave,
2005). Indeed, previous work has suggested that when voidesed
systems do not conform our social and linguistic norms within user
interactions they are perceived as ineffective and are subsequént
criticised and rejected by usergGoleman, 1995) Nass et al (2005)
explored this concept further, examining how the characteristics of an
in-car voice can affect driver performance and behaviour. Participants
had emotion induced through watching fiveminute video clips and
subsequently drove through a simulated environment whilst
interacting with a natural language interface. Here, the voice of the
system was matched to the perceived emotional state of the driver.
That is, nteractions were delivered in either an energetic or subdued
voice to match the emotional states induced in the drivers. Results
indicated that when the system interacted using a voice which was

i AOAEAA xEOE OEA PAOOEAEDPATBOG I1TTA AO
attended more to the road scene and had more extensive system
interactions. This has important implications for system design. With
the advent of technologies, now capable of reading driver emotion,
system voice interactions could be tailored accordig the mood of the
driver. Subsequently influencing driver state, potentially reducing on

road incidents where driver emotion or state is a contributory factor.

Alongside selecting an appropriate system voice to communicate with

users the literature has maa other recommendations which aim to
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make natural language interfaces more usable and desirable from the
user perspective. These recommendations include moving away from
unnatural voice commands to the use of a twavay, interactional
dialogue. The use of @ice commands requires the user to remember
specific prompts to trigger system interaction, usef such prompts
have been previously shown to impact task completion times and
EETAAO A OOAOGO AAEI| @Hangrsdd,HorAT OOAAO OUO
Karat, & Karat 1999, Karat, Halverson, Horn, & Karat1999). Whilst

the use of voice prompts were initially implemented so that system
commands were clearly identifiable from one another(therefore
increasing recognition success ratg), the use of these commands can
feel unnatural to the driver potentially discouraging system
interaction. The literature also acknowledges that not all tasks are
equally suited for control by voice recognition systems. For example,
basic tasks such as pausing music or skipping a song a#ten be
slower and more tedious when operated under voice comman@aron
& Green, 2006) There are therefore situations where voice

ET OAOAAOQEI T O OEI 01 AT8O AA OEA DOEI AOU
instances the implementationof hard keys on the steering wheel could
allow users to complete tasks more quickly, without taking their eyes
off the road. In addition to these recommendations the authors argue
that the use of visual feedback in speech recognition systems can
provide acritical memory aid to users regarding the progress of their
interaction, visual cues could provide users with a visible prompt
about what commands the system is currently processing and when

the system requires a user response to progress.

Whilst presenting users with visual system feedbackallows them to

assess the state of a request. Future speebhsed systens could

promote interactive, two-way dialogue, allowing the user to verbally

check the progress of a request in real time, akin to drivgpassenger

interactions (as discussed in section 26 The location of the passenger

within the same shared vehicle spae as the driver means that they are

ideally suited to support the driver in the most appropriate mannerz

they are likely to be aware of the demands of the driving environment

i PAOOEAOI AOIU EA OEAU AOA Al 01 Al AgbPA
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current navigational dilemma, and can therefore mediate the support

they provide, and the method in which they deliver itlt also provides

OEA 1T PDPT O0O0OT EOU OF OOAOANOAT Ol U AEAAE
any instructions and offer clarification, if and when neessary(Forlizzi,

Barley, & Seder, 2010Perterer, Sundstrom, Meschtscherjakov,

Wilfinger, & Tscheligi, 2013;Perterer, Meschtscherjakov, & Tscheligi,

2015)

Due to the realitiesand practicalities of everyday car travel, it is not

always possiblefor driv ers to be accompanied by a passenger, and

therefore a large proportion of journeys now see drivers travelling

alone. This means that they are unable to access or make use of the

contextually sensitive, interactive assistance of an inar passenger.

However, the recent proliferation andpopularity | £ OET OAIl-1 ECAT 08
based ystems in everyday applicationgresents an ideal opportunity

to consider how suchtechnology may be employed within the

navigation task Specifically, to explorewhether such technolayy could

adopt the role of knowledgeable loquacious passengeto support

bilateral dialogue based on theollaborative effort of both interactants

to ensure mutual understanding(Buschmeier & Kopp, 2011)Thus, it

may be posdble to provide the benefits of collaborative driving and

navigatingE1 OEA AAOAT AA T &£ A BPAOGOAT cAoh AT,
engagement during the navigation task to improve performance and

ultimately promote system independence, without increasing

work load.

Evidently, such capabilities are not yet available in commercially
available, speech technologies, which are often restricted tosingle
vocal exchange, initiated by the human interlocutor, in which aequest
is made and an isolated responsis delivered. Neverthelessit is
possible to envisage a future scenariim which cars are embodied by
highly-capable digital assistants, communicating through the use of
conversational language, as highlighted by schola(sarge, Clark,
Quandt, Burnett, & Skrupchuk, 2017)
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2.7 SUMMARY OEITERATURE REVIEW

In general terms, the literature review illustratesthat the way current
navigation technologies relay information to the driver (i.e. distance to
turn information) is not consistent with how humans naturally convey
spatial information to one another (i.e. landmarks at navigational
choice points). Previous work has argued for the inclusion of landmark
information within route guidance information to remedy this
discrepancy and environmental disengagement concerns. The review
also highlights the large number of human factors issues which exist
concerning the design oturrent HMI for route guidance systems and
looks to recent researcho inform design of future navigation systems.
The examined literaturesuggests that future navigation systemsould
move away from current passiveguidancewhich communicate
distance-to-turn information in a oneway information exchange, to
interactive natural language systems, modelled onfamiliar driver -
passenger relationship such systems could issueavigational
guidance in aloquacious, two-way verbal exchange. fie following
summary points, relevant to each of the main headirgare presented

below: -

2.7.1 Cognitive maps, navigation and the w ider environment

Cognitive maps can be defined as theansformation of environmental
knowledge into a holistic, internal mental map Such internal maps
mean that individuals are able to execute various navigation tasks
with relatively little cognitive de mand. Previous work has examined
how individuals generate these internal magike structures, and the
stages of environmental learning which individuals progress through
upon exposure to a new environmentAlthough there is debate within
the literature surrounding the order in which individuals acquire
survey knowledge(seeKitchin & Blades, 200Zor a review), it is
generally agreed that individuals move through three, independent

stages when developing a cognitive map:

1. Landmark knowledge- individuals remember prominent or

conspicuous objects or distinctive road views within the environment.
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Route knowledgez individuals begin to link landmarks which appear
along a route, remembering the order in which they appear, the
distances between them and the aiins which are performed at their
location.

Survey knowledgez the memory which is created when landmark and
route knowledge are integrated to form a comprehensive, majike

spatial representation of an environment.

A breath of work has subsequently demortgated the importance of
landmarks to human navigation, how individuals frequently utilise

them to orient themselves, incorporating them into route directions.
Indeed, researchers have suggested that one of the key components of
OCi 1 Ad Of1 O Othe inklisiorhohlénBnhaik<at riavdyational
choice points. A feature which is not currently mirrored in electronic
navigation systems which insteaccommonly utilise distance-to-turn

information within wayfinding instructions.

Whilst the literature has argued for the inclusion of landmark

information into route guidance instructions. There has been little
human factors work considering alternative channels, outside of
traditional navigation system design, which could effectively
communicate landmark information to drivers. Rather, previous

research has considered the incorporation of landmarks descriptors as
AT OAAA 118 OI AOOOAT O OEOOA] 10O

issued to the driver in a passiveone-way information exchange.

Driving navigation, distraction and workload

The use ofcurrent electronic navigation devices has been associated
with driver disengagementrom the environment. Previous work has
suggested thathavigating with a SatNav that utilises simple turrby-

turn instructions supports only a reduced, fragmented understanding

OAOAA

i£ A 1T AT ACGAAPAh AT A OEAOA A OA Ei PAAAO

formation. As such, drivers who rely on electronic navigation devices
are typically only able to demonstrate a poor reconstruction and

memory of the environment through which they have travelled
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Consequently, drivers maypecome reliant on the technology even

during regular journeys or routinely navigable environments.

The literature has suggestedhat the level of engagement with the

environment during route-following is associated with the extent to

xEEAE OEA TAOECAOEIT OAOE EO OAAOQOEOAS
involves the driver in route planningand utilises environmental

elements within more extensive route instructions, with the aim of

ensuring that the driver maintains a sense of orientation throughout

the journey. In such approachedrivers must interpret this

information to identify and select a specific turn, often where there are

a number of options available. Conversely, within passive navigation

systems, drivers are presented with simpler instructions, typically

incorporating anegoA AT OOAA AEOAAQGEI 1T jAscs Ol A&C
together with proximity information regarding the adjacency to a
DAOOEAOI AO AAOGEIT jAscs O1 Agd 00601 8h O

presented over shorter time periods (typically one or twomanoeuvres

ahead), and therefore require fewer mental resources to process.

Whilst more active forms of navigation can assist environmental
engagement and spatialearning the literature has suggested that
more active forms of navigation arealsoassociaed with higher
workload. However, it is important to note that thiswork has largely
been conducted within a driving simulator environment and centred
around the use of traditional paper maps as an example ah active
navigational method. Little work hasexplored the workload
implications of passive and active navigational methagwithin the
context ofan on-road driving environment, comparing current passive
navigation technologies with increasingly active navigational mode|s

which vary in their level of interactivity.

Furthermore, whilst previous work clearly demonstrates user
preference for acombination of visual and auditory information

within navigation system design, reasoning that the presence of a
visual interface is preferred as it allows the ger is able to refer back to
the visual interface toconfirm that they are travelling along the right

path. There has been no work which has explored utilising interactive
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natural languageinterfaces which caninstead offertimely verbal

confirmations to the driver when route guidance is questioned.

2.7.3 Social navigation and Voice based interfaces
The limitations of current navigation systems mean thaea number of
researchers have looked to the collaborative navigation relationship
between the driver and the @ssenger to inform future design.
Analysis of the dynamic interactions between driver and passenger
has led to recommendations for the development of systems which are
able to issue a varied range of information to the driver, whilst

considering the drivers context and specific havigation scenario.

Whilst research has detailed the benefits of the kear passenger
issuing situated, contextually sensitive navigation information. Little
work has explored how to provide the benefits of driverpassenger

collaborative navigation in the absence of a passenger.

The recent proliferaton AT A BT BDOI1 A OE O/icelbagedOET OAT 1 EC/
technologiesmean thatit may soonbe possible toprovide the benefits

of collaborative driving andnavigating in the absence of gassenger,

AT A OEAOAAU AAI EOAO OAAOCEOAS AT CACAI Al
improve performance andultimately promote system independence,

without increasing workload. Researchers have begun to examine the

workload implications of interacting with voice-based technologies

whilst driving , exploring how such systems could be used within the

driving environment as a combatant to fatigue and an influencer of

trust and system acceptance. Additionally, researchers are exploring

how variations in the linguistic properties of voice-based interactions

can influence driver performance and behaviour.

Whilst the findings of previousresearchrepresent important initial
data regardingthe value ofspeechbasedassistance within the driving
domain, this work has &argely been conducted within a simulated
driving environment which offers limited information as to how
drivers would naturally interact with speech-based technologies in a
demanding driving scenario conducted in an unfamiliar, dynamion-

road environment.
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3.1BNVIRONMENTSMULATOR/S ROAD

Laboratory studies are characterised by taking place in a controlled
environment created for the purpose of conducting research.
However, such workis frequently not conducted in dedicated
laboratories, but rather in a variety of controlled environments such as
an office space, or as is the case with a large portion of driving
research, a simulatorLaboratory based experimentsallow for the
manipulation of variables, in a structured, methodichfashion resulting
in consistent, replicable datainternal validity) . However, whilst
laboratory studies allow for increased experimental control,
disadvantages include a limited relation to the real worldecological
validity) and with unknown levels ofgeneralisability outside of the
laboratory setting (external validity) . Schneiderman and Plaisant
(2004) also proposed thatlaboratory-basedmethods are reductionist
and therefore do not permit a full understanding of he results. In the
study of navigational methods and how people interact and engage
with their surroundings, this is a particularly important point; the
navigational task is a fundamentally situated task bound by context
and should therefore be studied wihin this natural setting so that
results are as ecologically valid and generalisable as possil§[@arken
& Peterson, 2002)

Field studies sit on the opposite end of the experimental spectrum to
laboratory studies and are chard OAOEOAA AU OAEET ¢ bl AAA
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xI Ol A6 AO 1 bbHPiT OA O OEA AT T 060111 AAR TA
comprise a broad rangeof qualitative and quantitative approaches
from ethnographic explorationsof experiences in their social and
cultural context, derived from the field of social and cultural
anthropology to field experiments in which a number of independent
variables are manipulated. The ethnographic perspective highlights
the role of the researcher as a participant, meaning that researchers
often spend significant portions of time in the field, immersing
themselves in the environment and the research problem, so that they
are able to gain a true understanding of complex human practices
(Lazar, Feng, & Hochheiser, 2010Ethnography therefore offers the
opportunity for researchers to perform in-depth explorations to

garner an understanding of the interactions and behaviour in the wild.
However, whilst this method generates a wealth of rich, grounded
data, the approachs non-experimental (Kjeldskov & Graham, 2003)
and therefore not appropriate for the scientific examination and

manipulation of variables.

In contrast to the ethnographic approach, field experiments are

characterised by the manipulation of a number of independent

variables in orderto examine the impact on dependet variables in a

natural setting. The predominant advantages of field experimda are

increased realism enhanced face validityand ecological validity as

well as a heightened level of control compared to ethnographic

methods. Kjeldskov and Grahan2003) state that the employment of

field studies ODBDDHT 00O OEA AT AT UOGEO 1T £ OAIT i Pl A@
AT A POI AAOGOGAGes8 (1 xAOAoOh OEA AOOET OO O
without its disadvantages which include reduced control over

investigations and more complex data collection, meaning that the

reseacher must strike a balance between experimental manipulation

and the realism of the work. However, a number of researchers have

adopted this approach, each with varying levels of experimental

control to examine how individuals navigate in the real world

(Antrobus, Burnett, & Krehl, 2016; Forlizzi, Barley, & Seder, 2010;

Webber, 2013)
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Leshed et al2008, April) conducted an ethnographically informed
study in which researchers travelled with participants on preplanned
journeys and conducted observations on how drivers interact with
electronic navigation devices and subsequently how this interaction
ET £ OAT ARO OEA AOEOAOB8O AT CACAI AT O xEO
Jensen et a{2010) also utilised a field study approach whee
participants navigated pre-defined routes following the wayfinding
assistance of navigational interfaces which issued prompts via
different modalities (audio, visual, audio/visual) to examine how
interface output influences driver attention. Forlizzi etal (2010)
adopted a similar approach requiring participants to navigate
predefined routes following the navigational guidance of an individual
with whom they had apre-existing social relationship. Here, drivers
were paired according to the relationship they held with the navigator
(spouse, parent/child, coworkers) with the researchers examining
whether the degree of familiarity and the frequency with which they
perform a navigation task influences the navigational dialgue

between driver and passenger.

Similarly, within this thesis, drivers will navigate predefined routes

using different navigational methods. Here, the term field study will be

used to describe an experimental study conducted in a realorld

setting. Thecontrolled manipulation of variables in a situated, real

world setting makes the use of field studies an ideal platform to

examine how different methods of navigation can influence both an

ET AEOEAOAI 80 xi1 OEITAA AT A EIl x Al ETAEO

with their environment.

3.2DRIVER ENGAGEMENT

The navigation archetype can be regarded as a particular type of field

study where experimental variables are manipulated and controlled to

Aopi 1 OA AT A CAT AOAOA O1 AROOOAT AET ¢ 1T &
processes and behavioursin this context, the manipulation of

experimental variables can influence environmental learning. These
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manipulations have been implemented in numerous ways by
researchers For example, the use of an electronic navigational aid
comparedto traditional methods or direct experience(lshikawa,
Fujiwara, Imai, & Okabe, 2008Burnett & Lee, 2005) or comparing
navigational aids which utilised different sensory modalities to convey
navigational information (Yung-Ching, 2@1). Due to the higher levels
of experimental control and replicability afforded by labbased
methods a number of studies have utilised desktop and immersive
simulator environments to compare navigation aids and processes
(Burnett & Lee, 2005) However, a wealth of researatrs are optingto
conduct these experiments in the field, producing ecologically valid
research by combining experimental control and situated behaviour to
study navigation and subsequent environmentalearning (Minzer,
Zimmer, Schwalm, Baus, & Aslan, 2008ntrobus, Burnett, & Krehl,
2016).

The methodologies employed to examine how wayfinding method
impacts upon environmental learning vary considerably across the
literature. In some studies researchers predefine a destination and
require participants to formulate a route to reach this designted point
(Ishikawa, Fujiwara, Imai, & Okabe, 2008)in other works, researchers
predefine entire routes for participants to follow (Munzer et al, 2006).
Dependent on the aims and scope of the research, studies have utilised
both single (May, Ross, & Osman, 2008nd multiple route (Ishikawa

et al, 2008) paradigms to examine environmental learning. The route
and location in which researchers select to conduct their research is
dependent on a numbe of factors including the aims of the research,
as well as logistical and technical restraints. For example, how well the
route reflects different types of environments and driving, the

proximity of the testing site to the research institute and the feasility

of transporting participants. Finally, how many routes are required to
examine the depth of environmental learning that has occurred and
the availability of mapping or GPS. The availability of mapping or GPS

coverage may not be a limitation when usig dedicated portable

T AOECAOET T AAOEAAO &I O AgAi Pl A O3AO0.

satellite technology which is unaffected by local infrastructure.
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However, should a study which utilises mobile mapping technology
(e.g. smartphone navigation applicatins) to navigate, GPS coverage
could determine the modality and fidelity of navigation information

issued by the device.

As discussed in the previous section (section 3.1) a number of field
studies have explored how individuals navigate, utilising a numbeof
approaches. Drivers have been evaluated interacting with current
(Leshed, Velden, Rieger, Kot, & Sengers, 2008, Apaitid modified
navigation systems(Jensen, Skov, & Thiruravichandran, 201@s well
as examining how drives naturally interact with their co -passengers
when navigating to pre-defined destinations(Forlizzi, Barley, & Seder,
2010). All of these approaches can provide us with an indication of
how individuals interact with their navi gation devices, why they may
prefer to receive wayfinding information in a particular format, and
what strategies individuals may employ according to the navigational
method which they utilise. In this way, a field study can offer a
platform for researchers to gather data from a situated, naturalistic
setting whilst controlling key experimental variables such as the route
taken and the navigational method which participants utilise. Meaning
that specific research questions can to be answered without

employing a reductionist, labbased approach.

In experiments which study navigation and assess environmental
learning it is important that the researcher exercises a degree of
control in participant selection to ensure that participants have similar
levels of envronmental familiarity upon commencing the research.
Individuals should preferably be selected for participation on the basis
that they have noprevious knowledge of the environment, they should
then be exposed to the same environmental information and tkeel the
same routes during the experimental periodlshikawa & Montello,
2006; Ishikawa et al,2008). The methodologies which previous
research has utilised to examine spatial knowledge can be
characterised according to how participants are briefed about
environmental learning tests. In a number of works participants have

been instructed prior to their commencement of the study that they
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are required to remember the spatial layout of an environment for a

battery of post-trial tests (Willis, Hoelscher, & Wilbertz, 2007)

(T xAOAOh T OEAO x1 OE EAO 1 POAA OI OOOAU
learning, meaning posttrial tests are administered to unsuspecting

participants (Oomes, Bojic, & Bazen, 200@ntrobus, Burnett , & Krehl,

2017). When assessing spatial knowledge acquisition, the tests

implemented by researchers vary according to the type of

environmental knowledge being assessed and the aims of the research.

3.3MEASURES

3.3.1 Assessing environmental engagement
If environmental engagement lead$o enhanced environmental
learning, tests of individual spatial knowledge acquisition can provide
an indication as to how activelyengaged participants were with their
test environment. To evaluate spatial knowledge acquisition, tests of
environmental leaOT ET ¢ AOA AAI ET EOOAOAA ObPI1T OE.
completion of the designated route(s). The tests which participants
will complete are dependent on both the research questions being

asked and the component of environmental knowledge being studied.

The experimental design and route configurations employed within
the methodology of this thesis allowed for all three components of
environmental knowledge (landmark, route and survey knowledge) to
be assessed during a battery of podtial tests. Participants in eat
experimental condition travelled three routes, twice, one week apart.
With each of these routes intersecting another at threseparate

points.

The decision to incorporate a second drive into the experimental

design was taken to increase each participagtO AT OEOT 11 AT OAI
exposure time, this was done to promote engagement and encourage

the encoding of their spatial environment. Time spent omoute is

especially important to encourage the development of comprehensive

survey knowledge.
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Whilst there is debatesurrounding the developmental stages of
environmental knowledge (Kitchin & Blades, 2002) previous

literature has suggested that landmark and route knowledge are
usually formed prior to the development of the more complete surey
knowledge (Siegel & White, 1975; Golledge, Smith, Pellegrino, Doherty,
& Marshall, 1985) By allowing participants this increased orfroute
time, it was the hope that this highetlevel processing could occur,
allowing participants to represent spatial imagery from a
configurational perspective. The following section will present
methodologies used within the literature to assess landmark, route
and survey knowledge. Each will be discussed in turn before providing

a justification for the approach utilisedwithin this thesis.

3.3.1.1 Environmental knowledge tests

The following measures were used to assess thendmark, route and

survey knowledge acquired by drivers during the experimental drives

Landmark knowledge assessed via Iconic recognition tasks
Routeknowledge assessed via Sequential ordering tasks

Survey knowledge assessed via Cued sketch map

Each of these methods will now be presented and discussed in turn

Iconic recognition tasks are one method used to assess the acquisition
of landmark knowledge.Here, target images are presented to
participants alongside distractor images. The participant must
correctly identify which images are from scenes along their route
(target images) and which images are nomoute scenes from other
environments (distractor images). This approach has been
implemented across a number of studies examining the acquisition of
landmark knowledge in both virtual and reatworld environments. The
employment of this approach is recognised for its simplicity the
issuance of flashcard to participants is simple and speedy to both
administer and score (producing a final mark of percent correct)

(Kitchen and Bades, 2002). Despite time saving advantages, previous
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works have raised concerns around the employment of iconic
recognition tasks in real world environments (Webber, 2013). Here
OEA AOOET O AOOAOOAA OEAO OOEA OAATI11 AA
be comprised of views from a variety of angles, with differing light and
weather conditions and various octusions to a scee that cannot be

AT 1T 00T lebbédrfpb9). This means that we cannot be certain as to
whether the images which we present to the participantsire an
accurate representation of their view of thescene Presenting
participants with a view of the road scene whichs different to the one
which they hold from their own travel experience, could result in an
imagenot being recognised, subsequently influencing the obtained
results. Despitethis criticism, the time saving and simplistic qualities

of this approach, when issued as a battery of tests, make it a desirable
assessment tool in environmental learning. It is therefore employed
throughout this thesis, with particular precautions; such as selecting
imagery from the driver cab perspective and the use of images

sensitive to seasonal change.

To assess levels of individual route knowledgesequential ordering

tasks are implemented. Here, participants are presented with a

number of scene images, taken from argjle route. Participants must

then order these images in the sequence they believe they

AT AT O1 OAOAA OEAi 8 4EAOAZEI OAnh OADPI EAAQE
memory of the route. Employment of this approacltomplementsthe

use of iconic recognition tasks, in thia both have similar, speedy

approaches which allow tests to be administered and analysed quickly.

However, they can be subject to theame perspective difficulties, m

that the realworld environment in which participants experienced the

road scene is dyamic and changeable, meaning the image which they

are presented with, may not fully represent how they experienced the

environment. Other work has instead looked to directional knowledge

to provide an indication of individual levels of route learning. Herg

upon completion of a navigation task participants are shown images of

each decision point on route and asked to indicate the subsequent

direction of travel at the junction displayed in the image. This

APDDPOT AAE A@bi |l OAO AT EIT AEOEéidndl 60 AEOA
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rather than their sequential memory of a route (examined in
sequential ordering tasks). Whilst the employment of this
methodology allowed Aslaret al (2006) and Krugeret al (2004) to
draw direct comparisons within their own research, utilising this
approach can make the generalisability to other works difficult.
Therefore, it is important to use a consistent approach within a body
of work so that we can be sure that anglifferences in spatial
knowledge acquisition are due to the manipulation of experimental

variables rather than a variation in testing method.

47 AOAI OAOA OEA AANOEOEOEIT 1T & Al ETAE
number of previous works have asked participats to produce a cued

sketch map (Appleyard, 1970; Burnett & Lee, 200RRovine &

Weisman, 1989. Here, participants are instructed to draw a map of

the environment which they have just navigated through, paying

particular attention to a number of key asped, such as the inclusion

of landmarks, pathways, road names and junction types. ldg of this

method can provide a rich source of information about how

individuals perceive their environment, indicating the degree to which

individuals have abstracted infomation from route sequences and

assimilatedthe knowledge garnered from these different experiences

into a single, integrated modelKitchin & Blades, 2002) Although this

method offers a holistic insight into the structure andcompleteness of

Al ET AEOEAOAI 60 Aici EOEOA 1 Aph AlIl1T xET
world and across experimental variables, there remains a number of

drawbacks to its implementation. Administering sketch maps can

often be a lengthy process, as sketch pgroduction lies solely on the
DAOOEAEDAT 0860 i AiT ouh OEA OAAAITT 1T £ EI
This means there can be large fluctuations in the time taken to

complete the sketch map, which can be troublesome in a field

environment with changeableweather conditions. Analysis can also be

lengthy and open to subjective bias where one researcher is

responsible for coding all sketches. However, by taking a number of

precautions during testing and analysis we can ensure that each of

these disadvantageA | AOT 6 O | EOE Cvalehbf OEA DT OAT OEA
administering such tests. For example, providing a standard, detailed
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description to participants about what information to include within
their sketch maps, can provide direction and points of focus which can
aid recall, reducing task completion times. Furthermore, by conducting
all route learning tests in the passenger seat of the instrumented test
vehicle ensures participants are protected from adverse weather and
have an adequate, comfortable space to complete tesAdditionally,

by utilising the well-established methods of Appleyard (1970) and
Lynch (1960) by which to structure sketch map analysis and
performing a reliability analysis on a number of sketch maps, it can be
ensured that the analysis of participant sketch maps follows a

structured protocol, with stringent protections from subjective bias.

The complexity of participant sketch maps within this thesis will be

Al ACOEEZEAA AAAT OAET C OI ! enemeAUAOABO j p
which examinesthe predominant elements within the sketch, and

their level of accuracy Sketch maps are defined as being either

participants havechosen to represent their main sectios. Sequentially

dominant maps usea road network astheir main framework, building

other elements around this structure. Alternatively, spatially dominant

maps use individual buildings, landmarks or districts to create clusters

xEEAE CEOA OEA 1T AP EOB6O AOOAT CAl AT 68 1/
categorised as eitheisequential or spatially dominant they can besub-
categorisedaccording the detailthey contain. Below is a summary of

the different map types defined by Appleyard1970) ranging from

simple, primitive maps, to complex,ntegrated illustrations.
Sequential Maps

Fragmert: The mostrudimentary type of sequential map this contains
portions of paths or lists of components disparate from one another
which may appearout of sequence.

Chain Maps Equally simple but more schemaic map illustrations,
pathways are more connected butare oversimplified so that left and
right residential turns and road curvature may be represented as a

squiggly or straight lane.
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Branch and Loop A more developed map than fragment and chain
maps, these mapsare more laterally developed and includeloops and
braches as outcrops from the main network. These loops may have
illustrated drastically oversimplified portions of a meandering section
of a route.

Network: The most complete form of sequential rap, these illustrate
more complete road systems whictare rich in detail and demonstrate

a true representation of the routes travelled.

Spatial Maps

Scatter and Clustermost primitive form of spatial maps, these
illustrate components such as individual bildings or landmarks which
may be grouped together at willand sometimes drawn without any
associations.

Mosaic separates off perceived districts or routes with drawn
boundaries, whilst these maps could be less specific or accurate than
scatter maps in andmark or junction type placement, they, instead
have the advantage of plotting out major zones or distinct, separate
portions of routes.

Link: Places or areasre coupled with graphic linkages, which nay
represent portions of the road network. However, spatial units remain
dominant in these maps.

Pattern: Theseare the most comprehensgve and exact spatial maps

with outlined areas, and main road features as dominameiements.

Independent navigation tasks offer an alternative method to assess
individual environmental learning. Rather than assess each of the
individual components of spatial knowledge, independent navigation
tasks measure the integration of environmental knowledgéy
studying navigation in situ. Participants who have previously
navigated routes with the assistance of a wayfinding aid are required
to navigate these same routes, or sections of these routes
independently (Baldwin & Reagan, 2009to determine the level of

environmental knowledge acquired during experimental exposure.
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Variations of this method have also required pedestrian participants to
navigate back to their route start point, or back to a defined earlier
section of the raute (Gertner and Hiller,2009; Oomes et al, 2009
Alternatively , researchers have also tasked participants with
navigating new routes in previously learned route networks (Adler,
2001). From this, researchers can gather a number of performance
measures todetermine acquired environmental knowledge including
number of navigational errors, time taken for route completion and

the frequency of repeated landmarks or waypoints. Whilst these
assessment measures do not directljneasureindividual route
knowledge components previous authors have used the measures of
this integrated approach to provide an indication of underlying
landmark knowledge. Oomes et al (2009) was able to assess landmark
knowledge within an independent navigation paradigm byallying the
frequency which participants travelled by landmarks or waypoints
which had appeared on the original route. Here, participants are able
to demonstrate landmark knowledge as an integrated part of their
route strategy. Whilst not explicitly testing for landmarkknowledge,

this can be deduced from the number of matching landmarks

ET AT OPT OAOAA ETOI AT ETAEOEAOAI GO0 OI

reflected in a higher score, indicating high route selection accuracy.

Whilst use of independent navigation tasks rééct what is arguably a

more holistic, ecologically valid measure of environmental learning,

use of this approach is not always feasible due to time and

experimental constraints, or as in the case of erbad navigation,

where use of this method may raiseafety concerns- where the
AOEOAOOS 1 AET AT 1T AAOT OEI OI A AA OEA
rather than navigating within a potentially unfamiliar, dynamic

environment.

Due to the ease of implementation within a field environment, iconic
recognition tasks, sequential ordering tasks and sketch map analysis
will be used as a means of respectively assessing landmark, route and
survey knowledge throughout this thesis. Whilst, the employment of
an independent navigation task could provide an ecologically valid

method to assess environmental knowledge and promote
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navigation strategy, it was decided for ethical reasons that this

approachwould not be employed on busy, public roads where

navigation hesitation may bring safety concerns and where safe

control of the vehicle should remain the primary concern.

Eye Tracking

Use of Eyetracking methodologies promote a unique understanding of

AT ET AEOEAOAI 6 @ndCas tetudet to Ardvidela® ET OO O
understanding of underlying attitudes and behaviours In the context

of driving navigation such rich data can provide additional depth and
contextual insight to visual search patterns and environmental points

of interest. Buswell(1935), in one early definition, described eye

i 1T OAI AT OO AO OO1T AT 1 OAET 6O AAEOOOI AT 6O

AOOET ¢ OE OO0 Apg. 9f herdiddet: vieicah Ae@sdn that by
analysing these unconscious movements we are able to gain a number
of insights. Firstly, we can explore what the observer may have found
interesting, or the differences in individual search strategies. Similarly,
we can study the variations in how participants attend to the
experimental task, or how they engage with their wder environment

and interact with any navigational devices during the study period. By
examining each of these facets we may begin to postulate the

predominant search strategies and interaction patterns of individuals.

Various, diverse fields have previously utilised eyé¢racking in the
study of human attention. For example, ey&racking technologies have
been implemented within sports to analyse complex visual behaviours
determining how a batsman hits a bal{Land & McLeod, 2000)
Conversely, these technologies have also been used to identify the
visual points of focus during everyday activities such as making a cup
of tea or a sandwich(Land, 1999;Land & Hayhoe, 2001) Despite the
use of eyetracking methodologies being routinely utilised in a number
of far reaching domains, there remains limited research which
demonstrates the use of eydracking within the context of on-road
navigation. However, a plethora of relatedvorks can instead be drawn
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upon to inform understanding on the merits of its implementation
within this field.

A number of works have used ey#¢racking methodologies within the

field of cartographic and interactive maps to study how differences in

expertise and map design can influence individual search strategies

and the extraction of information, subsequently demonstrating the

value of such an approach within the wayfinding domaifOpach &

Nossum, 2011, July)In addition to this, a number of driving studies

have employed both fixedbased and mobile eye tracking set ups

within simulator and real-world environments to study the visual and

cognitive demand of varying driving configurations and ircar systems

(Kun, Paek, Medenica®@ - AT AOT OEch c¢nnwn * AT OAT h 37
Thiruravichandran, 2010). The development of newer technologies

such as the mobile eydracking systems have therefore made it

bT OOEAT A OI OOOAU Al ET AEOEAOKI 60 AUA
These systems, unlikeheir fixed-based counterparts, overlay eye

movement data on to a video feed of the participants forward facing

view, revealing the continual shifts of visual attention throughout the

course of a tasKWebber, 2013). Use of thee portable eyetracking

systems is something which sports, driving and pedestrian navigation

studies have exploited in recent year¢Land & McLeod, 2000Land &

Tatler, 2001; Webber, 2013)

Similar to the planned orroad navigation study, previous pedestian
navigation studies have used eyracking to explore the underlying
cognitive processes involved in outdoor navigation tasks, such as
landmark identification and orientation strategies (Webber, 2013).
Providing researcherswith a plethora of data for analysis which can
be interpreted in a number of unique ways, not previously permitted
by other methods. Alternative approaches to eye tracking
methodologies include the use of observation (video/direct), which is
often utilised as a practical alternative to eyeracking methods due to
the basicexperimental setup and the simple, timely data analysis
afforded by use of this approactfHolmqvist, et al., 2011) However,

although observation can highlignt many of the key behaviours of
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participants, there are practical issues around detecting subtle
behaviours, which mean that use of this method alone may result in
crucial acumens being overlooked. Renshaw and Wel@007)
emphasise this point, indicating that use of observation in isolation
fails to capture the comprehensive level of information which eye
tracking can provide, such as pinpointing exactly where participants
are looking, the number of fixations, their duréion and distribution. In
the context of onroad navigation, use of mobile eydracking permits
the study of the distributions of gaze allocation duringvayfinding and
at navigational decision points. This use of mobile eygacking
therefore has the potertial to add depth to our understanding of how
individuals navigate, whilst driving and how this mayvary when using

different methods of navigation.

Whilst the use of eyetracking offers additional depth and insight to

data interpretation, it also poses aaumber of challenges for analysis

and extraction of meaningful data. In a navigation context, vision has a
dual purpose. Firstly, tocollectinformation pertinent to the task and
secondly tosteer our movement through the environment. This binary
role of vision emphasisesthe potential difficulties presented in
subsequent analysis. Task relevant navigational data mush be
distinguished from normal driving safety data in order to establish any
differences in the contrasting navigational tools used by particiants.

For example, distinguishing those gaze allocations made after the issue
of a navigational prompt, which are key for identifying the correct
junction to take on-route, from other gaze allocations made scanning
the wider environment for hazards or oncaning traffic. Only one of
these examples is key to navigational performance and it is important
to distinguish relevant navigational data from otherinformation,

which, although key for road safetyfails to offer any additional value
interms of anindiviA OAT 6 0 T AOECAOQET T AAAEOEI T 1 AE

The employment of an eydracking methodology in the reatworld
comes with a number of practical challenges which need to be
carefully considered to ensure that the resulting data is reliable. A

number of these challengs occur in both stationary labbased
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environments and dynamic realworld environments. These factors
include individual differences in pupil size and eyelash length, whether
the subject is wearing dark eye makeaip, or wearing glasses or contact
lenses, dlof which can make tracking the subjects gaze more
cumbersome(Holmqvist et al., 2011) In a reatworld environment
however, accurate calibration can present a concern. Although not
moving as freely as pedestrians, drivers can often move their heads
and upper torsos frequently when performing visual checks, which

i AU AEsEAAO OEA AAAOOAAU 1T &£ OEA OOAEAAOD
of similar works (Kuparinen & Irvankoski, 2010) suggest multiple
recalibrations to counteract these issues, this is not always feasible in
a real world, onroad environment where negotiating traffic and safe
control of the vehicle should always remain the primary concern. In
addition, it was key that participants had the most natural navigation
experience possible during these road trials, which therefore meant
minimal experimenter intervention. To ensure a data set which was as
accurate as possible careful piloting was carried out and additional cab
facing recordings of participants were made so thatbservational
analyses could be carried outo overcome any potential limitations or

omissions in eyetracking data.

The employment of mobile eye tracking within this thesis will be used

to generate quantitative data, from which we can infer driver

behaviour. This approach isimilar to previous works conducted

within the driving field j + T h 0 AAEh - AAAT EAAh O - Al A
Jensen, Skov, & Thiruravichandran, 20180Yang, Reimer, Dobres, &

Mehler, 2014).That is, eye tracking datayenerated from eachon-road

trial will be usedto explore how navigational methodcanimpact a

A O E Giisualtbénaviours on varying junction approaches

A number of junctions which appear on route will be selected for
further analysis on the basis of their difficultyand the presence of
00T A A OE A AAIl & fixatidn® ki be coded from the
geographical point of the first navigational prompt issued by the

Satnav device (or equivalent point in norSatnav conditions).From

this, gaze allocatiorand predominantareas of interestcan be
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interpreted according to the navigational condition assigned to the
participant and therefore the information issued to them. However, it
is important to utilise a multi-faceted approach before determining

underlying processes. Whist gaze can infer attention, it cannot offer

Al Agbl AT ACGEIT O1 A OOAEAAOS8O O1 AAOI UE
and Raubal(2012, April) explain, O T A E tréckink daa should
thus be taken as an indicator for AOAADOET T h 11 OppAOAADPOEI

316). Considering this, eye tracking data will be used in combination

with other methods such as the Tactile Detection Task (TDT) artde

National Aeronautics and Space AdministratioiTask Load Index
(NASATLX)datati ET £ZAO A OO @iEcAssedinthe next OET T AA

section).

3.3.3 Workload
Driving is a complex and safety critical task that requires both the
communication between cognitive, perceptual and psychomotor skills
and the ability to respond to often rapidly unfolding, dynamic
environments (Groger, 2000) Thisinvolves the ability of the driver to
attend to stimuli and select actions appropriate to the current driving
environment and task goals whilstdisregarding other information, this
process is more widely referred to as selective attention. Attention can
be driven both endogenously (topdown), in an anticipation of
expected events, or exogenously (bottorup), by unexpected factors,

external to the driver suchas salient stimuli or events(Posner, 1980)

Selective attention can be related to both the driving task and other
secondary invehicle tasks which are performed whilst driving. For
example, driving in a fastpaced, dense, trdfc environment or poor
weather conditions may mean drivers selectively attend to particular
environmental features at the expense of other potentially safety
relevant stimuli (Diels, 2011). Additionally, secondary tasks
performed whilst driving such as talking over the phone or interacting
with in-vehicle systems may result in increased demands on working
memory, resulting in the subsequent withdrawal of attention from the
roadway, potentially impairing the identification of safety critical

events.
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Throughout this thesis, the TDT will be used as a means of objectively
evaluating how selective attention is influenced by perceptual and/or
working memory demands(Engstrom, 2010). The TDT is an ISO
standardised tactile equivalent of thePeripheral Detection Task (PDT)
(Martens & Van Winsum, 2000Wwhere subjects are required to

respond to intermittent haptic stimuli, issued at random time

intervals. Here, drivers fit a small vibro-tactile motorj T O OOAAOT 08
above their collar bone, under instruction from the experimenter.
Periodically (and seemingly random), with uniformly distributed time
periods in-between, thetactor vibrates with a brief low intensity

pulse. The task of theparticipants is to press a button on their index
finger against the steering wheel when they notice the pulse, in order
to switch it off. Performance is based on the hit rate of subjects, that is,
the number of stimuli which subjects actively respond to ad their
reaction time, defined as the time from the presentation of the

stimulus until the subject triggers an acknowledging response. Both of
these measures represent the degree to which selective attention is
affected by the primary task (driving) and he secondary task

(navigating) demand underevaluation (Diels, 2011).

yl AT 1 OOAOOh OEA 0$4 i AAOOOAO A OOAEAA
single LED fixed to the head at setangle relative to the eye or (ii) a

series of LEDS frequently placed on the lefside dash, within the

AOEOAOS8O 1T ETA 1T &£ OECEOh ET AEOEAO Al E
simulator. In each of these instances the driver is required to respond

to an LED lighting up by pressing a button within the steeringolumn

(Martens & Van Winsum, 2000) Whilst the PDT has demonstrated

sensitivity to visually and cognitively demanding secondary tasks in

addition to driving task demand, there are a number of limitations for

its use within the driving field. As highlighted by Engstrom (2010) the

prominence of the stimuli can be affected by varying light conditions,

which is a particular concern during field testing where changeable

weather conditions are likely. Secondly, use of the PDT may influence

visual scanning behaviours, potentially impacting the subsequent

study of participant eyemovement data.
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To circumvent such limitaions, stimuli will be presented to
participants using an alternative sensory channel,e.the employment
of the haptic-based TDT. This will reduce the visual load placed upon
the driver, during what is already a predominantly visual, safety
critical task. A number of previous driving studies have also opted to
use this methodology to avoid impacting the driving task and other
visual based experimental method¢Large, Burnett, Anyasodo, &
Skrypchuk, 2016, October)

In addition to recording an objective measure of participant workload
participants will also be asked to provide an indication of their
subjective experience of workload during the experimentThere are a
number of well established, robust subjective workload measures
available including the NASATLX, the Subjective Workload
Assessment Technique (SWAT) and the Workload Profi{&/P). By
selectively employing each of these methodologies according to
experimental requirements researchers can benefit from the various
strengths associated with each test. For example, if the goal is the
comparison of mental workload between two or more tasks with
varying objective levels of difficulty, researchers should select the
workload profile. However, if the aim is to predict the perfomance of
an individual in a task then the NASATLX would be more appropriate.
Alternatively, if the purpose is the assessment of the cognitive or
attentional demands of a task, the WP or SWAT both provide a well
suited structure (seeRubio, Diaz, Martin& Puente, 2004for complete
review of subjective workload scales). Whilst each methodology brings
its own advantages and imitations, the NASALX will be used
throughout this thesis to providethe drivers own subjective
assessment of workload. As a longtanding methodology utilised
within automotive research the NASATLX is a wellestablished, non
intrusive, robust method, which is quick and simple to implement, able
to garner sensitive results which can be reliably related back to

performance.

Subjective measures are an increasingly important tool in system

evaluations and are now widely used to assess individualorkload
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across a number of wideranging fields including air traffic control,
civilian and military cockpit design, within the field of mediche and
the automotive industry (Hart, 2006). This frequent utilisation of such
subjective procedures may be attributed to their practical advantages
(ease of implementation, norintrusiveness) and their capability to
provide sensitive measures of operator loadRubio, Diaz, Martin, &
Puente, 2004) Since its inception in 1978, thé&lational Aeronautics
and Space AdministratiorTask Load Index (NASA LX) has become
one of the most widely utilised techiques for assessing subjective
workload. As a method, it has been extensively tested and frequently
implemented in anumber of human performance studies. As a result,
it is generally considered to be a robust measure of subjective
workload (Hart, 2006).

The NASATLX is a multidimensional assessment tool which provides

an overall workload score based on average ratings of six sisisales:

Mental demand, physical demand, temporal demand, own

performance, effort and frustration. Adefinition of each of these

subscales is provided below:

TITLE

ENDPOINTS

DESCRIPTIONS

MENTAL DEMAND

Low/High

How much mental and perceptual activity was
required (e.g. thinking, deciding, calculating,
remembering, looking, searching, etc.)? Was the task
easy or demanding, simple or complex, exacting or
forgiving?

PHYSICAL DEMAND

Low/High

How much physical activity was required (e.g.
pushing, pulling, turning, controlling, activating, etc.)?
Was the task easy or demanding, slow or brisk, slack
or strenuous, restful or laborious?

TEMPORAL DEMAND

Low/High

How much time pressure did you feel due to the rate
or pace at which the task or task elements occurred?
Woas the pace slow and leisurely or rapid and frantic?

PERFORMANCE

Good/Poor

How successful do you think you were in
accomplishing the goals of the task set by the
experimenter? How satisfied were you with your
performance in accomplishing these goals?

EFFORT

Low/High

How hard did you have to work (mentally and
physically) to accomplish your level of performance?

FRUSTRATION LEVEL

Low/High

How insecure, discouraged, irritated, stressed, and
annoyed versus secure, gratified, content, relaxed,
and complacent did you feel during the task?

Figure 3-1: definitions of the six NASA -TLX subscales. Taken from Hart, 2006
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The assumption of the NASALX is that some combination of the six
OOAOAAI AO xEIl 1 EEAIT U OAPOAOGAT O AT ETA
whilst performing most tasks. Each of the six sub scales were derived

from initial extensive testing, which aimed todetermine the primary

factors which define the subjective experience of workload for a

variety of people, performing numerous tasks, with tasks ranging from

laboratory-basedassignmentsto flying an aircraft (Hart, 2006).

The aministration of the NASATLX is a twepart procedure. Firstly,
the participant is asked to evaluate the contribution of each factor (its
weight) to the workload of the task. This consists of presenting the
participants with a series of pairwise comparisans (15 in total) of the
six sub scales and asking participants to choose which of the two
dimensions presented to them is more relevant to their personal
definition of workload (e.g. mental demand/ frustration level). The
number of times a dimension is sected as more relevant influences
the weighting of that dimension for any given task performed by the
participant. The second part of the workload assessment requires
participants to provide a numerical rating for each of the sub scales,
these reflect themagnitude of that factor in the task. Rather than
provide an initial numerical value indicating perceived workload,
participants express their experience of a particular factor (e.g. effort,

performance) as a position on an equally distributed 2gpoint scde. In

AAAE AAOAh OAAIT AOG AOA 1 AAAT T AA mEOIT 1 Ol
performance where participants must indicate their ability to execute
OEA OAOGE 11 A OAAIT A OATCETC &O01i1 OCITA

ratings provided by that participant during the study is then

multiplied by the appropriate weight, therefore producing a scale

xEEAE EAO AAAT OAEI T OAA AAAT OAET C O b
definitions. Advantages of using of this weighting approach can

include increased sensitivily to relevant variables and a decrease in

betweenO O A E A A O 6 QRubid, DigzAMain, & Puente, 2004)

However, a number of studies have chosen to modify NASAX
implementation by eliminating this weighting process alogether
(Hart, 2006). This approach is referred to as Raw TLX (RTLX) and has
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gainedrecognition due it is simplistic, speedy application. Here, the
numerical ratings of each sub scale are simply added or averaged to
create anestimate of overall workload. Whilst the RTLX method
drastically simplifies NASATLX methodology previous research has
demonstrated that utilising this simplified approach can result in the
use of a scale which is equally or more sensitive than the origiha
methodology (Byers, Bittner, & Hill, 1989; Hendy, Hamilton, & Landry,
1993). Due to the number of measures within this thesis which wilbe
implemented posttrial, the requirement for a quick, simple and
importantly, sensitive subjective workload assessrant is paramount.
Therefore, the RTLX procedure will be utilised throughout, in line with
previous work conducted in the automotive field(Large, Burnett,
Anyasodo, & Skrypchuk, 2016, October)

3.43UMMARY OF MEASURHHEISIN®URING DATA COLLEGITI

Tables3-1 and 3-2 below summarise those methodologies, discussed
within this chapter, which will be utilised within the following data
collection chapters (chapters 5 & 6). Table8-1 and 3-2 each providea
brief summary ofthe adopted methodology alongsidehe associated
advantagesand disadvantages of each approach, and apgecautions
which were madeto each methodto counteract previous criticisms in

the literature.
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Measure

Detail

Advantages

Criticisms

Precautions Taken

Test Environment:

Field-Based
On-road
study

e Conducting the study in a naturalistic on-road
environment, ensures that the resultant behaviours
exhibited by participants during each of the
experimental drives represent their natural
interactions and navigational decisions, made when
driving and following wayfinding guidance in an
unfamiliar environment.

Increased external
and ecological
validity

e Reduced experimental
control

e Complex data
collection

® Road trials were conducted
outside of rush hour traffic so
that some participants did not
spend disproportionally
longer on route than others.

Environmental engagement measures:

Landmark Assessed via Iconic recognition tests: Targetimages | e Simple and speedy to | Potential for images e Images (administered in
Knowledge are presented to participants alongside distractor administer and (utilised in post-trial post-trial tests) were taken
images. The participant must correctly identify which analyse tests) to be taken from a from a driver cab
images are from scene along their route (target images) perspective which is perspective
and which images are non-route scenes (distractor incongruent with how e Utilised images were also
images). the driver experienced sensitive to seasonal change
the environment on-
route
Route Assessed via a sequential ordering task: Participants | e Simple and speedy to | Can be subject to the e Images (administered in
Knowledge are presented with a number of scene images, taken administer and same perspective issues post-trial tests) were taken
from a single route. Participants must then order these analyse as iconic recognition from a driver cab
images in the sequence they believe they encountered tasks (see above) perspective
them. Therefore, replicating their best memory of the e Utilised images were also
route sensitive to seasonal change
Survey Assessed via cued sketch map: participants are e Offers a holistic e Production lies solely e A standardised, detailed
Knowledge instructed to draw a map of the environment paying insight into the on participants description will be issued to

attention to a number of key aspects e.g. the inclusion
of landmarks, pathways, road names and junction types

structure and
completeness of an
individual’s cognitive
map

memory

e Recall of individuals
can vary dramatically

e Analysis can be lengthy
and open to subjective
bias

participants regarding what
information to include in their
sketch maps

e Maps will be analysed using
well-established methods
with a subsequent reliability
analysis being performed to
prevent subject bias in
analysis

Table 3-1 Summary of methodologies utilised within this thesis
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Measure

Detail

Advantages

Criticisms

Precautions Taken

Visual Behaviour:

Eye tracking

* Mobile eye tracking glasses will be worn by

participants during on-road trials and eye tracking
analysis will be used to explore how navigational
method can impact a driver’s visual behaviours on
varying junction approaches

All driver fixations will be coded from the
geographical point of the first navigational prompt
issued by a Satnav (or equivalent point in non-Satnav

e Permits the study of
the distributions of
gaze allocation
during navigation
and at navigational
decision points
Adds depth to our
understanding of

o Difficult to ensure
accurate calibration in
a real-world driving
environment (when
drivers move their
head and torso to
perform visual checks)

Careful piloting carried out to
ensure calibration is
maintained

Cab facing recordings of
participants made to
overcome any potential
limitations or omission in eye
tracking data.

conditions) how individuals
navigate during
driving
Workload:
Objective e Measured using the tactile detection task (TDT) ¢ The employment of - -
Workload (Engstrom, 2010), the haptic based
* Here, a series of tactile stimuli are presented via a TDT will reduce the
tactor attached to the participant’s shoulder. visual load placed
Participants are required to respond to the presence on the driver.
of a new stimulus by triggering a button, attached to [compared to
their finger, as quickly as possible. The delay implementing the
between stimuli is varied subtly to ensure that cross-modal
participants are unable to predict stimulus equivalent
presentation. Detection performance is measured by peripheral detection
response time and success-rate (or missed task (PDT)]
responses).
Subjective e Measured using the NASA-TLX questionnaire. Here, e Ease of e The inclusion of the o The weighting process was
Workload participants express their experience of a particular implementation ‘weighting’ procedure eliminated and numerical

workload factor (e.g. effort, performance) as a
position on an equally distributed 20-point scale.

o Non-intrusiveness

o (Capable of providing
a sensitive measure
of operator load

can result in a lengthy
administration time

ratings of each sub scale were
added together to create an
estimate of overall workload.

Table 3-2 Summary of methodologies utilised within this thesis

109



CHAPTER}: APPROACH
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The work described in this section of the thesis details series of on
road studieswhich were conducted in the Clifton area of Nottingham,
aiming to uncoverhow different navigational methodsaffect driver
wayfinding performance, workload and environmental engagementn
a betweensubjects design, dotal of 45 experienced drivers completed
two experimental drives comprising the same3 routes (with
overlapping sections) stagedone weekapart. Drivers were provided
with the navigational support of either a Satnav device (baseline), an
informed passenger (a stranger with expert route knowledgedpr
acollaborative passenger (an individual with whom they hd a close,
personal relationship). Participants experienced the same guidance on
each of the two drives to explore changes in reported and observed
behaviour. The different ravigational methods were notable for

their varying interactivity and the preponderanceof environmental

landmark information

Figure 4-1 provides an overview of the experimental seup which is

detailed in this chapter.
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-

1. Satnav Conditiorm

Drivers navigated a
predefined route following routes following wayfinding prompts
the navigational prompts an infermed passenger in the vehicle
of a popular vehicle
navigation device (Garmin
nuvi 2569)

The same passenger issued navigational
guidance to all drivers, following a semi-
structured script. The passenger only
o 4females/ 11 males offered additional guidance or

clarification if prompted by the driver

of

Experimental Conditions \
/ 2. Informed Passenger \ \

Drivers navigated the same predefined

ﬂ Collaborative Passenger

Participants were recruited in pairs based on them having
an existing, personal relationship (e.g. colleague, spouse,
friend, sibling). Within this pair, one individual acted as
the driver and the other, navigator.

Navigators were pre-trained in the routes via a
highlighted map and video - video featured an audio
commentary which highlighted POIs on route and offered
‘added value’ information about the area.

s Averageage: 33,14.4
years average driving
experience

\ years average driving
\ / \ experience /
—

¢« 4females/ 11 males « 7 females/8 males

*  Average age 32 years, 11.5 *  Average age 33 years, 14.8 years driving experience

back on route

Road-Trial Procedure

ensuring the study adequately represented an 'everyday’ journey
Total of 45 participants across three navigational conditions (Satnav, Informed Passenger, Collaborative)

Participants drove routes twice, one week apart to simulate weekly travel to a meeting/appointment

On-road navigation study, conducted within the Clifton area of Nottingham - Comprised of three separate,
intersecting routes (see table 4-2 for route details) which were driven consecutively.
Participants were guided in-between routes by the experimenter who was always present in the test vehicle
Navigational error corrections were always handled by the experimenter who intervened to guide the driver

1
2
3
4. The route(s) was selected for its various junction types, points of intersection and “environmental furniture”
5
N

\

Dependent Variables (DV)

1. Workload
chapter 5):

ﬂ\?s assessed during both experimental drive:
DVs assessed after drive 2

q

»  Tactile Detection Device (TDT) recording
participants response times to the presentation
of haptic cues

2, Eye tracking measures: Eye tracking glasses
recorded participants visual search throughout all
drives (analysis presented in chapter 6)

es (analysis pr in

t/spatial learning

Envir tal

(analysis presented in chapter 6):

+* Landmark knowledge: participants were
asked to identify images which had and had
not appeared along routes which they

s Nasa-TLX - Subjective workload scale travelled

* Route knowledge: participants were asked to
order a series of images of the routes which
they travelled through

+ Survey knowledge: participants were asked
to draw a sketch map of the routes they

3. Performanf:e measures.: Number of navigational travelled, recording as much detail as possible
Qars (analysis presented in chapter 5) /

A

Figure 4-1 Overview of experimental conditions, road

examined dependent variables

-trial procedure and

Each offollowing subsectionsof this chapterprovides further detail of

each navigationalcondition in turn, explaining how navigational

guidance varied in each setup
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4.1 NAVIGATIONAMETHODS

4.1.1 SatNav

Drivers navigatedwith the assistance of a Satnav devidarough three

predefined, separate routes that intersected along three points in the

Clifton area of Nottingham(points of intersection illustrated in figure

4-7),in a test period which ran fromFebruary to March in 2016 In

this condition eachdriver navigated through these routesfollowing

the auditory wayfinding prompts and thevisual display ofa

commercially available (nontprototype), nomadic havigation device

(Garmin nuvi 2569). Participants were trained in the use of the system

prior to commencingthe drive, although they were notrequired to

physically interact with the devicewhile driving (i.e. the destination

was entered prior to the vehicle moving) Each of the three routes

were preprogramed into the device using the Garmin Basecanip

application. This process was required as satellite navigation devices

often configure routes on the basis of shortest distance, or fastest

ElT 00T Au OEi A8 'O AAAE 1T £ OEA OEOAA 01 0
OOEI OOAOOE O OOA 01 Odaédfina®Egatiohl AAOOET AO
waypoints ensured that navigational guidance and route selection

remained consistent for each participant, allowing results to be

comparable across experimental conditions. Prior to the roadtial

commencing the experimenter installed thenavigation device in the

OAOO OAEEAT A AAAT OAET ¢ O1 |-AgtOEZAAOOOAO
EAT A AT O1 A0 1 AndiindthahtiepatkifadtSverd A A

comfortable with the device in that location

o
(@}

4EA O3A0. AOGS Al 1 AE QB paiticipAritsi(1R GaiedR A A
female), with an average age of 33 years (SD = 11.5). These

participants, with an average of 14.4 years driving experience,

identified dedicated SatNav devices as their preferred navigation tool

in a pre-trial questionnaire (closely followed by smartphone map
applications {i.e. Google maps}), with 12 out of the 15 participants

DOl ZAOOGET ¢ O OAI xAUOG8 OOEI ¢ OOAE 1 AOE
unknown areas (3 out of 15 participants continued to use such devices

in areas whichwere familiar to them).
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Ethical permission to conduct thisstudy was granted by the University
of Nottingham, School of Engineering ethics committee on thed®f
November, 2015. Full details of ethics application and approval can be

found in Appendix A.

GARMIN

Figure 4-2: the Garmin nuvi 2569 Satellite navigation device which issued
wayfinding guidance to participants in the SatNav condition

4.1.2 Informed Passenger
In this condition drivers navigated along thesame three predefined,
intersecting routes, from February to March in 2016jnstead following
the fixed navigational guidance oan Q) 1T &£ &skefgkd(ad
individual unfamiliar to participants/ with whom they had no prior
relationship). Here, heexperii AT OAOh AAQOET ¢ AO OEA OET .
b A O O A kaCrifexd  the driver and issuedavigational guidance to
all participants, following a semistructured navigational script. The
passenger offered additional guidance gprovided navigational
clarification, only when prompted by the driver. The navigational
script utilised by the informed passenger referenced the world around
the driver by identifying landmarks at each navigational choice point
(junction) on route (e.g. turn right after the leisure centre) utili sing
hand gestures to support this verbal guidance and assist the drivér
the identification of the correct roadway. Additionally, landmarks
were also utilised at four predefined points, which were not essential
to accurate navigational performance Here, the same four landmarks
were highlighted as the driver travelled past them on rout€Clifton
university campus, Fairham pub, Clifton Market place, Clifton flower
garden). This was done to provide the driver with enhanced

information about the surrounding route environment.
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TheOET &£ O AA PAOOAT cCA0O6 AT T AEOCEIT ATI DO
participants (11 male, 4 female), with an average age of 32 years (SD =

9.8). These participants, had an average of 11.5 years driving

experience and identified dedicatedSatNav devices as their preferred

navigation tool in a pretrial questionnaire (closely followed by

smartphone map, and route planner applications {i.e. Google maps, AA

route planner})), W OE pmn 1 00 T £ puv PAOOEAEDAT 0O
using such navigtional aids when travelling in unknown areas (2 out

of 15 participants continued to use such devices in areas which were

familiar to them).

Ethical permission to conduct this study was granted by the University
of Nottingham, School of Engineering ethiocsommittee on the 3¢ of
November, 2015. Full details of the ethics application and approvals

can be found in Appendix A.

Figure 4-3: an interior view of the vehicle during the Informed passenger
navigation condition

4.1.3 Collaborative
Here,prospective participants were asked to sign up in pairs.
Members of each partnership were required to have aexisting, close
personal relationship with one another,which had required them to
navigatetogether on previous occasions (colleague, spouse, friend,
sibling). Within thesepairs, participants seltselected the roles of
@river 8and Gavigatord Here,in a testing period from September to
October in 2016 the driver was required to navigate through the same

three intersecting routes as the previous iterations of the trial
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following the guidance of the passenger (termed the collaborative

passenger). Prior to commencing the omoad trial, collaborative

passengers were trained in the routes and told to make naational

notes to help them guide their driver, training was performed and note

taking was recommended to passengers so that they were able to issue

accurate, timely guidance to drivers. Training consisted of issuing

participants with a highlighted map (seFigure 4-7, pg. 127, which

marked route start and end points (as well points of route

intersection) and a video which was filmed from the driver cab

perspective (see Appendix Cfor how to access route learning

materials). This video featured an audio@mmentary, which used the

OAI A 1T AOECAOEI T Al OAOEDPO AO OEA OET & O
AAAEOGETT 1T &£ OPITETO T £ ET OAOAOOGSE AT A OA
area (e.g. highlighting churches, university campuses, market days,

names of parks on raite). Whilst navigator training was not formally
assessednavigators were asked to confirm that they had utilised the

available training materials, prior to the first experimental drive.

Navigator notes werealsoexamined by the experimenter to ensure

that they were sufficient to guideeachdriver through the three

experimental routes.

AEA OAT 11 AAT OAGEOAS AT 1 AEOEIT1T AT i DPOEOA
male, 5 female), with an average age of 33 years (SD = 9.8). These

participants, had an average of 18 years driving experience and

identified dedicated SatNav devices as their preferred navigation tool

in a pretrial questionnaire (closely followed by smartphone map, and

route planner applications {i.e. Google maps, AA route planner}), with

7outof ISPAOOEAEDAT OO DPOI £ZAOOET ¢ O OAlI xAUC
aids when travelling in unknown areas (only 1 out of 15 participants

continued to use such devices in areas which were familiar to them).

Ethical permission to conduct this study was granted by th&niversity
of Nottingham, School of Engineering ethics committee on the 2%f
August, 2016. Full details of the ethics application and approvals can

be found in Appendix A.
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Figure 4-4: interior view of the vehicle in the Collaborative navigation
condition

4.2 PARTICIPANTS

Participants who took part in the studies were primarily employees or
students at the University of Nottingham and participated voluntarily
by responding toadvertisements and blanké emails. Participants
were reimbursed for their time with a £30 shopping voucher,
presented to participants on completion of the final, second drive. The
only prerequisites to participation in the road trial were that drivers
held a university driving permit which meant they were insured to
drive the university owned vehicle and that they had no prior
knowledge of the Clifton area of Nottingham where the study took
place (details of how participants obtained a university driving permit
can be found in Appeadix A). Additionally, to ensure that prior
experience did not influence theA O E GeAvidanr@ental knowledge,
participants were only permitted to take part in one of the
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experimental conditions.A total of 45participants (15 SatNav drivers,
15 informed passenger drivers,15 collaborative drivers) with no

known health-related problems took part in the trial.

4.3 APPARATUS ANDATERIALS

An instrumented Ford focusowned and insured by the University of

Nottingham wasused for the study(Figure 4-5). The vehicle was

fitted with forward facing cameras to capture the road view, providing

context to the directions being given by the navigator. Cameras that

faced into the driving cab also capture® EA AOEOAO8 O ET OAOAAOD
either the navigation devce, informed passenger or collaborative

passenger along withany gestures and facial expressions which were

made throughout the driving task.

Figure 4-5: the instrumented Ford Focus used within all on -road trials

Throughout all drives, participants wore a TDT (Tactile detection
Task) device(Figure 4-6) to provide an objectivemeasure of
workload. The TDT(Engstrom, 2010)is an ISO standardised method
in which drivers wear a smdl vibro -tactile motor attached to the
shoulder/neck. Periodically (and seemingly random) according to the
standard, the motor makes a brief low intensity pulse (<1 sec). The
task of participants is to press a button on their index finger when they
notice the pulse.During the onroad trials participants were given the
opportunity to fit the motor, under instruction from the experimenter.
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Figure 4-6 The TDT device depicting the white rectangular vibro -tactile
motor, and the black response push -button

4.4DESIGN OEXPERIMENT

4EA OOOAU AAT PDPOAA A AAOxAAT OOAEAADGSO
Variable (IV) namely the navigational aid which assistethe driver in

navigating through the routes. This comprised thredevels of

measurement: whether the driver was assisted in wa¥inding by a

satellite navigation devicean informed passenger who issued semi

structured navigational guidanceor a collaboratve partner with

whom the driver already had an established personal relationshipThe

Dependent Variables were the level aénvironmental knowledge

acquired by drivers (landmark, route, and survey), driver workload

(objective TDT and subjective NASALX measureg, performance

measures flumber of navigational errors)and eye tracking measures.

4 .5PROCEDURE

For each condition the sessiomommenced with a briefing where the
details of each study were apprised to participantsThey were not
informed that their spatial knowledge would be assessed at a later
date z to avoid drivers explicitly attempting to learn the routes/area.
Upon giving their informed consent participants were asked to drive,
following guidance from the experimenter, to the start of the first of
the three predefined routes (510 minutes duration). This pretrial
drive period was used so that participants could become accustomed
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to vehicle controls before the trial began, reducing the impact that the
lack of familiarity with the test vehicle had m driving technique and

performance.

All three routes incorporated a variety of different road and junction
types and each took participants around ten minutes to complete in
clear traffic (Table 4-1 provides additional detail of junctions by
experimental route) . Traffic density was controlled as much as was
possible by conducting each roadrial out of peak rush-hour traffic
(between a 10am and 4pm window)and during periods when each of
the experimental routes were free from any planned road works.
ThroOCET OO0 Al 1 AOEOAO OEA AgbAOEI AT OAO
start and end point by asking the driver to pull over, verbally

informing them when the route was finished or about to begin. Each of
the three routes intersected at three points, though thesperiods of
overlap were notexplicitly mentioned to participants. Upon

completing each route, the experimenter directed all participants to
their next start point in the same way, clearly informing them that
these sections were not part of the defined roes which the study was

focused on.

The experimenterwas always present in the test vehicle during
experimental drives, sittingin the front passenger seain the Satnav
and informed passengerconditions andin the rear of the car during
the collaborative condition. On each of these drivithe experimenter
remained silent(unless they were acting as the informed passenger),
observing participant interactions (with the SatNav device or their
collaborative passenger)Within the informed passengercondition,
the experimenter (seated in the in the front passenger positioy
issueddrivers with navigational guidance, from a set of standard
prompts, only deviating from this standard guidance when prompted
by the driver for additional information or clarification . Additionally,
within all conditions the experimenter alwaysintervened if drivers
veered off route Here, the experimenterinformed the driver of the
mistake and directed them back onto the correct pathThe only time

drivers were prevented from making a navigational error was when
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the performance of that actionmay haveput their safety at risk or
meant performing an illegal manoeuvreEach mrticipant travelled
routes twice, approximately one week apart to attempt to replicate

weekly travel to a meetng or appointment.

Experimental route

Experimental Route 1 Route 2 Route 3
Condition » 2roundabouts » 3 roundabouts » 2 T-junctions
» 4side turns (2 across » 2side turns (1 across » 2 Side turns (1 across
traffic) traffic) traffic)
» 1 T-junction » 1 trafficlight junction » 2 traffic lights junctions
» Route length: 2.4 miles » 3 T-junctions > Route length: 2.1 miles
> Route length: 2.5 miles
Travelled by participants on:
Drive 1 Drive 2 Drive 1 Drive 2 Drive 1 Drive 2
Satnav 4 v 4 4 4 4
Informed v v v v v v
Passenger
Collaborative v v 4 v v v

Table 4-1 Navigational junctions featured within experimental routes and
frequency of participant travel

After the second, final drive participants were asked to complete a
landmark and route recognition exercise- a common approach in the
spatial cogrition and navigation literature (Galea & Kimura, 1993)
(Head & Isom, 2010)In the first landmark knowledge test
participants were given a set of 12 images and were asked to identify
those images which had appeared across the three routes and those
which had not. For the second route learning tesparticipants were
given a set of images for each of the three routésvelled, each image
was a view of a junction encountered on route. Participants were
asked to put these images in the order which they had appeared on
route. Additionally, drivers were asked to draw a sketch map of the
routes travelled, incorporating asmuch detail as possible. They were
specifically askedto represent any landmarks which they might have
experienced on route, specific junction types and were instructed to
illustrate any overlap they might have experienced on route
(Appleyard, 1970; Forbes & Burnett, 2007)

4.5.1 Workload
Participant objective workload was captured by the TDT device
software. Each route was monitored separately to ensure that only the
workload experienced by the participants during the predefined
routes was captured. The' DT device software produced an output
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after each monitoring period which captured workload using two
measurements: The average reaction time, measured in milliseconds
in which the driver responded to the TDT impulse and the percentage
of impulses which weae missed. This second value was derived from
the total number of impulses which were issued and the number of
these impulses which werenot acknowledged by participants (i.e.
participants did not depress the response button on their index finger
in acknowledgement of the vibration). The total number of impulses
issued across the three drives were combined alongside the number of
impulses missed by participants. From this, a percentage was
calculated illustrating the total number of missed impulses on route
This number, along withthe DAOOEAEDAT 06 0 AOAOACA
the three routes representedtheir objective workload. This same
process was repeated for both drives so that any changes in workload
experienced by participants could be detected frm the first-time
participants travelled the route and their secondexperience of the

journey.

Participant subjective workload was recorded using the NASALX
subjective rating scale. NASALX questionnaires were administered
to participants after completion of experimental drives one and two.
Here, participants were asked to reflect upothe earlier driving and
navigation task and ug the questionnaires rating scaledo provide an

indication of their workload across the three experimentakoutes.

Cumulative NASATLX scores were then used to make assessments on

AAAE PAOOEAEDPAT 080 OOAEAAOEOA x1 OEI

calculated by combining the six, twentypoint ratings scales which
feature in the NASATLX questionnaire. This means that each
participant could have a possible subjective workload score ranging
from 0 to 120. Cumulative subjective workload scores were then

compared from experimental drives one and two for each participant.
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4.5.2 Route Learning
Route learning data was analysed usingraethod developed by
Webber (2013) based on other wellestablished approachegBurnett
& Lee, 2005; Golledge, Ruggles, & Pellegrino, 1998his approach
provided two scores: a percentage score for the landmark knowledge

test and a total error score for the route knowledge task.

To mark the landmark knowledge test, the number of images which

participants believed to have appeared on route were separated into

Ox1 DEI AOh O11 O OO0A &f inkdrréctlyplaceE O1 OOAS 8
images weresubtracted from the number of correctly placed images

which yielded a percentage score of images correctly placed.

Therefore, participants could score a minimum of 0 and a maximum of

100% correct for each route. Landmark knowledge wasalculated in

OEEO xAU O AAOAO PAOOEAEDAT OO AOT I DI
Ol OOAG DPEI Ah COAOAT OAAET ¢ OEAO OEAU «xI
on route images. However, in doing this they would have also placed

the same number of images incorredy so a scoring system which

AEAT 60 AAAT O1T O &£ O OEEO AT Ol A ET AT OOAA
ETT xI AARCA xEAOA OEAOA PAOEADPO xAOIT &0 1

The route knowledge test used the same approach to calculate route

error across the three routes. However, as eaaoute had a varying

number of junctions, participants were asked to order a different

number of images according to the specific route. This in turn meant

that each route produced route error scores which wer@ot directly

comparableto one another. Therefore, final, calculated route error

scores were then scaled. The initial approach to calculate route error

scores used absolute error as a base index of error. The position of

each image was scored relative to its actual position on route. To

account forthe differences at average levels of performance (where

using the absolute error score alone would not provide adequate

OAT OEOEOEOUQh A OOANOGAT AET ¢ OAlI OAG xAO
number of the longest string of images which were placed together

without error. Final total error values were calculated by subtracting

AT ET AEOEAOAI 60 OANOAT AET ¢ OAIT OA £mEOT I
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So that route error values could be compared between routes and

combined to create an average route error score, all values neeatl®

xI OE &£01Ti OEA OAIi A OAAI A8 4EAOAA&E OAh 1
score was calculated it was scaled by calculating the position where a
DAOOEAEDAT 060 O1 OOA AOOI O OAT OA xAO 11

available options giving a route error scoreof between 0 and 1.

4.5.3 Survey Knowledge
Survey knowledge was tested by asking participants to draw a sketch
map (on a blank sheet of A4 paper) of what they remembered from the
route environment. They were asked tanclude any roads, buildings or
landmarks which they remembered seeing whilst on each of the three
routes. Participants were asked to carefully consider the placement of
roads and buildings within in their sketch maps, placing landmarks
and roads as accurately as possible in relation to one amatr as best
as they could remember. Additionally, participants were asketb
illustrate any route overlap which they believe they had experienced
whilst driving. This approach was similar to previous work which had
used participant sketch maps to examine grticipant survey
knowledge (Appleyard, 1970; Rovine & Weisman, 1989; Oliver &
Burnett, 2008).

A range of analyses were performed on participant sketch maps which
provided an indication of participant® acquired survey knowledge.
Firstly, the complexity ofparticipant sketch maps were classified using
the categorisation scheme first proposed by Appleyard (1970) and
utilised in later research(Rovine & Weisman, 1989; Burnett & Lee,
2005).) T OEEO APDPOI AAEh 1T APO AOA Al 1 OEAAO
dominAT 08 j POEI AOET U OI AAGQ 10 OOPAOGEAII
landmarks) (seesection3.3.1.1for a more detailed overview). These

broad categories are then further broken down into sukcategories in

which the increasing complexity of maps is identified. Mapahich

range from simplistic sketches with no integration of elements (e.g.

spatial scattered) are placed at the lowest end of the complexity scale,

sitting at the opposite end of this scale are holistic, integrated maps

which marry landmarks and road sequeces into a whole view.
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In addition to identifying sketch map complexity, the individual
elements illustrated within participant sketch maps were assessed
using methods adapted from those proposed by Rovine and Weisman
(1989) and utilised in later research(Forbes & Burnett, 2007) Here,

an assessment of the following map characteristics was conducted:

1. Absolute number of landmarks illustrated in the map

2. Absolute number of path segmentggroupings of roads and junctions
within the test area)

3. The accuracy of the placement of landmarksnumber of landmarks
illustrated in the sketch map which were placed correctly either in
relation to other landmarks or to a path segment

4. Number of routeintersections correctly identified and illustrated by
participants (participants experienced a total of three route

intersections during experimental drives)

Appropriate statistical analyses were then performed on resulting
data to determine if the numberof individual components contained
within sketch map illustrations differed significantly amongst

conditions.

&ET AT 1T UR O AT OOOA OEAO OEA OAI EAAEIEO
ratings of participant sketch map characteristics, a Cohens Kappa

analysis was performed on a selection of participant maps. This

involved another Human Factors specialist independently analysing a

random selection of participant maps from each experimental

condition (5 out of 15 maps, in each experimental condition were

selededfor a secondary, independent analysis). The subsequent result

provides an indication of the level of agreement between the two

raters, providing some reassurance that the results obtained from the

analysis of participant sketch maps were reliable, anchade accurate

determinations of the sketch maps various components.

4.6 THE ROUTE

The test area which was selected was a large village and
housing/residential estate within Nottingham, UK, called Clifton. The

Clifton area was chosen for a number of pragmaticd methodological
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reasons. Firstly, the area is located close to the University of
Nottingham, which enabled easy access to and from the main campus
for both the participants and researcher. Secondly, as Clifton is home
Nottingham does not have any campuses within this area, and it was
anticipated that it would reduce the likelihood of prospective
participants being familiar with the area(although participants were
pre-screened to ensure this) thus increasing the number of potentially
available participants. Additionally, the area allowed for the
development of three routes within a particular set of constraints.
These constraints were based on considerations from earlier literature
(Webber, 2013), and the aims of the study:

All three routes should have a minimum of six decision points (defined
as a navigational point or junction which presented the opportunity to
change heading)

Each of the routes must intersect oa another at three disparate points
The three routes should be similar in terms of the number of salient
landmarks or features

The three routes should be completed within approximately 45

minutes driving time

The first constraint was decided upon followinga review of the
adopted methodologies in earlier, related literature concerning
navigation and environmental learning. In prior research the number
of decision points ranged from two(Furukawa, 2004)to sixteen
(Kruger, Aslan, & Zimmer, 2004)which varied depenant on the
methodology adopted (i.e. if participants were completing single or
multiple routes) and the research questions being addressed. As a
number of studies utilised a high number of dcision points within
routes and were designed to study pedestrian navigation, it was
decided that an increased number of decision points would ensure
routes were not too simplistic and wouldguaranteethat routes were
an adequate length for use within a dving navigation methodology.

Environmental limitations meant that a minimum of six decision
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points could be encountered on route, whilst ensuring the other three

constraints were satisfied.

To satisfy all constraints, the three finally selected routesazh
consisted of between six and nine decision points, and are shown in

Figure 4-7
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hlighted map depicting route 1 (in blue), route 2 (in green)

-7: a hig

Figure 4

three separate points of intersect with

and route 3 (in red), highlighting the

red eclipses
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So thatthe four constraints were satisfied, the components of the
three, final routes were similar, though not identical in natureTable 4-
2 below details the components of each of the three experiméad

routes.

Route 1

Number of
Junctions on
route

Route Length
(miles)

7

24

N

9

2.5

6

2.1

Table 4-2 Components of experimental routes

Whilst the routes were close to one another in proximity it was
ensured that there was a separating distance between each routes end
and the next route start point, ensuring that each route was perceived

as distinct.

4. 7TIMELINE

As each of the four studies detailed within this thesis were conducted
during varying seasons over a threg/ear period between 2014 and
2017, a number of measures were taken to ensure that post trial tests
adequately reflected the changing omoad environment. Images used
for post-trial landmark and route knowledge tests were changed
according to the season in which the omoad trial was conducted.
Figure 4-8 on the following pagedisplays examples of the images
presented to participants after winter and summer onroad trials and
reflects how junction imagery was affected by seasonal change. To
prevent experimental bias and facilitate participats correctly
identifying and ordering route imagery, it was important that these
images adequately represented the environment which they had
travelled through. To ensure that images were consistent across

experimental condition, care was taken to ensuréhat both winter and
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summer images presented to participants during postrial tests were

taken at the same road position, therefore offering all participants the

same junction view and angle.

Figure 4-8 Displays a number of images utilised within post -trial landmark
and route knowledge tests. With images utilised during winter road trials
shown on the left and summer images on the right
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This chapter will compare the navigational performanceworkload

and visual search(on junction approaches)of participants acrossthe
three experimental conditions (Satnav; informed passenger;
collaborative navigation). Results for driver engagement will be
reported in Chapter 6.Navigational performanceis indicated by the
averagenumber of route errors made by participantscombined across
drives one and two. Objective andubjective measurementsof

b A 0 O E AvioiRldatl Wededaken using a tactile detection device and
NASATLX questionnaires respectively. Finally, participantvisual
search strategies on the approach to a navigational junction were

analysed and compared across experimental condlins.

Table5-1 on the following pagepresents a summary of each of the

navigational conditions which are examined within this chapter:
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Navigational Characteristics

Condition
Satnav e Participants navigated following the guidance of a commercially
(11 male, 4 available, nomadic navigation device (Garmin nuvi 2569)
female) e Drivers were presented with turn-by-turn navigational guidance and
corresponding visual information
¢ Routes were pre-programmed by the experimenter prior to commencing
the drive
e Satnav device was installed in the far-right hand side of the drivers cab
Informed e Experimenter (satin the passenger’s seat of the vehicle) issued
Passenger navigational guidance to the passenger from a semi-structured
(11 male, 4 navigational script
female) e Route guidance referenced landmarks at navigational choice points and

pin pointed each junction using hand gestures
e Drivers could prompt the informed passenger for additional guidance or
information at any point on route
Collaborative e Participants were recruited in pairs on the basis of them having a pre-

Passenger existing, close personal relationship (e.g. spouse, friend, sibling)
(10 male, 5 e  Within this pair one acted as the driver, the other navigator
female) e Navigators were pre-trained in experimental routes using a video (with

audio commentary) and highlighted map

e They were encouraged to make navigational notes so that they could
confidently guide their driver through experimental routes

e Drivers were encouraged to question guidance when they were unsure,
treating the drive as if they were navigating with a friend.

Table 5-1 Summary of experimental conditions examined within this chap  ter

5.1NAVIGATIONARERFORMANCE

The total number of navigational errors made by participants across
experimental drives one and two were recorded and comparedcross
navigational conditions.Normality tests revealed navigational error
data followed anon-normal distribution , therefore nonparametric

tests were performed.

Satnav Informed  Collaborative
Passenger
Mean 1.13 0.13 0.47
Min 0 0 0
Q1 0 0 0
Median 1 0 0
Q3 2 0 1
Max 3 1 2
IQR 2 0 1
Upper Outliers 0 2 0
Lower Outliers 0 0 0

Table 5-2 Navigational error breakdown across experimental conditions
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Figure 5-1: Average number of navigational errors (wrongs turnings) made
by participants on experimental drives one and two.

A A Kruskal WallisH test was run to determine if there were differences
in the averagenumber of navigational errors madeby drivers in the
Satnav, Informed Passenger and Collaborativewvigation conditions.
Distributions of navigation error scores were not similar for all
experimental conditions as assessed by visual inspection of a boxplot.
Values are meamanks unless otherwise stated The mean ranks ofthe
number of navigational errorsscoreswere statistically significantly
different between groups,R (2)= 8.88, p = 0.012.

A Pairwise comparisons were performed using Dunns (1964) procedure
with a Bonferroni correction for multiple comparisons. Adjusted p
values are presented. Values are mean ranks unless otherwise stated.
This post hoc analysis revealed statistically significant differences in
the number of navigational errors made by drivers in the SatNav
condition (29.35) compared to drivers following informed passenger
guidance (17.03) (p = 0.009).

A Pairwise comparisons revealed no statistically significant differences

across any further combinations of experimental conditions.
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5.2 NASATLXVEASURES
NASA TIX questionnaires wereadministered after participants had
completed their first and second drives, thisprovided a subjective

measure of driver workload (@veragecumulative scores presentedn

Figure 5-2 below). Normality tests revealed normally distributed data.

Collaborati 39.87
ollaborative 51.87
nformed Passenger
45.80 ® Drive2
M Drivel
43.88
SatNav 53.38

10 20 30 40 50 60 70
Sum of Culmulative NASA-TLX Scores

Experimental Condition

[=]

Figure 5-2: Average cumulative NASA TLX scores illustrating the perceived
workload scores of SatNav, Informed Passenger and Collaborative
participants after Drive 1 and Drive 2

A A between subjects (onevay) ANOVA confirned that there were no
significant differences between the experimental conditions on drive
one; F (3,57) =1.100, p=0.36, demonstrating that perceived workload
was statistically similar across experimental conditions on drive one.

A Similarly, for drive two, a between subjects (onavay) ANOVA
confirmed that there were no significant differences across
experimental conditions on drive two; F (3,57) = 0.538, p=0.66. Again,
demonstrating that perceived workload was statistically similar across
all experimental conditions on the second, final drive.

A However, paired samples tests revealed a significant drop in
perceived workload fromdrive 1 (M = 56.93, SD = 18.95) tdrive 2 (M
= 46.80, SD = 16.47) in the SatNav condition; t(14) = 3.22, p= 0.006.

Demonstrating a statistically significant reduction in the perceived
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workload of participants in the SatNav condition from drive one to
drive two.

A Likewise, paired sampleg tests revealed a significant drop in the
perceived workload of Collaborative participants from drive one (M =
51.87, SD =19.42) to drive two (M = 39.87, SD = 17.60); t(14) = 4.19, p
= 0.001. Highlighting that Collaborative participants perceived their
workload to be significantly lower on their second, final drive.

A Whilst the perceived workload of Informed Passenger participants did
drop from drive one (M = 45.8, SD = 18.45) to drive two (M = 39.87, SD
=17.47). A paired samplestest confirmed that this reductionis
workload was not statistically significant; t (14) = 1.45, p = 0.17.
Meaning that informed passenger participants had statistically similar

levels of perceived workload on bottexperimental drives.

5.3 TDTMEASURES

Throughout both experimental drives parti cipants were required to
respond to the impulses issued by the TDT device. The percentage of
missed impulses and reaction time in response to impulses provided
an objective measure of driver workload. Normality tests revealed that
TDT data was not normallydistributed therefore non-parametric tests

were performed.

11.89
Collaborative 15.22
11.30
Informed Passenger
14.96 ® Drive2
W Drivel
20.83
SatNav
22.78

10 15 20 25 30

Experimental Condition

(=]
w

Average % of Missed Impulses

Figure 5-3: Average percentage of TDT impulses missed by SatNav, Informed
Passenger and Collaborative participants. lllustrating the average  number
(expressed as a percentage) of TDT impulses which participants failed to
respond to on -drive.
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A Kruskal Walllis test confirmed that there were no significant
differences in the percentage of impulses missed by SatNav, Informed
Passenger and Collabot#ve participants in drive one; H(2) = 1.59, p =
0.45. Demonstrating that the number of TDT impulses which
participants responded to was statistically equivalent across
conditions on drive one.

Likewise, a Kruskal Wallis test confirmed that there were no
significant differences in the percentage of impulses missed by SatNav,
Informed Passenger and Collaborative participants in drive two; H(2)
= 2.93, p = 0.23. Demonstrating that the number of TDT impulses
which participants responded to was statistically guivalent across
conditions on drive two.

A Wilcoxon SignedRanks test indicted that Informed Passenger
drivers missed more TDT impulses on drivene (Mdn = 14.35)
compared to drivetwo Mdn = 11.15) z2.45, p<0014. Demonstrating
that informed passengerdrivers experienceda significant drop in
objective workload from drive one to drive two, resulting in them
responding to significantly more haptic stimuli on their second drive
Similarly, a Wilcoxon SignedRanks test indicated that Collaborative
drivers missed significantly more TDT impulses on drive on@Mdn =
7.8) comparedto drive two (Mdn = 6.9) z =-2.04, p<0.@1.
Demonstrating that Collaborative drivers experienced a significant
drop in objective workload from drive one to drive two, resulting in
them responding to significantly more haptic stimuli on their second
drive.

"AOxAAT OOAEAAOOGE AT i PAOEOI T O OAOAAI AA
differences across any further combinations of experimental

conditions
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498.86
Collaborative
527.63
42351
Informed Passenger
477.74 ¥ Drive2

W Drivel
522.74
SatNav
533.03

100 200 300 400 500 600
Average RT to TDT Impulses (ms)

Experimental Condition

o

Figure 5-4: Average reaction time data of SatNav, Informed Passenger and
Collaborative participants. lllustrating the average amount of time (reported
in milliseconds) participants took to respond to the onset of a TDT impulse

A A Kruskd Wallis test confirmed that there were no significant
differences in the reaction times of SatNav, Informed Passenger and
Collaborative participants toward the onset of a TDT impulses in drive
one; H(2) = 3.41, p = 0.33. Demonstrating that the time it &k
participants to respond to the onset of TDT impulses in drive one was
statistically equivalent across conditions.

A Similarly, a KruskalWallis test confirmed that there were no
significant differences in the reaction times of SatNav, Informed
Passengerand Collaborative participants toward the onset of DT
impulses in drive two; H(2) = 4.24, p = 0.12 . Demonstrating that the
time it took participants to respond to the onset of TDT impulses in
drive two was statistically equivalent across conditions.

A A Wilcoxon SignedRanks test indicted that Informed Passenger
drivers had sigrificantly slower reaction times towards the onset of a
TDT impulseson drive one compared to drive two; z =2.79, p < 0.005.
Demonstrating that informed passenger drivers experiencg a
significant drop in objective workload from drive one to drive two
which resulting in them responding significantly quicker to haptic
stimuli on their second drive

A "AOxAAT OOAEAAOOS Ai i PAOEOI T O OAOAAI AA
differences acrossany further combinations of experimental

conditions
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5.4 EYE TRACKING MEASURPREAD OF SEARCHRCTISION POINTS

Throughout all drives participants wore a pair of Sensklotoric

Instruments (SMI) eye tracking glassesvhich collected binocular gaze

data at 30 frames per second (FPSYhis data was then used to assess

b A 0 O E Avisdalbeh@viddrs on approach to navigational junctions.

The five junctions selectedor further analysis were representative of

the routesasawhole andincluded side turns (turning left or right off a

straight path road), roundabouts and a TJunction All fixations were

coded from the geographical point of the first navigational prompt

issued by the SatNayor equivalent point in non-Satnas conditions), to

ensure a fair comparison across condition®3 A1 AT OEA CAUA [ APDI
with pre-defined areas of interestwas performed inthe SMI eye

tracking analysis software®eGaze 3.8and involved identifying

participantséfixations within eachjuncET 1 8 O OAEAI AOEA OADPOA
(as shown infigure 5-5). Participantsdtotal dwell times and mean

fixation times within the specific areas of interest were then compared

across experimental conditions.

Areas of interest which were examined for each experigntal

condition are listed in table 53 in the following page Here, landmarks
situated to the left, right and forward of the driver are detailed under
the appropriate columns, providing detail of the changing roadside
environment at each navigational jurction. Whilst these landmarks
varied in form and function from junction to junction, each was
investigated according to it placement at the roadside as a left, right or

forward landmark or area of interest.
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Examined areas of interest
Junction | Passenger | Left Left Rear- Forward Roadway Right Satnav | Right | Dash
wing | landmark | view Landmark landmark wing
mirror
Route 1 \/ \/ House/ \/ Houses \/ House/ \/ \/ \/
Junction Church Hedge
4 spire
Route 1 \/ \/ Residential \/ Houses \/ Lamppost/ \/ \/ \/
Junction home Tree
6
Route 2 \/ \/ Pub \/ Tree \/ Signs \/ \/ \/
Junction
2
Route 2 \/ \/ Signs & \/ x \/ Flats \/ \/ \/
Junction Traffic
4 lights
Route 2 \/ \/ Petrol \/ Roundabout/ \/ Clifton \/ \/ \/
Junction station Tree village
7
Table 5-3 Areas of Interest (AOI) examined during eye tracking analysis at navigational decision points (listed by navigational junctio n)
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5.5.1 Route 1-Junction 4

Left wmg

Figure 5-5: Representative image of on -route junction, displaying pre -defined
AOIs. Onroute image of junction displayed below.

Areas of interest were defined for each navigatiojunction (displayed
in Table5-3) prior to commencing eye-tracking analysis Pre-defined
areas of interest(AOI) for route 1, junction 4 consistedof the in-car
passenger, left wing mirror, house/church spire (on left)rear-view
mirror, houses (directlyahead of the driver), roadway, houses/hedge
(on right), right wing mirror, Satnav, in-vehicle dashParticipant dwell
and mean fixation times within each of these areas of interest were

then comparedacross experimentalconditions.
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Sathav

Informed Passenger

Collaborative

Figure 5-6 Heat map representations of the average fixation times of ~ Satnav,
Informed Passenger and Collaborative participants at Route 1 Junction 4
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A KruskalWallis test was conduted to see if there were any
differences across experimental conditions (SatNav, Informed
Passenger, Collaborative) in the dwell and mean fixation times of
participants, within the pre-defined AOIs Distributions of dwell and
mean fixation times were not $milar for all experimental conditions,

as assessed by visual inspection of a boxplot. Participant dwell times
were statistically significantly different between experimental
conditions within the hedgeR (2) = 26.42, p = <.001, church spireR
(2) =17.66, p = <.001,and houseR® (2) = 9.48, p = <.001 AOls.
3OAOANOGAT O1 Uh DPAEOXEOA AT I PAOEOIT O xAO
(1964) procedure with a Bonferroni correction for multiple
comparisons. This post hoc analysis revealed the following statistically

significant differences:

Area of interest: Hedge z Statistically significant differenceswere
found betweenthe dwell times of participants (within the hedge AOI)
in the Collaborative £9.45) andSatNav (6.50) (P = <.001) condition
and the informed passeger (22.6) and SatNav condition (P =.001),
but not between the collaborative and informed passenger conditions.
Area of interest: Church spire - Statistically significant differences
were found between the dwell times of participants (within thechurch
spire AOI) in the Collaborative 22.27) andSatNav 8.67) (P =.009)
conditions and the informed passenger (8.13) and SatNav conditiois
(P <.001), but not between the collaborative and informed passenger
conditions.

Area of interest: Houses - Statistically significant differences were
found between the dwell times of participants (within the houses AOI)
in the Informed Passengef24.70) and SatNav {2.09) (P = .0(0r)

conditions, but not betweenany other group combination.

A KruskalWallis test also revealed that participant mean fixation

times were statistically significantly different between experimental

conditions within the hedgeR® (2) = 9.42, p = .009 and church spire

R (2) = 11.73 p = .003 AOIs. Subsequently, pairwise comparisons

werA DAOAZI O AA OOGET C $01180 jpwetq HOI A,
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correction for multiple comparisons. This post hoc analysis revealed

the following statistically significant differences:

Area of interest: Hedge z Statistically significant differences were
found between the mean fixation times of participants (within the
hedge AOI) in the Collaborative (26.82) and SatNav (12.73) (P =.008)
conditions, but not betweenany other group combination.

Area of interest: Church spire - Statistically significant differences
were found between the mean fixation times of participants (within

the church spire AOI) in the Collaborative (8.18) and SatNav {1.27)

(P =.0@) conditions and the informed passenger (3.77) and SatNav
conditions (P < .aL1), but not between thecollaborative and informed

passenger conditions.
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5.5.2 Route 1z Junction 6

Rearview
L "
ouses

Figure 5-7: Representative image of on -route junction, displaying pre -defined
AOIs. Onroute image of junction displayed below.

Pre-defined areas of interest (AOI) for route 1, junction 6 consisted of:
the in-car passenger, left wing mirror, residential home (on left);ear-
view mirror, houses (directly ahead of the driver), roadway,
lamppost/tree (on right), right wing mirror, Satnav, invehicle dash.
Participant dwell and mean fixation times within each of these areas of
interest were compared across experimental condition (SatNav,

Informed Passenger, Collaborative).
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Sathav

Informed Passenger

Collaborative

Figure 5-8 Heat map representations of the average fixation times of Satnav,
Informed Passenger and Collaborative participants at Route 1 Junction 6
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A KruskalWallis test was conducted to see if there were gn
differences across experimental conditions (SatNav, Informed
Passengerand Collaborative in the dwell and mean fixation times of
participants, within the pre-defined AQOIs. Distributions of dwell and
mean fixation times were not similar for all experimetal conditions,
as assessed by visual inspection of a boxplot. Participant dwell times
were statistically significantly different between experimental
conditions withinthe I A1 B BA(2D£6.52, p = .038, passenger?
(2) = 9.64, p = .008, Dash R (2) = 6.66, p =.036, and housesR (2) =
11.43, p = .003AO0lIs. Subsequently, pairwise comparisons were
PAOAN Of AA OOETC $01180 jpwetrq DOT AAADGOD
correction for multiple comparisons. This post hoc analysis revealed

the following statistically significant differences:

Area of interest: lamppost z Statistically significant differences were
found between the dwell times of participants (within the lamppost
AOI) in the Collaborative (25.18) and SatNav (17.31) (P = .050)
conditions but not between ary other group combination.

Area of interest: Passenger - Statistically significant differences
were found between the dwell times of participants (within the
passenger AOI) in the Collaborative (26.14) and SatNav (15.50) (P =
.006) conditions but not between any other group combination.

Area of interest: Dash - Statistically significant differences were
found between the dwell times of participants (within thedashAOl) in
the Informed Passenge(24.23) and Collaborative (13.68) (P = .(B0)
conditions, but not between any other group combination.

Area of interest: Houses - Statistically significant differences were
found between the dwell times of participants (within thehousesAOI)
in the Collaborative (26.14) and SatNavl(1.50) (P = .0®) conditions
and Informed Passenge(22.87) and SatNav (P = .®5) conditions, but

not between any other group combination.

A KruskalWallis test also revealed that participant mean fixation
times were statistically significantly different between experimental
conditions within the passenger® (2) = 8.91, p = .012and dashR (2)

=6.77, p = .034 AOIs. Subsequently, pairwise comparisons were
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PAOAE O AR OOEI C $01T180 jpwetrq POI AAADBO
correction for multiple comparisons. This post hoc analysis revealed

the following statistically significant differences:

Area of interest: Passenger z Statistically significant differences

were found between the mean fixation times of participants (within

the passenger AOI) in the Collaborative (25.77) and SatNav (15.50) (P
= .009) conditions, but not betweerany other group combination.

Area of interest: Dash - Statistically significant differences were

found between the mean fixation times of participants (within the

dash AOQI) in the Informed Passenger (24.33) and Collaborative
(13.68) (P =.028) conditions, but nobetween any other group

combination.
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5.5.3 Route 2z Junction 2

\

Figure 5-9: Representative image of on -route junction, displaying pre -defined
AOIs. Onroute image of junction displayed below.

Pre-defined areas of interes (AQOI) for route 2, junction 2 consisted of:
the in-car passenger, left wing mirror, pub (on left)rear-view mirror,
roundabout/tree (directly ahead of the driver), signs (on right), right
wing mirror, Satnav, invehicle dash Participant dwell and mean
fixation times within each of these areas of interest were compared
across experimental conditions (SatNav, Informed Passengand

Collaborative).
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Satnhav

Informed Passenger

Collaborative

Figure 5-10 Heat map representations of the average fixation times of ~ Satnav,
Informed Passenger and Collaborative participants at Route 2 Junction 2
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A KruskalWallis test was conducted to see if there were any
differences across experimental conditions (SatNav, Infared
Passenger, Collaborative) in the dwell and mean fixation times of
participants, within the pre-defined AQOIs. Distributions of dwell and
mean fixation times were not similar for all experimental conditions,
as assessed by visual inspection of a boxpl&tarticipant dwell times
were statistically significantly different between experimental
conditions within the roadway ?2(2) = 17.40, p =<.001, signsR (2) =
6.51, p = .039, tree R(2) = 20.92, p =<.001, and pub R (2) = 21.55,
p = <.001 AOIs.Subsequently, pairwise comparisons were performed
BOET C $061180 jpwerq DOI ARAOOA xEOE A "
multiple comparisons. This post hoc analysis revealed the following

statistically significant differences:

Area of interest: Roadway z Statistically significant differences were
found between the dwell times of participants (within the roadway
AQI) in the SatNav (29.54) and Collaborativél1.20) (P = <0.01)
conditions and the SatNav and Informed Passenger (16.33) (P = .005)
conditions, but not between any other group combination.

Area of interest: Signs- Statistically significant differences were
found between the dwell times of participants (within the signs AOI)
in the Collaborative (26.60) and SatNav (1%7) (P = .®%3) conditions
but not between any other group combination.

Area of interest: Tree - Statistically significant differences were
found between the dwell times of participants (within thetree AOI) in
the Collaborative(26.30) and SatNav (8.12) conditiongP =<.001)
conditions, and Informed Passenger (24.83) and SatNav conditior{®
=<.001) but not between any other group combination.

Area of interest: Pub - Statistically significant differences were found
between the dwell times of participants (within thepub AOI) in the
Collaborative (24.40) and SatNav 7.96) (P = .0Q) conditions and
Informed Passenger(26.23) and SatNav(P =<.001) conditions, but not

between any other group combination.

A KruskalWallis test was also run to determine if there were

differences in the mean fiation times of participants between

149



CHAPTERS: RESULTSPERFORMANCE AND WORBED MEASURES

experimental conditions (SatNav, Informed Passengeand
Collaborative). Distributions of mean fixation scores were not similar
for all groups, as assessed by visual inspection of a boxplot. The mean
rank of mean fixation scoreswas not statistically significantly different

between groups for all pre-defined AOIs.

5.5.4 Route 2z Junction 4

RearViewMirror

Figure 5-11: Representative image of on -route junction, displaying pre -
defined AOIs. Onroute image of junction displayed below.

Pre-defined areas of interest (AOI) for route 2, junction 4 consisted of:
the in-car passenger, left wing mirror, signs (on left), traffic lights (on
left), rear-view mirror, roadway, block of flats (on ridnt), right wing
mirror, Satnav, invehicle dash Participant dwell and mean fixation
times within each of these areas of interest were compared across
experimental conditions (SatNav, Informed Passenger, Collaborative).

150



CHAPTERS: RESULTSPERFORMANCE AND WORBED MEASURES

Sathav

Informed Passenger

Collabor ative

Figure 5-12 Heat map representations of the average fixation times of ~ Satnav,
Informed Passenger and Collaborative participants at Route 2 Junction 4
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A KruskalWallis test was conducted to see if ther were any
differences across experimental conditions (SatNav, Informed
Passengerand Collaborative in the dwell and mean fixation times of
participants, within the pre-defined AQOIs. Distributions of dwell and
mean fixation times were not similar for all experimental conditions,
as assessed by visual inspection of a boxplot. Participant dwell times
were statistically significantly different between experimental
conditions within the traffic lights R (2) =9.46, p = .009, roadway ?2
(2) = 9.42, p =.009, flats R (2) = 10.91, p = .004 and right wing ?2

(2) = 7.16, p = .028 AOIs. Subsequently, pairwise coparisons were
PAOEI Of AA OOETC $01180 jpwetrq DOT AAADOD
correction for multiple comparisons. This post hoc analysis revealed

the following statistically significant differences:

Area of interest: Traffic lights z Statistically significant differences
were found between the dwell times of participants (within thetraffic
lights AOI) in the Collaborative(25.08) and SatNav (12.23(P = .014)
conditions and the Informed Passenger (22.86) SatNav (P =.044)
conditions, but not between any other group combination.

Area of interest: Roadway - Statistically significant differences were
found between the dwell times of participants (within the roadway
AOI) in the SatNav (25.00) and Collaborative (11.75) (P = .011)
conditions but not between any other group combination.

Area of interest: Flats- Statistically significant differences were found
between the dwell times of participants (within the flats AOI) in the
Collaborative (25.75) and SatNav (11.92) conditiongP =.005)
conditions, and Informed Passenger (22.57) and SatNav conditiori®
=.038) but not between any other group combination.

Area of interest: Right -wing - Statistically significant differences
were found between the dwell times of participants (within the ight-
wing AOI) in the Collaborative (23.33) and SatNav (13.85) (P =.050)

conditions, but not between any other group combination.

A KruskalWallis test also revealed that participant mean fixation
times were statistically significantly different between eperimental
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conditions within the flats R (2) = 7.51, p = .023,$ A O&2) 27.80, p

=.020, and right -wing R (2) = 6.89, p = .032 AOlIs. Subsequently,
DAEOxEOA Al i PAOEOI T O xAOA DAOA&I Of AA
with a Bonferroni correction for multiple comparisons. This post hoc

analysis revealed the following statistically significant differences:

Area of interest: Flats z Statistically significant differences were
found between themean fixationtimes of participants (within the flats
AOI) in theCollaborative 25.42) and SatNav (13.54) (P =.022)
conditions, but not between any other group combination.

Area of interest: Dash - Statistically significant differences were
found between themean fixationtimes of participants (within the
dash AOQI) inthe Informed Passenger (26.54) and Collaborative
(15.12) (P = .028) conditionsput not between any other group
combination.

Area of interest: Right wing - Statistically significant differences
were found between themean fixationtimes of participants (within
the right wing AOI) in thecollaborative (22.33) andSatNav (14.00)
and (P = .044)conditions, but notbetween any other group

combination.

153



CHAPTERS: RESULTSPERFORMANCE AND WORBED MEASURES

5.5.5Route 27 Junction 7

ok
Round ee
f o aq

Petro Statio

ghtwind

Passenger

Figure 5-13: Representative image of on -route junction, displaying pre -
defined AOIs. On-route image of junction displayed below.

Pre-defined areas of interest (AOI) for route 2, junction 7 consisted of:
the in-car passenger, left wing mirror, petrol station (on left), ear-
view mirror, roundabout/tree (directly ahead of the driver), rear-view
mirror, roadway, Clifton village (on right), right wing mirror, Satnav,
in-vehicle dash.Participant dwell and mean fixation times within each
of these areas of interest wereompared across experimental

conditions (SatNav, Informed Passenger, Collaborative).
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Satnhav

Informed Passenger

Collaborative

Figure 5-14 Heat map representations of the average fixation times of ~ Satnav,
Informed Passenger and Collaborative participants at Route 2 Junction 7
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A KruskalWallis test was conducted to see if there were any
differences across experimental conditions (SatNav, Informed
Passenger, Collaborative) in the dwell and mean fixation timexf
participants, within the pre-defined AQOIs. Distributions of dwell and
mean fixation times were not similar for all experimental conditions,
as assessed by visual inspection of a boxplot. Participant dwell times
were statistically significantly different between experimental
conditions withinthe # 1 E £O1 1 2(2p £20.73ApG=A.0CL,
roundabout R (2) = 19.47, p = <.001AOIs. Subsequently, pairwise
Al T PAOEOI T O xAOA PAOAI Oi AA OOEIT C 3$0118
Bonferroni correction for multiple comparisons. This post hoc analysis

revealed the following statistically significant differences:

Area of interest: Clifton village z Statistically significant differences
were found between the dwell times of participants (withinthe Clifton
village AOI) in the Collaborative (31.36) and SatNav {0.85) (P =
<.001) conditions and theCollaborative andinformed Passenger
(18.21) (P = .@LO) conditions, but not between any other group
combination.

Area of interest: Roundabout - Statistically significantdifferences
were found between the dwell times of participants (within the
roundabout AOI) in the Collaborative(27.91) and the SatNav (8.85){P
=<.001) conditions and the Informed passenger (22.79) and SatNav

conditions (P = .003)but not between any oher group combination.

A KruskalWallis test also revealed that participant mean fixation

times were statistically significantly different between experimental

conditions within the Clifton village R (2) = 7.031, p = .030 AOI.

Subsequently, pairwise comp® EOT 1 O xAOA DPAOA&I Oi AA OOE
(1964) procedure with a Bonferroni correction for multiple

comparisons. This post hoc analysis revealed the following statistically

significant differences

Area of interest: Clifton village z Statistically significant differences

were found between the mean fixation times of participants (within
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the Clifton village AOI) in theCollaborative (26.91) and SatNav (15.77)

(P = .042) conditions but not between any other group combination.

5.6 SUMMARY OPERFORMANECANDNORKLOAD DATA

5.6.1 Navigational errors
Participants in the informed passenger condition made significantly
fewer navigational errors, across drives one and two, than participants
in the SatNav condition. Whilst there was a trend for fewer errors in
the cdlaborative condition (compared to SatNav participantsthere
were no statistically significant differences across any further

combinations of experimental conditions

5.6.2 Nasa TLX measures
Statistical analyses revealed no significant differences in thgerceived
workload of participants. This was trueacross experimental

conditions, on both drives one and two.

However, statistical analyses revealed a significant drop in participant
perceived workload within experimental condition, from drive one to
drive two in the SatNav and Collaborative condition. This means that
participants in the SatNav and Collaborative conditions, perceived

their workload to be significantly lesson their second, final drive.

5.6.3TDT Measures
Statistical analyses revealed no sitficant differences in the
percentageof missed TDT impulses across experimental conditigron
both experimental drives. Therefore, participants missed a statistically
similar number of TDT impulses across SatNav, informed Passenger

and Collaborative condgtions.

Similarly, statistical analyses revealed no significant differences in the
reaction time of participants towards the onset of a TDT impulseon
both experimental drives. Therefore, participants reaction time
towards the onset of TDT impulses was atistically similar across

SatNav, informed Passenger and Collaborative conditions.
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However, statistical analyses revealed a significant drop in participant
objective workload within experimental condition, from drive one to
drive two in the Informed passenger and Collaborative conditions.
This means that participants in the Informed Passenger and
Collaborative conditions, experienced a significant reduction in
objective workload on their second, final drive. This reduction in
workload allowed participants to respond to significantly more haptic
stimuli (informed passenger & collaborative participants) and also
meant that their responses toward haptic TDT stimuli were
significantly quicker (informed passenger participants) on their

second experimentaldrive.

5.6.4 Eye tracking measures
Eye tracking measures are presented in table-5 on the following
page a significant result is denoted by an asterisk. With the direction
of the result indicted along the rowwhich was found to have the
significantly longer dwell or mean fixation time. For example, within
table 5-4 below, on route 1, junction 6and collaborative participants
were found, on averagdo have significantly longer dwell and mean
fixation times (in the passenger AOI}han participants in the Satnav

condition.

Junction/Experi- Passenger
mental condition
[ Dwell [ MF
Route 1 | Satnav - -
Junction IP - -
4 Collab - -
Route 1 | Satnav - -
Junction P = =
6 Collab | *SN | *SN

Table 5-4 Example table of significant results within eye tracking data
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Area of interest
Junction/Experi- Passenger Left wing Left Rear-view Forward Roadway Right Right wing Dash
mental condition landmark mirror landmark landmark
[ Dwell [ MF | Dwell | MF | Dwell | MF_ | Dwell [ MF | Dwell | MF_ | Dwell [ MF | Dwell | MF__ | Dwell [ MF_| Dwell | MF
Route 1 | Satnav - - - - - - - - - - o o - - - - B -
Junction IP - - - - *SN | *SN - - *SN - - - *SN - - - - -
4 Collab - - - - *SN | *SN - - - - - - *SN *SN - - - -
Route 1 | Satnav - - - - - - - - - - - - - - - - - -
Junction IP - - - - - - = o *GN = - - - - _ R *CP *CP
6 Collab | *SN | *SN - - *SN - - - *SN - - - - - - - - -
Route 2 | Satnav - - - - - - - - - - *CP& o = - - - - -
Junction 1P
2 IP - - - - *SN - - - *SN - - - *SN - - - - -
Collab - - - - *SN - - - *SN - - - *SN - - - - -
Route 2 | Satnav - - - - - - - - - - *CP - - - - - - -
Junction IP - - - - *SN - - = o - - - *QN - - - - *CP
4 Collab - - - - *SN - - - - - - - *SN *SN *SN | *SN - -
Route 2 | Satnav - - - - - - - = = = o o - - - - - -
Junction IP - - - - - - - - *SN - - - - - - - - -
7 Collab - - - - - - - - *SN - - - *SN& | *SN - - - -
IP

Table 5-5 Eyetracking results by navigational junction. Significant result indicted by an * , with the direction of result provided along
significantly longer Dwell or mean fixation time

the row with the
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#! 04 @8%35.,0838) 6 %2 ! ' %- %. 4

- %! 352 %3

6.1INTRODUCTION

A corpus of environmental engagement tests were administered to
participants upon completion of the final, second drive based on
previous research (as discussed in chapter 3Here, participants
completed image sorting and ordering tasks in additioo drawing a
sketch of the onroad environment which theyhad traversed orntroute.
The results of these tests provided an indication of the participan&s
acquired landmark, route and survey knowledge respectivelyA
summary of each of tle environmental knowledge assessment
methods utilised within this thesisis provided in table 6-1 on the

following page:
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Table 6-1 Summary of the environmental knowledge assessments utilised as part of this thesis
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