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THESIS ABSTRACT

Background

Increasing the levels of walking for transport is a widespread urban policy goal, aligning with actions
relatedto climate change, public health, equity of access and participagiothmore liveable cities.

The walking environment (WE), includitig built environment, traffic, public transporaind street

life, is known to be associated wittalking behaviouthrough the filter of peopl& perceptions

Ahistoric lack of interestitt Y R Rl GF | 62dzi dza SNE Q S EHaBig@sSy OSa |
however the improvement athe WE. Indeed, there is no consensus on the deterrents to walking,

and how they vary aosspeople

Methods

This research aims ta)(better understand what constitutes barriers to walking in a@amtric
environment, for divers@eople (b) examine how professionals active in the deliverthefWE
understandpeopleQ Yy S S tRepriaritiédior retrofit; and €) provide insights both to research
(development of the theoretical model of walking) and practice (inputs regarding improvement of
the WE).

Thisresearch is based imimaki Makauraw; Auckland, Aotearog New Zealand, a city of 1thillion
designed predominantly around the use of private vehicles. The theoretical frameaorkd by the
PhD candidat¢he Social Model of Walkabilityasidentified from previous research aridrther

developed throughout the project.

Methods included: two literature reviews; a quantitative analysis of associations between perceived
walkability and walking levels; content analysis exploring perceived barriers to walking (interviews

and inputs from Ciien Scientists); characterisation of barriers reported by participants using

objective measures; triangulation of experienced barriers, measures and recommendations from

J3dZA RSt AYySAT YR GKS GKSYFGAO |yl &adatd. 2 F LINR FS:
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Results

The findings include important aspects for both further research and the urban design, transport

planning and public health practices. Namely:

A

The importance of considering walking within the broader transport systerthe findings

suggestd the importance of the use of public transport and of the perceptions of wadsng
compared toother availablealternatives on walkingbehaviour.

Characterisation of barrier¢hat can discourage peopfeom walking to destinations that

they perceive a being within a walkable distance.

Insights into the moderating role of disabilitin the associations betweeobjectively

measuredWE, pereived walkability, and behaviour

Gaps in local and international guidelineslative to identifying barriers to alking.

t NEPFSaaArzylfaQ | IANBRYSWias NBYOR yBEARIEATI N RY SKiBa

Conclusion

Thisthesiscontributednew knowledgeaegardingbarriers towalkingas perceived bypon-disabled

and disablegeople, objectively measuredgescribed in technical guidelines, and understood by

professionalsAssociations and misalignments wenetlined,and recommendations were mader

research and the practice. Findings include practical insights that can help prioritise rettb&t\WE

Ay
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Chapter 1: Introduction

CHAPTER 1: INTRODUCTION

This introduction first briefly describes the background of this thesis, examining the challenges it
focuses onSecond, it sitates the thesis, presenting its theoretical framing and the consensus and
disagreements observed in previous evidence. Third, an overview of the study context and setting is
provided. Fourth, a rationale for the thesis is laid out, including a problerarstt, the direction

and scope of the work, the aims, and the research principles and design choices. Lastly, original

contributions areindicated,and the organisation of the thesis is presented.

1 BACKGROUND

From the perspective of global heating, théseurgency to change and decarbonise current-tiay

day patterns such as mobilifg, 3]. In 2017, a benchmarking activity commissgd by the World

.y 1 Q& Susfainable MabRitgfsr Alevealed that not a single country had a mobility system

GKIG O2dz R 6S RSSYSR adzaidl Ay4.0tSs | NBadzZ & RSaC

Cities are acknowledged as key playj@rs, 6]and are embracing the need for chane 7, 8]

2 f1AYy3E Fa GKS Y2ad o0lFaro GNI @St Y2RS I O0Saand
connection to public transport is part of the solutif®y 3]. Street environments supportive of

walking promote healttj9], facilitate participatiorf4] and equalise opportunitied 0], further

leadingto broader benefits such as enhanced wellbdibtj]. However, existing carriented street
environments have been associated with traffic speed, road trauma, difficulties for walking, and
increased driving leading to greenhouse gas emissions, noise, and air pollutiatiffiCh#ies for

walking tend to be highest for disabled and older pedf, and impact most those who do not

have other options. Therefore, existing eaiented environments can contribute to inequities across
different demographic groupid 2¢14]. Disabled people are one ofdke groups, facing more acute

barriers to walking than the rest of the populatigt®, 15, 16]
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It is acknowledged that built environments need ® fetrofitted to support walking?], and it is

suggested that this retrofit should focus on rewig existing barrierfl3, 14Jand imprad A y 3 dzi S NA ¢
experiencegl7¢19]. Delivering change requires addressing imégs of access that

disproportionately affect some demographic groups (namely poor, older, disabled, LGBTIQ+, and

ethnic minorities}12, 20] Howeveri KSNBX A& O2y OSNYy NB I NRAy3I GKS
experiences are understod@0¢22], due in part taa historical lack of interest for evidence regarding

the barriers to walking experienced by diverse pedp 20]

The broad benefits of walking are well established, particulartgrims of equity of acceg&l, 23];
social and economic participatigh6, 24;27]; physical activit and health16, 28;31]; and urban
economic efficiency32, 33] A modal shift from driving to walking, for short urban trips, would also

align with the current urgency to decarbonise urban mob[Rly

A shift towards cities where walking is incentivised is visible in strategy documents. Both are for
instance strongly promoted by C40 Cities, a world network of cities committed to addressing climate
charge[5]. C40 Cities stresses the need of a mdilthensional approach encompassing

improvements of public transport (PT) systefBk In its 2019City Declaration: "The New Paradigm

for Safe City Streets” (1 KS 9dzNRLISIY ySGe2N] 2F OAGASE th[L{

environments that encouragealking for everyone, regardless of age or abjBly

However, urban areas have been influenced with decades of planning and design having prioritised
traffic volumes and speed$hese environments have continued negative impacts in terms of road
trauma|[34, 35] noise[4, 36] and air pollution37¢39] and present significant barriers to walking

[16, 20, 24, 4€42]. Thus, walking environments (WE) in inherited;@amtriccities, can be largely

non-walkable.

The difficulties for walking in carriented cities tend to impact most on those who lack travel options
and/or have higher accessibility negdd, 12, 20] Therefore, existing environments can contribute

to inequities across demographic groups and locatjadg14].
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2 THIS THESIS

This thesis was motivated by the following factors:

A sense of urgency for ahge
A need and potentials for greener and more inclusive cities

The idea of walking as a universal mode of transport

= = 4 =1

The existence of environmental features that can deter walking or make it a stressful or
dangerous experience
1 Evidence gaps relative tepple experiencing barriers to walking and the nature of those

barriers
1 A l4year career in transport planning oriented towards alternatives to car, in Switzerland,
Argentina, anddotearoaNew Zealand. This firsiand experience of industry standards and
mMSGK2Ra AYALANBR NBaSIFNOK (GKFG ¢g2dAZ R KSt LI I

pragmatic insights that can support the effort to retrofit urban environments.

2.1Theoretical framing

The thesis draws from two theoretical frameworks: ®BecieEcological ameworkand theSocial
Model of Disability

TheSocieEcological Frameworls widely accepted as a sound theoretical approach to
understanding healthielated behaviours in generf21, 43] The framework is helpful because it
articulates multipé levels of influences on individual choickdluential factorsbelong to different
dimensionsindividual; social/cultural; organisational; communiglated; physical environment; and
policy[43¢45]. TheSocicEcological Framewoik on purpose higlevel, aiming to explain

conceptuallydifferent types of healtkrelated behaviour$44].

TheSocia Model of Disabilitydefines disability as a manade notion calling for a critical
assessment of inherited infrastructures and systems towards an evideamed retrofit accessible to
all[46]. This idea wafirst framed by disability advocates and was at the origin of the now widely
acceptedSocial Model of Disabilif#6, 47] In 1976, the Union of the Physically Impaired Against
Segregation (UPIAS) stated that:

[ U] i trytograspitieedistincioa between the physical impairment and the social situation, ¢
'disability’, of people with such impairment. Thus we define impairment as lacking part of or all of e
or having a defective limb, organ or mechanmdygfahd disability as the disadvantage or
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restriction of activity caused by a contemporary social organisation which takes no or little accoun
people who have physical impairments and thus excludes them from participation in the mainstree

sociactivities. Physical disability is therefore a particular form of socipd&ppression.

2.2How to enable arehcourage walking: elements of consensus

Research has focused d¢row to leverage walking in urban areagspecially since the m20D00s.
Elements of consensus now exist regarding the theoretical framework and basic dimensions of

walkability.

Alfonzo kickstarted in 2005 the development of a specific model for walking, withinSbeio

Ecological Framewofl3]. Alfonzoposited that perceptions, as well as indiwdl, social, and trip
characteristics mediate the association between built environment and wé#8jgFurther, Alfonzo
theorised perceptions as a hierarchy SRSAGNA Y ySSR&as NBFSNNAy3I (2
needs[43]. The posited pedestrian needs range from basic requirements (feasibility, accessibility,

and saéty) to a higher order needs (comfort and pleasyrs)]. The perceived satisfaction of the

pedestrian needs becomes synonym of perceived walkability.

I £ F 2 yrdtig@tin vilad a response to the observation that the existing evidence presents
G2PSNBAYLIE ATASR NBfIIGA2yaKALA 0SG6SSy Go2 O NAI
utility) as they are not part of a dynamic, theoretical model inforgniine walking decisiemaking

LINE O B3 arisémodel buils on previous works explaining walking behaviptfc51] and aligns

witha SKNI 0 A I Yy inffuéntiahAppiioach fo Ervisonmental Psycholpliyking

environments to behaviours through the moderating effect of emotions or percepikizis

I £ T 2 siddewra identified early in the thésas a promising theoretical developmenamely

through the work of Forsytfe1]. Atthe start2 ¥ (1 KS (i K Sribdetnad uridérgoie irhitedQ &

testing and development: Mehta clarified the distinction between objective features and perceived

walkability[53]. Further, Buckley and colleagues examined the role of individual motiv4&dns

A certain consensus applies also to twasic dimensions of walkabilityfirstly, destinations

available within a walkable distanf22,55,56p y 2 i Ay 3 GKIF G0 (GKS y20A2y 27
vary across people). Secondhlkability requires a certain lack of safety issues or barriers to access

as perceived by peopl#6, 21, 22, 27, 57, 58The question of what constitutes barriers to access

and how this varies across people is still debdti€d] 21, 24] However, researchers tend to agree

that caroriented environments can cause major challeng#s 27]and discriminate against

disabled peoplg16, 22,57,572 NJ 1 K24S dzyl 6f S G2 GBBE LIS¢ (K248
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2.3How to enable and encourage walking: lack of consensus

While a significant body of research has reached the elements of consensus above, there is still no
agreement on the importance of the quality of WE and the ways it midluence the experience

and choice of walkinfg0¢22,55[p C2 NJ Ayadl yOSz CNryl FyR O2fttSI 3
the associations betwen urban form and physical activity considered only high level factors-(land

use mix, residential density, and street connectity NB ¥ S NN, Bquatiy ndtwiork buéfeBsé

G2 aGKS NBF (KFG LIS2LX S KL (600OWhile the Guihde rioted® | O O ¢
that the availability of footpaths might be an important predictor, it was not clear how ntlueh

guality of street environments mattered (and to what extent it could make some destinations

Ayl 0O0SaaArof Sy |fiK2dzaK f 260 AutBdrs ae haivKalligg for bette | £ 1 | «
understanding of the influences gfiality andwaysit influences the choice of (not) walkifgl, 62]
aSKSNI FyR O2ft S| 3dzSa cgb@hipérsofiakKdndienvirdnmeXfislghah§e 2 F A & & c
perceptions of risk and generate safety concerns that may go unseen by people without mobility
impairments, including transport professiona[@0l® wS &SI NOKSNA SElF YAYyAy3d R.
experiences note a dearth of research interesthie barriers they encountel6, 21, 24, 57].

Further, the diversity of disabled peLJt SQa ySSRa I'yR SELISNASyOSa A4
research15, 16, 57pgnd in national transport datf 2].

While it is understood that the same environment can be experienced differently by different people,
there is aack of research into the interplay between individual characteristics and the perceived
importance of certain features or obstaclds$, 57, 62] Further, objective and perceived

OKFNJ OGSNRAGAOE 2F (GKS 29 GSyR (2 0S dzaSR aAYd
YFEGGSNEE FyR (2 LINBRA JaBc6ilR ek is @lladk of evidéndedelyarding | Y R
how objective characteristics of the WE influence the perceptions of walkability across people of

different ages, abilities, and backgrounds
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2 4 Definition of terms and concepts

The definitions of key terms and concepts used throughout the thesis is providedbiel below.

Tablel: Definition of terms and concepts

Term / concept

Definition applied in this thesis

Built environment
(BE)

Encompasses the availability of the destinatidi.e., land use), the networks
allowing the access to destinations (i.e., roads and paths, networks and
connectivity), and the qualities of the street environment (e.g., footpaths, st
trees, architecture). All the components of the BE can be eith@ctive or
perceived (see definitions below). Given that the perceived quality of the B
be influenced by aspects that are not built (e.g., traffic volumes or greenen
notion of Walking Environment (WE)as preferred in this thesis from Chapte
onwards.

Carcentric or car
oriented

Refers to environments designed primarily around the use of private vehicl
The notion can refer to street environments (provision for driving and parkir
constraints to pedestrian movemesittraffic volumes and noise) but alsn
urbanform (low density housing or shopping centres accessible mainly by «
urban systems manageme(prioritising for instance the maintenance of
carriageways over the footpather monitoringt Y R LIN2 @A RA y 3
experiences more than for experiences of the users of other mamtgsolicies
and rules (e.ginvestment focusing on infrastructuffer traffic or provision of
GFNBSe LINJAYyAO D

Disability

In line with theSocial Model of Disabilif#6, 47] disability is understood as
resulting from barriers encountered in society, and not an inherent

OKIF NI OGSNRAGAO 2F (GKS LISNBE2Y® ¢ KA
statement that "disability is a situatiocaused by social conditions, which
requires for its elimination[48]. This thesis focuses on ways htmaremove
a20AFffe O2yaidNHzZGSR 0FNNASNAZ |y
technical fixes{f SS |t a2 W!' y24G4S 2y I y3dz 3

Impairment

I GRAYAYAAKYSY (G 2 NJ [B6}ralative2oTnotdr drysedsoy
skils, cognition, or broader mental health. As noted above, this thesis does
F20dza 2y GKS NBlFaz2ya 2N Ll2aaAirof s
factor that can be associated to the risk of being disabled by socially const
barriers.

Objective (O)

Present or measurable characteristics. Used here to describe the BE, WE,
the transport system. O factors are key inputs into the Social Model of
Walkability (see below).

Perceived (P, Pw)

Characteristics as experienced by people. Used heresoribe the BE, WE, al
the transport system. In the Social Model of Walkability (see below), P
characteristics are mediating the relationship between O and walking beha
When perceptions relate specifically to walkability (e.g., feasibility or
convenence of walking), they are noted Pw.

Social Model of
Walkability (the
model)

Theoretical frameworkdentified from previous research, further developed
throughout this thesi@nd underpinimgits empirical studies.
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Term / concept

Definition applied in this thesis

Transport system

TheSociaModel of Walkabilityacknowledges that people might choose to w
or not depending on their satisfaction with the WE, but also with the
comparative satisfaction relative to other modes (e.g., is driving seen as m
convenient or moreeomfortable?). The transport system was included as in,
in the model and encompasses the provision and quality of services of trar
driving, bicycle riding, shared mobility, and micnobility.

User experience
(UX)

UX is how a buzzword in humanompuer interaction and design [63]. Similar
as tech companies focus on UX and its improvements, to sell more device:!
applications, the concept is applied here to the walking experietieethesis
focusing on identifying the factors thatight, in thecurrent state, lead to poor
walking experiencedNegativeUX might include sense of difficulty, stress, or
feelingunsafe

Walkability

Walkability is a complex and debated concept (Ebapter 2. The following
working definition underpins this thesis:

G2l f1lroAtAdGe A& | ljdzftAGe 2F GKS
measured by the ease of daily walking as experienced by people of all age
abilities, and backgrounds. Walking includes the use of any mobility device
person might need. Theeference to the transport system acknowledges
walking as a companion mode of public transport, and public transport as ¢
facilitator and enabler of walking. The assessment of walkability or a lack tl
A&d &4dz2o2SO0GAGS yR SEUSOGSR (2 O N
This definition takes some distance from high leasdessments based déactors
such as landise mix, residential density, and street connectivisggmsed in
2005 by Frank and colleagu@®] and still widely used in research, namely
regarding physical activityde point2.1 Theoretical framingp. 31).

Walking

The verb is understood here irbaoader thanthe Marriam? S6 a4 i SN &
(to move along on foabr making advance by stedé8]). Within this thesis,
walkingencompasses by defawdy mobility device a person might nedzbth
walking for pleasure or transpoviere consideredwith a particular interesin
the latter, givenits potentially necessary nature.g., accessing public transpc
or other essential servicedPublic transport was understood as an enabler o
walking and natural companion mode. Therefore, walks to and fsabiic
transport were included.

Walking behaviour

Encompasses the choice of walkiorgnot, the duration frequencydistance of
walking trips, a well aghe choice of routesA key interest of this thesis was
whether the choice of walking or ntw destinatiors within walkable distance

Walking
environment (WE)

Encompasses BE, natural features, as well as activity, composed of traffic,
walking, oversight from the nearby buildings. All the componeni&/Bfcan be
either objective or perceived.
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25 A note on language

Disability can be conceptualised in ways that can hide the everyday marginalisation, and language is
seen as an important aspect of this procg&83). It is suggested that the language should refer to the
disablement "something that is experienced when people encounter restrictions due to disabling

socal barriers (and/or bodily impairment]69], rather than to the characteristics of a pers{@®,

70]. PeopleF ANB G € I y3dzZ- 3S O0aLISNR2Y 6A0GK RA&AlIOAfAGASAGS
have "abnormal” limitation$70]. This discourseapticipates to the idea that disability is not to be

understood as a complex social and political phenomgi@h Peoplefirst ¢ or personfirst

fFy3dza3S A& aSSy I a LINBaSy[nayNa @yl INFEiflad 2yF3 Li2X
ONHzA 7R S ¢

Researchers and disability advocates suggest to use the termindikegyled p@ple [69¢73]. The
G2NR GRA&lFIOfSRé A& dzaSR F2NJ AyadlyOoS Ay GKS yI

owned by disabled people on social media, sometimes with the hashtag #SayTReWord

The document will differentiate betwen disabled peopleandnon-disabled people whenever

disability is relevant as a characteristic.

3 STUDY CONTEXT AND SETTING

¢KS SYLANRKROLIt & dzRA S-AucladddAziearchgw Zealavid (further:a | 1 I dzNJ dz
1 dzO1 f F YROX bSg %S| rigkity @Qamillior résEedita in 20PDR I NP 4 A

l dzO1t+FyR A& t20FG4SR 2y bSg »%SItlyRQa b2NIK Laftl
{SIrd ¢KS INBI KIFIR 0SSy 200dzLIA B&RS 6 ®dzNIKS @i 2 RALIL
settlements) located on the inactive volcanic cofi&s]. The city was founded by European

colonisers in 1840, first as a military camp and capita]. Auckland has been a growing city ever

since, with a boom in the postar perbd (500,000 habitants in 1975]) and an expansion that

lasted until the 1980s. The growth was characterised by urban sprawl, slum clearance and

gentrification, and was fukdd by a network of roads and motorways developed in large part during

the 1950975]. During this phase, Auckland Council rejected the idea of building a light rail system,

and opened the cabnly Harbour Bridge, connecting the city to a new area of development on the

Northern side of the harboui75]. The focus on infrastructure for traffic led tardependency and

2 For instancehttps://twitter.com/SeeMiaRoll/status/1212941462142369792
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underpinned the low density (in 2006: 1.210 people per square km, a density more than two times

lower than Los Angeles and Sydney, and almost four times lower than LHfs]hn

l dzO1 f F yRQa 3INBgGK O2ylGAydzSaz yR GKS NBIAZ2Yy Aa
residents (+43%) in the 3@ear period until 204876]. Auckland is also an ageing city: it is anticipated

that the number of peple aged 65 and over (currently 11.4¥%the population) is going to be more

than doubled between 2013 and 20§#%]. The ageing population suggests higher future rates of

disability and lower rates of drivirl@7].

3.1Transport system and outcomes

I dzO1 f dargdRtficilevelopment has led to poor quality of street environmefit8] associated

with significant barriers to walking2, 20, 41] Unsurprisingly, &0 1 f  YRSNA Q (N} St A
2y OFNRBR Ay | ¢gle GKIFIG Aa y20 FfAIYSR 6A0GK LIS2 L
once per week while 33% prefer commuting by [@&]; conversely, 10% use PT as a primary mode

vs 28% who declare it as a preferred m¢8@], and walking levels are approximately two times

lower than the declared preference (27%). Aucklanders walk less than 450 m per day for transport,

with an average 00.54 walking for transport trips per d@§1] (compared to for instance 2.7 trips

per day in LondofB2]). Barriers to walking as perceived by mtisabled Aucklanders relate to a

range of isues including walking not being quick enough (39% agreement), feeling unsafe in the dark
(37%), being encumbered (31%), living too far for walking to be practical (26%, 13% for city centre
residents), hills (16%), footpaths condition (12%), or unattractielking routes (8%433]. Barriers

experienced by disabled people are acute and related teistphysical environments and transport

service, including nonavigable or stresgducing environments or insufficient public transpfi®,

20, 84] Thus, disabled people experience wid@mging negative outcomes in terms of inability to

participate, relationship to land, andtimately wellbeing20, 41, 84]

Walking levels are poorlp 2 NNBf G SR ¢ A (0 K K SFigarélfajafyss#onhe Ay | d:
Household Travel Survey data, described in Apper@ixsiiggesting the interplay of other

parameers, hypothesised to include WE quality and barriers to access.
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Walkscore levels and walked trips, HTS 2015-17, Auckland participants
Home addresses only; N=5171; y=10.16 + 0.04 x, p<.01; R2=.01
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The current transport system and travel behaviour in Auckland are associated with unacceptable
levels of road traumg85, 86] major inequities of access impacting mosttbase having a low

income and/or being disablgd2, 20] and consequences inras of climate changg7, 88]and

public health[36, 85, 86] Addressing these outcomes is an important policy objedi®g@ However,
researchers note thatewly developed special housing areas failed to achieseel® modal shift

and intensification, "a disappointing result given the stated Auckland Council ambition to cut carbon
emissions significanthf80]. This aspect links back to the previously identified need of targeted
interventions and raises the question of how infivdzZl £ 8 Q OK2A 0Sa NBfF ISR (2

understood and influenced.
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3.2Auckland as an interesting case study

Investigating_JS 2 Laixgeiedces and perceptions of WE in Auckland is interesting for several
reasons. Firstly, Auckland faces systemidlehges common to many poegtdustrialised cities,
namely the needs to: transform an inherited trafbdented infrastructure, reduce reliance on cars,
reduce transport inequities, and to provide equitable transport options for an ageing population.
Secoml, Auckland has ambitious strategic objectives relative to improving ease of walking and
transport decarbonisatiofi76], in line with visions of other progressive cit[@s Thirdly, there

F LIS NB G2 6S | RA&aO2yySOl 06S0GsSSy LRtAOe 20285«
needs, and delivery of more walkable environmelit3, 80, 89] which are systemic challenges
experienced in other cities as wg0¢92]. Aninterim guidance was publisheadcentlyon the

national level, estimating the value of different aspects of pedestrian ameainhowledging
however that'[t] here is little research examining the valuatioihfactors among subgroups, such as
the disabled or children, who may have substantially different needs as compared to the general

population."[42]

Auckland appears therefore as an interesting ground for examining barriers to wekpegenced
08 RAGSNAS LIS2LX Sz FyR LINRTSaaA 2 yThdfiadhgslciNE LIS O /
contribute to local pratice but alschelp shape recommendations for other cities where walking has

been neglected through traffioriented planning and design.

4 THESIS RATIONALE

4.1Problem statement

As seen above, the WE likely plays a key role in walking as an out€pnating and supporting
walking therefore requires revisiting and adapting the WE. Environmental features deterring from

walking contribute to key current issues, namely climate change, public health, and inequity.

It is suggested that retrofit of inheritedfrastructure should focus in priority on removing existing
barriers[13, 14]F Y R A YLINE @A y 3 [d7419]NThefefod BhiSiNdheBagad Saoritised
improvement of the WE should be based on the understanding of who experidiftieslties of

walking to their destinations or PT stops, and what these difficultieldrel4, 21, 78]

While the research on walkability has made significant progress, the observed lack of consensus
relates precisely to the nature of the bars of access as perceived by diverse people, and the

moderating effects of individual, social, and trglated characteristics
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The problem statements underpinning this research are as follows:

The existing WE can have widenging negative outcomes, @scially in caioriented cities
There is an urgent need to retrofit inherited WE in order to enalold supportwalking

The retrofit should be evideneigased and address the most salient barriers to walking

> > > >

There is no consensus on the natamed objectivecharacteristicof the barriers to walking

as perceived by diverse people

A These associatiorizetween objective features, perceptions, and walking behavévar
expected to vary across individual, social, andtellated characteristics, yet the moderagjn
roles of those characteristics are not clear

A Disabled people are likely to experience highest challenges relative to access. Therefore,

their perspectives are key for equalising accessibility
The research question for ththesis is:

What is the role of the quality of urban walking environment sin walking
trips foregone or negative walking experiences from the perspectives of
disabled and nondisabled people, angbrofessionals involved in delivering
walking environments ?

To answer differentlimensions of the research question, four sub questions were developed:

Question 1  How is the relationship between walking environment and walking behaviour

conceptualised, considering individual, social, andrelated characteristics?

Question 2 What features of thevalkingenvironment contribute to perceived difficulty or
impossibilityof walking to destinations within reachable distance, and how do th

vary between disabled and nafisabled people?

Question 3 To what extent do existing locplanning guidelinesnable the identification of

barriers to walking reported by people?

Question 4  To what extent do practitioners from different disciplines involved in the design
the walking environment and public health agree on the barriers tdiwglin
Auckland, and the priorities and challenges regarding retrofit? What aspects ar
Oz2zyasSyadzd s 6KFIG 20KSNE YA3IKEG 68 Y2

insights?
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4.2Thesis direction and scope

This thesis sought to better understand thssociations between the WE and walking behavand
provide specific feedback to transport and urban design professiohlagsinitial assumption was
that environmental barriers to walking are numerous, complex, systemic, and diverse across
individuals,but not understood well enough to inform an evidendeased improvement of the WE.
Early engagement with local stakeholdéee Appendix 1D) confirmekle need for practical insights
that can supporthe improvement of the WEThe contact with the stakehders was maintained

through the thesis, providing feedbaok the results and findingsee Appendix 1E).

The thesis firstlgstablishegbased on a review of existing literatyee preliminary version of a
theoretical model linking the WE to walking behavidtiie model was hamed he&ocial Model of
Walkability(draft theoretical model)Componentf the model were further developed through a

second literature review anthe sulsequentquantitative and qualitative analyses.

4.3Thesis aims

Five specific aims were formulated to answer the research questions and guide the specific studies as

presented below. At the end of the introduction, specific studies are presemgadhst the aim(s)

they contribute to.

A AMLLRSY(GATe aaz20AldA2ya 0S0GsSSy LIS2LX SQa
considering individual characteristics and the use of public transport

A Aim 2 Identify features of the WE that can be perceiasddifficulties or barriers to walking,
comparing findings for disabled and ndisabled people

A Aim 3 Characterise objectively barriers to walking as reported by people, and compare the
results with best practice and local guidelines

A Aim 4 Test and devep the draft theoretical model (Social Model of Walkability) through
the findings

A Am5Y 9EIYAYS K2g LINRPTSaaAiz2ylta dyRSNERGEYR dz

challenges, and evidence gaps for delivering quality WE in-@riested city

The stulies were designed as a sequence, each building on the last. All studies revolved around the
model, its development and testing, with a particular focus on the barriers to walking. The first two
studies examined international peeeviewed publications, wite the four empirical studies focused

on Auckland. The aims, data, and analyses for each study are preseiiaiolé@d below.
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Table2: Studies, data, and analyses

Study

Methods and data

Literature review examining how links between

the WE and walking behaviour are conceptualisec

and evidenced

Systematic umbrella review; data: publist
peer-reviewed evidence

Literature review reporting the associations

0SG6SSy aLISOATAO
perceptions of walkability

29

OK

Systematic umbrella review; data: publist
peer-reviewed evidence

Quantitative study identifying associations
betweenlLJS 2 L) S Q&
walking levels, considering individual

LISND S LJG A 2

characteristics and the use of public transport

Use of machine learning to predict walkin
levels based on perceptions of the WE ar
individual characteristics. Data: secondar
data, Auckland Transport Active Modes
Survey

Naturalistic inquiry examining motivators and

barriers to walking, comparing disabled and nen

disabled people

Interview data, site visits, and content
analysis

Characterisation of the barriers to walking as
reported by people, and comparison of the results

with best practice and local guidelines

Choice of ad hoc metrics for each type of
barriers, data collection (desktop and in
situ), search for a minimal quantitative
definition of each type of barrier and
qualitative comparison with
recommendations from guidelines and be
practice

la3aSaavySya 27
dzASNBQ ySSRa:x

LINRPFSaaa
LINA 2 NR& G A

gaps for delivering quality WE in a cariented city

Online survey, focus group, andntent
analysis

Inquiry into motivators and barriers to walking as

reported spontaneously by disabled and nen

disabled participants

Use of participatory action research (Citiz
Science), where participants collected
insights from their neighbourhoodsputent
analysis
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4.4 Original contributions

This thesis resulted in six original contributions to knowledge:

1. The theoretical model linking WE to walking behavielihe Social Model of Walkability
wastested anddevelopedthrough four studies examining its different characteristics. The

role of the broader transport system was namely specified.

2. Thekey importance of the broader transport systewn walking levelsvasidentified,
noting the importance operceiving walkings compared t@lternatives and the synergies
with public transport. This investigation also showed potentials of machine learning for the
investigation of complex phenomena and the problem of dealing with a large number of
potential explanatory variablesr@senting multiple pairwise associations.

3.t S21LJ SQa LISNELISOGAGSa ¢SNB f SOS NhdESRarel 2
difficulties experienced by disabled and rdisabled participants, using both interviews and

Citizen Science.

4. Critical bariers were objectively characteriseddentifying the most helpful metrics and
establishing numeric thresholds beyond which an environmental feature such as a non

signalised intersection can be perceived as a barrier to walking.

5. Design guideline§93, 94]and the Healthy Streets approad®5] were critically examinedn
the light of the identified barriers to walkingputlining misalignments, or: cases reported by
people as nofwalkable but considered conform by the practice. This contribution can
directly assist with the development of guidelines that are more indife i K dza S N& Q

experiences.

6. The systemic complexity and the challenges of delivering walkable environments were
tested with professionals from a range of disciplines, identifying systemic barriers to

implementation and suggesting pragmatic directions to addieg them.
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45 Research principles and design choices

The thesis builds on three key principles. First, the thesis questions what matters, and in particular:

what WE features can discourage walking or make it a difficult experience. This stance st@=edi

from noted tendencies to assume what matters and then test these assumgé8hsSecond, all
investigations are contextualised using theft Social Model of Walkabilignd are used to further

develop the model. This means renouncing the examination of assodditween two variables

(e.g., a feature of the WE and a perception) without considering the context (e.g., individual
characteristics). Third, WE isreal®iyk SO1 SR o6l &SR 2y LJS2 L)X SQ& LISNDSL
what is perceived as difficult oon-walkable and providing pragmatic insights for improving design.

All three principles explore perspectives seen as both promising and usee€l; in the current

walkability research landscape, and therefore bring elements of originality.

Important desig decisions regarding data gathering and analysis conditioned the scope of the

different studies and of the thesis as a whole. First, previous evidence and research gaps were
summarised using two umbrella literature reviews. A first umbrella review (ch&ptexamined how

links between WE and walking behaviour are conceptualised and evidenced. A second umbrella

review (chapter 3) summarised the evidence on the associations between specific WE characteristics
YR LIS2 L) SQa LISNDS LI fell yediewan&thodolofy Wasahosen dudted ¢ KS  dz
utility in addressing broad questions and outlining research ¢2gjs The choice also acknowledged

that a number of specific reviews had been published recently on the topic, enabling the reviews
presented in this thesis to build on their findings, and to examine critically research needs to which

this thesis could contributdzor the empirical studieshe decisions were motivated by the aim(s)

each study targeted, presented Trable3 below.
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Table3: Empirical studies and aims they are coifitnting to

Empirical studie
Aims Quant UX WE Pro CS

LRSYGATFe aaz20AldA2ya oSl
WE and walking levels, considering individual
characteristics and the use of public transport

Identify features of the WE that céae perceived as
difficulties or barriers to walking, comparing disabled ar
non-disabled people

Characterise objectively barriers to walking as reported
people, and compare the results with best practice and
local guidelines

Present araft version of the Social Model of Walkability
and inform it through the findings

9EIF YAYS K2g LINRPFS&a&aA2YI {2
walking, and how they see the complexity, priorities,
challenges, and evidence gaps relativel&divering
quality WE in a caoriented city

The empirical studies built on previous research, examined thrdughwo umbrellareviews. They
focused on different components of the model, exploring and developing them through both

qualitative and quantitative methods.

9 The associations between perceivéiEand walking levels (aim lyas analysed
guantitatively (chapter 4). The stydlesign acknowledged and leveraged the Auckland
Transport Active Modes Survey (capturing perceptions of walkability, demographic
characteristics, and walking levels for ovetOf) Aucklander§83]). Machine learning was

used to find patterns in this large dataset with number of intercorrelated variables.

1 The identification of environmental featureperceived as barriers (aim 2yas grounded in
the idea that the perceptions of diverse people of their environments depend on the context

and can be explained by multiple interacting factors. Two forms of naturalistic inquiry were

used to explore percel® 0 NNASNAR a | aYdzZ GALX SY7AYy Gl y3I

First, 56 adults of all ages, disabled or swhsabled, and living in Auckland, were interviewed
in 1-1 structured faceao-face interviews. Data and analysis were both quantitative (collection
of categorical items and numeric ratings, analysis of distidins and frequencies of

mentions), and qualitative (opeended questions and their content coding). Second, a

3 Quant: Quantitative associations perceptiongalking; UX: Perceived barriers and deterrents; BE: Objective

YSI &4dzNBa 2F LISNOSABSR oF NNASNET /{Y /AGAT Sy {OASY(A:

priorities, and challenges
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subset of interview participants continued being involved in the project as Citizen Scientists
(CS)providing insights of their walking envinments in a freer way, using a smartphone
app[98] to capture photo and impressions (via voice recordings). In both cases, deductive

content analysi$99] was used to code the results against the model.

The characterisation of WE features people consider as barriersalking @im 3) was

based on objective measures of barriers pointed out by interview participants. For each type
of barrier, a minimal definition was established from the gathered measures. The results
were then compared with the local guidelines anagsbpractice, providing a realitgheck

' yOK2 NBR Ay LIS FHelindesSigatios mamiydudhyt®uhderstand why

certain environmental features miglie experienced as hurdles while being conform by the

planning documents.

The testing and develpment of thedraft Social Model of Walkabilitfaim 4) was achieved
across the whole thesis, designing empirical studies to assess specific components, analysing
their results from the perspective of the model, and using the findings to critically examine

and develop the model.

Examining the complexity, challenges and priorities of delivering the walkable @ityn(®)

used first an anonymous survey of professionals working either in Auckland or at the national
level. The disciplines targeted were urbanidges urban strategy, transport planning, road
safety, and public health. Analysis involved content coding and comparing the frequency of
responses across professional groups. The results were discussed with thelining two

topics to further investig in a focus group. The focus group included four professionals

and oneCS$S and data were analysed using inductive content analysis.

The studiesre presented irfFigure2 (next page) against the questions and aims they contribute to,

with an indication of the specific input they bring to each research question.

46



Chapter 1: Introduction

> ore h@r
a8

/ Aim 4 - Model
(

Literature overview

LR1

Literature overview

Question 1 L
WE- behaviour R2_J
Perceived barriers (( ) Aim 2 - P barriers

Roles of motivations, B
individual characteristics,
use of public transport

Ux J

Question 2 Aim 1 - P WE- walking
WE barriers to walking QUANT

Barriers:
objective
measures

Reality-check
of guidelines

Aim 3 - Guidelines

Question 3
Guidelines

People’s barriers to walking .
Priorities for retrofit

Challenges ()

WE as complex system .
Question 4
Professionals’ (dis)agreements

Aim 5 - Professionals

Question Research question

Input Specific input to research question
Studies
LR1 Genearal literature review: notion of walkability and theoretical model

-
ko
N

Specific literature review, associations between objective and perceived elements of the WE
QUANT Quantitative analysis, associations between perceptions and walking

—— X Naturalistic inquiry examining users’ experiences and barriers
WE Characterisation of barriers to walking
PRO Assessment of professionals’ views relative to needs, priorities, challenges

Citizen Science: inquiry into motivators and barriers reported spontaneously

Figure2: Studies and contributions towards aims and research questions
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5 THESIS ORGANISATION

The thesis is organised as follows:

Chapter 2
p.50

Chapter 3
p.77

Chapter 4
p.99

48

Examines how links between walking environments (WE) and walking behaviour v
conceptualied and evidenced in the previous literatuiéhe methodology of an

umbrella review was chosen given the breadth of the topic and the variety of acad
disciplines involved. The chapter is based on a published paper, and an update of

search is provide as postscript.

Bozovic, T., Hinckson, E., & Smith, M. (2020). Why do people walk? role of the built environment an
of development of a social model of walkability. Travel Behaviour and Society, 209181
https://doi.org/10.1016/j.tbs.2020.03.0Q

Summarises the evidence on the associations between specific objective WE
OKIF NI OGSNR&adGAOa oho FyR LIS2LX SQ LISND
draft Social Model of Walkdlity. The umbrella review was chosen to provide an
overview of a broad question, parts of which have been treated by recent systems
reviews. This work provides an overview of the findings, approaches, and researc

The chapter is based on a pageibmitted for publication:

Bozovic, T., Hinckson, E., Stewart, T., & Smith, M. (Submitted for publication). How do walking envir
NEfIFridS (2 dzZaSNERQ LISNOSAQOSR-2020.f {FoAfAlGEY !y dz

LRSYGATASa |aa20AlGA2ya 0SGsSSy LIS2LU)
Auckland, considering individual characteristics and the use of public transport. Tt
empirical study tests the second key link of thaft Social Model of Walkaliii, using
data from Auckland Transport Active Modes Suf83]. The chapter is based on a

published paper:

Bozovic, T., Stewart, T., Hinckson, E., & Smith, M. (2021). Clearing the path to transcend barriers to
Analysis of associations between perceptions and walking behaviour. Transportation Research Part

Psychology and Behaviow7, 19%208. https://doi.org/10.1016/j.trf.2021.01.003
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Chapter 5
p.113

Chapter 6
p.135

Chapter 7
p. 155

Chapter 8
p. 190

49

Examines the choice of walking (or not) to usual destinations and identifies feature
the WE that can be perceived as difficulties or barriers to walking, comparing disa
and nondisabled people living in Auckland. This naturalistic inquiry provides anoth
perspective on the two key associations of tlraft Social Model of Walkability

controlling for familiarity and examining the role of disability as a moderating facto

chapter is based on a paper submitted for publication:

Bozovic, T., Hinckson, E., Stewart, T., & Smith, M. (Submitted for publication). How street qualitgésf]
the walking experience: a naturalistic inquiry into the perceptions of adults with diverse ages and

disabilities.

Characterises objectively the barriers to walking as reported by people (chapter 5
compares the results with best practice and local guidelines relative to the provisic
walking environments. This chapter revisits the associatiéhwpreviously eemined
through the published literature (chapter 3), informed by the evidence gaps noted.
Recommendations from the local guidelines and the Healthy Streets appj@&icire
examined against the findings, and misalignments are discussed. The text is base

paper submitted for publition:

Bozovic, T., Hinckson, E., Stewart, T., & Smith, M. (Submitted for publication). Barriers to walking: R
61t 1SNBRQ SELISNASYOSa (2 YSI&adaNIo6tS odaatid Syd.
Examines how professionals involved in the delivery of WE and public health unde
dZaSNEQ ySSRa YR K2g¢g GKS& 4SS LINRA2NR
quality WE in a caoriented city. Thisvork is a form of retroaction loop in thdraft
Social Model of Walkability, examining how the low observed levels of walking are
understood and addressed through changes in the WE. The text is based on a pu

paper:

Bozovic, T., Hinckson, E., Stewart & Smith, M. (2021). How to improve the walking realm ina car
oriented city? (Dis)agreements between professionals. Transportation Research Part F: Traffic Psyc

and Behaviour, 81, 496807 .https://doi.org/10.1016/.trf.2021.06.011

9EFYAYSE | aa20AlGA2ya 06S06SSy 202501
of walkabilty (O-Pw) and the declared outcomes in terms of walking, this time throt
CSnputs. The use a€Sprovides a different lens, allowing a different form of
Ay@SatAaardazy 2F LIS2LX $Qa LISNDSLIIAZY
(chapter 5).


https://doi.org/10.1016/j.trf.2021.06.011

Chapter 2: General literature review

CHAPTER 2: BUILDING THE THEORETICAL MODEL LINKING BUILT
ENVIRONMENT TO WALKING — GENERAL LITERATURE REVIEW

PREFACE

This chapteexamines the notion of walkabilityhow it is understood and conceptualised, and
develops a theoretical model based on previous findifige materiapresented here stems for an
umbrella review published in Travel Behavior & Society (title: Why do people walk? Role of the built
environment and state of development of a social model of walkalpilid@]). The identification of
drafted theoreticaimodel[43] and its development{9, 53, 54played an important role in this

thesis the following studies built on this bas@&d continued testing and developing the madel
Theoriginal paper Appendices, from page B2hasundergoneminor edits aiming to:

A Bring one correctiondd 2 NR d O2 X\ VAMPRENEB T aY2RSNIG2NEOT

A Improve readabilityfor instance referring to chapters of this thesis instead of publications
and making minochanges of wordingand

A Present thestudies having identifiednd developedhe theoretical modeln some more

detail (tabular form, with more insight on the contributions and limitations).

Given this key importance of thdraft Social Model of Walkabitin this thesisit seemed
appropriate to provide an update relative fimdingspublished after the cubff date of the published
paper. A postscriptto this chapterwas addedor this purposegexamining publications having cited
at least one of the four mentioned papem@ndadding relevant findings the table presenting the

contributions to the model
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1 INTRODUCTION

Technological development is contributing to new forms of mobility (e @reshvehicles or

scooters); its ease of use (information, payment); and possibilities to replace trips altogEhér

2 KAES GKS 02y OSLI ¢ it bonfprivitaly ownid vehiclasSa\sEaieDdliitions A ® S «
that are consumd on a subscription base) is gaining traction, walking and walkable places appear to

be high on the priority list of cities and citizgfi®2¢106]. The broad benefits of walking are well

established, namely in terms of equity of access andpeddent mobility[11, 59, 107, 108]social

and economic participatiofil6, 24;27]; physical activity16, 2&831]; and urban economic efficiency

[32, 33] A modal shift towards walking and other low carbon modes is also a key part of the

response to the global climate crisis and meeting sustainable development§o@]sin a rapidly
urbanizingworld109]> da ¢l f {Ay3 a I OK2A0S¢ Aa GKSNBF2NB -
The underlying question will be what to build, retrofit and provide, for diverse people to choose

walking against alternatives?

Research w walking has made significant progress in understanding the dimensions influencing
individual choices. Th8ocieEcological Framewoi& widely accepted as a sound theoretical
approach to human activity behaviours, capturing the importance of the Buiitd&mment (BE) in
conjunction with individual; social/cultural; organizational; community; and policy dimeng2ans
43, 45] The framework provides an overall principle of multiple dependencies under which to
develop a specific model for walkifg3, 45] Multiple calls for a better understanding of pathways

through which BE correlates with walking behaviours have been ifzdde 3, 11Q113].

There is at the moment no commonly agreed model explaining walking as a chBmeinstanceas
recently as 2016, Buckley and colleagues examined the question why peopl&4jalkhere is also
uncertainty regarding what people pay attention to and how they adjust their hielaviFor

instance, in 2018, Read and colleagues studied two relatively simple andefiabd pedestrian

situations (road crossing and railway level crossing), comparing walking as done by study participants
and as imagined by transport practitiondfisl4]. They noted that "a gulf exists between pedestrian
FOGAGAGE WI a A Y[HIBATYieSRAEY highigRed he Bigh R&oSIREsity and

complexity of pedestrian behaviour and a certain unawarenefs from the professionalfl14].
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¢KS dzy RSNRBUGIFYRAY3I 2F | & 42,6565, 58pAvaiety diindices SeabliteY | A y
environy Sy Gt agl f {1 oAfAle¢ [1a551A8) A xRtgESiteECE getetalfya 2 F
focuses on nofdisabled people, there is a need to better understand the barriers experienced by

people with diverse types and levels of disab{lit§, 24, 57, 119, 120Pisability is one lens, with

evidence suggesting the need to consider othe® dza (i 2 YSNJ 4S3YSy i aé¢ RAFTFSNA
familiarity with the area[121], usual modeof transport[49], ages[122], or cultural and socio

economicbackgroundg20].

Cities with an inherited cazentricBEare understoodo contribute to difficulties fo walking[123¢
126]. Retrofit and better design offer important potentials towards providing places that support
human wellbeing and walking as a choid®3, 126, 127]However, certain confusion remains as to

the best way to improve environments for walking, health and wellbeing.

It is not clear if a single definitive model linking walking to the built environment is a reasonable

quest, given the evolution of the alternaéis to walking101]2 NJ 4§ KS aAYLIX S ¥FI Ol @K
gLt o0ftSé SYGANRYYSYyd YAIKG y20 SEA&GD | 26 SOSNT
choice of walking would help assess what is-a@ikable, and aid specifying tide Y ingl Aefinition

2F LIKEaAOl21). gt 1FroAtAGEE

The main objectives of thishapterare to:

A BExamine low the BE has been conceptually rethte walking behaviours;

A Bxamine how the posited models are supported by evidence; and

A Present a new version ofmodelnamedthe ®cialModel ofWalkability based on the
findings. The name is an intentional nod to tBecial Model of Disabilif¢7], acknowledging

the importance of the BE in supporting or hindering walking as a choice.
In addressing the objectives, the following questions were asked:

1. Howisthey 2 GA 2y 27F agl f 1, andl WHathaie &hé eledrghi SfNdEnseRsask
disagreement? Are theoretical models linking BE features to walking behaviour identified?
2. Which correlations between specific BE features and walking behavtmave been
examined and what are the results?
3. How are the BE features measurgdnd to what extent are they comparable across studies?
4. How does the available evidence inform the possiltederatingfactorsrelative to the

personor their trips?
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Given the scope of the quashs, the volume of research produced in the last decade, stemming
from different fields, and the anticipated heterogeneity of publications, the methodology chosen is a
critical umbrella revieW96]. Umbrella reviews, otherwise known as reviews of reviews, are useful
for compiling findings relative to broad questions into one usable docu@&it This approach was
complemented by examining primary studies developinghfarmingtheoretical models linking BE

to walking as a behaviour. This critical umbrella review focuses on adults liyiagtimdustrialised

urban environments.

2 MATERIALS AND METHODS

2.1Search strategy

Scopus and Science Direct databases were chosen for this critical Umbrella review because they
offered a large coverage of the published literature across disciplinesfispdly related to the
research questiofi2l, 55]including health, urban design, sociology and transport planning. Two

searches were made, with the followisgarch terms:

(walkability AND built AND environment)
OR
(walking AND (choice OR neighbourhood OR neighborhood OR parameters OR determinants)).

The search includelterature reviews published in the 10 yeaup to 18.4.19.

2.2Selection afeviews

Articles were first screened on titles and abstracts, before a full text review. The inclusion criteria
were: @) adult population, or providing separately results for adult§;urban or suburban
environments, or providing separately results éwban or suburban environments;)(examines
associationdetween BE aspects and walking, or examines critically the notion of walkability;

(d) refers to environments that can be compared to posdustrialised cacentricsocieties, defined

as having a gh or very high human development index (HDI); and having a car ownership over 200

per 1,000 residents.
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2.3Data extraction

Two types of data were extracted for each study:

a. Focus and scopenoting &) what aspects of built environment were considered
(destnations availability and/or quality of walking realm, objective and/or perceivél); (
if these aspects correlated to walking levels or experienced barriers and facilitajafs; (
disability, old age and sedklection were controlled ford] if a theaetical model was
developed or tested; ande] if walkability as a concept was examined.

b. Reviews findings linking BE and walking

It was expected that the volume of evidence for tiesociationbetween BE and walking would be

both low and difficult to compare across reviews, given nanm@lyhe absence of a commonly

agreed set of indicators of walkability that are specific, comprehensive, and mutually exclusive; and
(b) the diversity of measureof outcomes (walking distances, times, trips, etc.). After the full text

review of the papers, it was decided to harness the strength and volume of evidence provided by the
two recent metaanalyses sharing the same methodol¢g%, 65]by keeping both their BE

categories and their method for the synthesis of findings, i.e.: categorisivgalihg associations as
significantly positivéP), significantly negative (N), or not statistically signific@itgllowing single

articles to contribute several findings; and giving fractional weights in case of multiple associations
found by a study for a same BE attribute (gifgone attributeis positively associated for walking in

men but nonsignificant for women, it will be noted as P: 0.5, &d.5). Where p values were

provided, results significant at p < 0.05 were recorded. BE categories were assimilated to those of the
meta-analyses aless they referred to a slightly different or more specific BE feature (for instance:
themetal y I f 8aSa aLISI] 2F aal¥Sdeé FTNRBY UGUNIFFTFAOEZ o
ONZER a J1r8).TatégorieNB f I G A BS (2 Lisaerddofiered undS MtBdatlitdpRsy a

of feasibility, safety from crime, accessibility, comfort and pleasure, posited by Alfonzo as levels of

g £ 1 S NH4Q] THeSeBdR dange from the most basic to the most sophisticg#g]. Statistically
significant positive and negative correlations were noted, as well asigmificant findings

(p>0.05).

2.4Data processing

Positive, negate, and norsignificant (where reported) findings for each BE category were summed
separately for overall walking and walking for transport. Ratios of positive, negative, and non
significant findings were calculated for all studies, as well as ratiasdmds in unexpected

directions.
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3 RESULTS AND DISCUSSION

The search identified 194 titles. After screening of titles and abstracts, 54 reviews were retained for
full review. Of these, 17 met the inclusion criteria. The screening and filtering procénsspdpers is

presented inFigure3 below.

# Records identified through
database searching
203

v

# Records after duplicates
removed, screened on
title/abstract
194
v
# Full-text articles assessed 37 Full-text articles
eligibility excluded based on
54 determined criteria
v
# Reviews included in critica
review of reviews
17

—»| 140 records excluded

\ 4

Figure3: PRISMA diagram for article screening and inclusion process

Of the identified 17 reviewseight analysed the notion of walkability, and nine focused on the BE
walking correlates. From these, three were specific to urban or suburban environments, while six
others (including the two recent metanalysesalso includedsome rural contexts and diinot
differentiate the findings for both groups. Given the limited evidence identified specific to
urban/suburban areas, it was decided to broaden the scope, keeping for analysis the reviews that
were not exclusively urban. To limit the risk of bias edéhces by type of setting were investigated

and reported.

3.1QuestionIHow i s the notion of Xwal k

The eight identified reviews provide essential andi@pth insights into the definitions and meanings

of the term walkabilityf22] along with the concept of walkable suburf&b] and

neighbourhood$58]T (1 KS RAFTFSNBY (i R J2Y);8hé antigdsiaading of badiesstd 1 | 6 A
walking for diverse population groufs7, 62} and a critical analysis of the professional

practices[55, 63]and operational measures of accessibilig]. The findings are synthetized below

under four aspects: complexity, elements of consensus, dissensions, and contributions to a

theoretical model.
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3.1.Walkability as a complex phenomenon

l dzi K2 NB | INBS 2y O2 Y dakabikylisaTomplexiandydhtesied | G & 2 @S NJ
LIK Sy 2 YR dyihatad G KS NBa St NOK wieb witR dompelid§ clayna @bouDvihBt

GKS 61 f1+6ftS ySAIKO 2 NESR A st Grtayof potBntidbbiendftdsi SR (2 R
described ranging from enhancing social interaction and the sense of commj&&i}yo improving

liveability and equity of acce$s7]2 NJ & dzLJLJ2 NIi A yy ActiiBs@ . Riffeyeiit préfessonsh

such as urban design, health, or transport were also found to focus on different aspects of litglkabi

such as the outcomes in terms of physical activity or the quality of dg&lg3] This is prolematic

when attempting to identify specific assets that should be built or improved, as diverse aspirations

YR F20dzaSa OFy O2y(iNRO6dzGiS (G2 GKS RAG$MNEAGE 2F

Acknowledging this diversity of views, Talen and Koschinsky nonetheless had an attempt at defining
GKS aglf1lFofS §ISAEIKBRDeN#c®Ebbthood) irbued with qualities that

make walking a positive experiemp@8]® . S@2y R I ONRBI RSNJ RAdagyaarzy
is and how it is definef67, 63,129,130] | LISNIAY Sy G ljdzSadAiazy Aa ¢KI G

look like, and does this differ across ages, disabilities or other characteristics?

3.1.Elements of consensusegarding walkability

Authors generally agree that walkability includes:

A Destinationswithin a walkable distancg2, 55, 56]
A Anabsence of barriers to accelgy, 57]and

A Aform of safety from crime and traffi1, 22, 58]

These are in a way minimum requiremef24]. Taking a holistic perspective, the reviews note

(a) the importance olLJS 2 LferSeQt@ns of difficulties or barriefd6, 27, 57] (b) the current high
levels of difficulties of walking in cariented environments, with high traffic exposure and limited
appropriate crossingi2, 27} and €) inequities of acceqd46, 22, 57, 57]These elements of
consensus align with evidence regarding the barrier effect caused by traffic, identified since the
1960s[125, 131] Overall,providing street environments supportive of walkiregjuires a better

understanding ofhe determinants of walking behavio{tt6, 21, 22, 57, 63]
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3.1.3ack of consensus: Quality of the walking environment

Lack of consensus has been noted mainly around the quality dBaed its importance for

walking[21, 22, 55]Andrews and colleagues note two difficultiésrst,findingsoutline an apparent
GYAAaYlFIGOK 06S0G6SSy 202SO0GAQGS | yR LISNOEeWEE R Y S &
said: objectiveneasures fail to capture users' perceptiqp 2 LIpeSc@piions63]. Second,

perceptions areften considered less legitimathan the objective measurd$§3]. In the absence of

an agreedtheoretical model research might consider objective and perceimeehsuresas

interchangeable and veer towards the objective features only.

The diversity of used tools and methaaiskes it difftult to aggregate results and find consensus.
Major methodological issues are noted in ways walkability is assessed and me&surgtstance,
studies use diversscales for assessing BE qudlity.[62, 95, 123, 132, 13B&nd apply thento
diverse geographical aregés.g., 400m from homeJrurther, there is10 guarantee that tk
characteristicasually positively associated with walkiogver indeed all that matters to people in a
non-redundant way21]. There is a lack of understdimg of why these features matter, how much
they matter[56], and how individual characteristics might moderate this importdiée 57, 62]

' YRNBga |yR O2f {-SyY @xda€my ¥ 8Bk 1 B3PSt 36ebilis wAst array@f

assumptionsfurther discussed under Question 3, below.

3.1.4dentified contributions to a theoretical mo del of walkability

Forsyth outlined the work of Alfonzo as a major contribution to the understanding of the relationship
between BE and walkirig1, 43] Alfonzo posited a hierany of pedestrian needs, referring to

al af 26 Qa LR NI Y AR Thépodtatr¥deds raygd Bofdhe most basic (feasibility and
accessibility) to a higherder (pleasure); safety and comfort are placed in betwgts]). Further,

lf F2y2RO8 O2yaARSNA (GKIG 202S0GAGS . 9s,@tichNY OGS
inform the satisfaction of needs for walkin§hedecision to walk depends on the satisfaction of

needs but also on individual characteristjid8]. Alfonzo posited that pople first assess the

satisfaction of most basic needs, before considering higher order, an&agthat the (non)

satisfaction of the needsouldbe associated with walking through the moderating effects of

individual constraints, available options, trip purposes or preferefé@s! f F 2 giddel Q=%

further developed and tested by Meh{&3] andBuckley and colleagugs4]. Although not formally
NEFSNNAY3I G2 !t F2yI1 2 Qasindfigid §ifel its aohceptudl RroximityXteséing & (i dzf
the associations between objective features, perceptions, individual characteristics and behaviours)

[49]. Anoverview of the studies and findings is providedrable4 below.
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Table4: Testing and development of Alfonzo's model

First author  Aspects of the
and year model tested

Methods and setting

Findings

Limitations

Mehta, 2008 Association

[53] between BE
(microscale
urban design
qualities),
perceptions,
and route
choice.

Interviews of adults Wwo
visit the three chosen
sites (three Main Streets
in US East Coast towns

and cities).
N =51

The model was overall supported
Detail, OGP

A Human presence added to the pleasure of walking

A Holistic environments: appeal of human presence anc
visual interest bthe street, together

Suggested additions:

A The sense of belonging or familiaritgnowing shops
and cafes turned those places in social destinations,

increasng their appeal

A The usefulness of available destinations

A Suggested that the order of the hierarchy of walking
needs might vary depending on the situation

Low sample number

Participants including few older
and no disabled adults

Trip purpose not considered

Interview of people who visit the
setting¢ no information regarding
barriers faced by those unable to
access it

Buckley, Agreement with

2016[54] 15 potential
motivators to
walking chaen,
considering
demographic
and trip-related
differences

Intercept surveys on a
major street in

Vancouver.

N =318

The model and the levels of hierarchy of walking needs were

overall supported
Suggested additions:
A Internal motivations
A Personal values
Detail, O-P

A Importance of visual appeal (motivation)

Basic needs (e.g. good footpaths, crossings) have a low

motivational interest
Detail, individual characteristics:

A Familiarityas a motivation

Chosen motivators tested were no
necessarily mutuallgxclusive or
complete

Participants including few older
and no disabled adults

Interview of people who visit the

setting¢ no information regarding
barriers faced by those unable to
access it
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First author  Aspects of the

Methods and setting

Findings

Limitations

and year model tested
Ma and Cao, Associations Seltadministeredsurvey Availability of destinations associated with travel behaviour ~ No data regarding possible
2019[49] between travel of residents living in five through perceptions, supporting the model disability

behaviour,
perceived
neighbourhood
characteristics,
attitudes to
travel modes
and
demographic
data

chosen corridors in Twin
Cities, US.

N =1303

Modal preferencesvere associated with perceptions of
accessibility (small effect) and travel behaviour (large effect)

Demographic characteristics moderate

A The associations between O and P (gender, age, leve
education, having children)

A The modal choice (level of education)

O measures of proximity of
destinations were poorly aligned
gAOK LIS2LX SQa LI
association was better after
including travel preferences but
still imperfect, indicating other
possible moderators
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3.2Question 2Which correlations between specific BE features and
walking have been examined?

3.2.1dentified reviews and scopes

Nine reviews examining the correlations between BE and walking were identified. Seven reported
walking for all purposef 6, 30, 64, 65, 113, 128, 134hree reported walking for transpofl13,

134, 135Jand two for recreatiorf113, 134] Two recent reviewfs4, 65]stand out for being meta
analyses with sophisticated methods for weiglgtiarticles by quality and sample size, a control for
non-duplication of primary findings, and estimates of strengths of associations between each
examined BE construct and walking. This effort is of high importance, given the difficulty to compare
primarydata as it shows a vast diversity in ways BE or walking as an outcome are operatid6dlised
136]. Both reviews focused on older adults (defined as mean population age higher than 65 years)

and examined how objective and sedfported measures of BE compared, agelates to walking.

Overall, the identified reviews considered specific sets of BE attributes and operationalised them in
different ways. None of the reviews claimed to have a set of attributes that was comprehensive,

minimal, and norredundant. They gemally tested aspects identified by previous studies as being
potentially correlated with walking, with the caveats that those studies themselves warned against
LRGSYidAlrtf oAlFAaAX NBRdzyRIyOeé 2[NIBEThedariety & cap®ds isC NI y | ¢
summarized below against the broad types of attributes and the ways they were mea$heetive

reviews that examined both high level and qualitative attributes included the two 1aetdyses

focusing on older adulf$4, 65] The other three examinedon-disabledadults[113, 128Jand adults

with disabilitieq[16].

Table5: Numbers of reviews considered split by the attributes and the type of measure they considered; the
two meta-reviews are noted in bold

Attributes considered
Both high level (a)

Type of measure and streetscale (b) High level (a) only  Streetscale (b) only Total
Obijective only 1 2 - 3
Perceived only 1 - - 1
Obijective or perceived 1 1 1 3
Obijective and perceived 2 - - 2

Total 5 3 1 9

(a): Neighbourhood or arelevel aggregate measures such as land use mix, street connectivity or number of destinations; (f5cakee
(micro-scale) attributes such as presence of street furniture or traffic volumes/speeds
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The overall pooguality of the primary studies is to be noted: for instance, only 9% of thepapers
SEFYAYSR o6& . FNYySidd |yR 02t t][65) BotzdnataavaydSnot€? y & A R ¢
that two thirds of the papers could not demonstrate representativeness of the population, and that
papers had diverse levels of adjustment for semd@nomic characteristiosr appropriateness of

analytical methods. Findings are further difficult to compare directly across reviews, gjstbe (

differences of approaches (weighting of findings as done in the 1ae#dyses vs simple reporting of

findings); b) the widely divese ways BE was operationalised (see above); @rid€ potential

redundancies of primary data. The issue of quality had been previously outliReéd137]

3.2.Built environment correlates with walking

The BE chacteristics were classified using the Neighbourhood Environment Walking Scale
(NEWS)115]in the metaanalyseg64, 65] while the other reviews used own categories and
definitions. The results are here examined using the NEWS categories complemented with additional
dimensions that were examined. It should heted that the results are influenced bg) (@ strong

focus of the reviews on the domains of feasibility of walking trips and safety from crime, with less
investigation into aspects relative to comfort and pleasub;s@me primary data were sometimes

included in more than one reviews.

Overall, strong support was found for the elements of trip feasibility and some of the elements of
street environment quality. When different reviews examined the same BE aspect, their conclusions
were sometimes a mix ofatistically significant and nesignificant findings. When examining
constructs individually, the reported findings from the primary studies show generally large
proportionsofnora A AY A FAOlI yi FTAYRAYIE O0F2N) AydedasyOSs a2«
strongly and positively significant in both studies but respectively 77% and 54% of weighted primary
inputs are nossignificant). Counteintuitive results were also found, such as negative influence of
safety from crime and of residential densj6b], or positive influence of littering, vandalism and
decay[64]. Some examined aspects are not part of the NEWS, stateely retail floor area

ratio [134]; presence of jobgL34, 135] connected pedestrian infrastructure as a better measure of
connectivity than road centre lind&28, 134] presence of other people walking, different possible
barriers to walking, adequate cseing facilities, andoise[128]. All were supported as correlates of
walking without countesintuitive primary findings but based on low numbers of primary studies.
Importantly, many of the qualitative aspects that are associated with walking outcergs
accessibility, availability of green spaces, aesthetics) have also been associated with the broader
quality of place and further outcomes in terms of health, social connectedness, or neighbourhood
satisfaction[138]. Overview results for total and transport walking are detailed in the table below,

while details are ippendix2B.
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Table6: AssociationdVE- walking

Population:

older adults

(>65)

Population:
older adults

Salvo et al 2018

Ewing, Cervero, 2010

Urban or
suburban

only

Associations with walking overall (a)

Adults with Eisenberg et al 2017

disabilities
Urban only Mccormack et al 2011

Haselwandter et al

2015

Associations with
walking for transport

Ewing, Cervero, 2010
Grasser et al, 2013

Urban only Mccormack et al 2011

Urban or
suburban
only

I Composite walkability index* P P (7] P P P
| Residential density/urbanisation* P P n [%] P P
[FyRndzaS YAETRSAGAYlIGAZ2Y RADSNEAGEF P P P (%] P
Retail floor area ratio 0 P 0 0 P
Street connectivity* [%] P P %] n P
Connected pedestrian infrastructure* P P P P
Overall access to destinations & services (distance to, availabilityyP P P N
Acess to public transport (distance to, availability)* P P
= Parks/public open space (distance to, availability)* P P
2
3 Detail - availability of specific destinations (distance to, availability)*
§ Shops/commercial* P P P [} P
L Food outlets* (%) n
Education* (%] n
Health & aged care* (%] n
Recreational facilities* B2 n @
Social recreational facilities* P P
Jobs* P P

Safety from crime

Safety from crime*
Design - "eyes on the street", active facades*
Lighting* (! Could be also comfort)
Littering, vandalism, decay* (in “aesthetics", Haselwandter et al)
Presence of people seen as threatening*
Presence of other people walking*
Presence of other people walking OR driving*
Presence of police*

T2

Accessibility

Barriers to walking*
Barriers - incomplete walking infrastructure*
Barriers - not sufficient crossing facilities*
Barriers - footpaths design*
Barriers - footpaths maintenance / cluttering*
Detours, pedestrian network not allowing convenient use

z z o|=

Comfort

Safety from traffic*
Safe and convenient crossing facilities*
Room for walking
Possibility to sit
Availability of public toilets
Protection from sun/rain/wind
Low levels of noise
Air pollution
Noise

Pleasurability|

Greenery, landscaping, "aesthetically pleasing” scenery*
Attractive zones for sitting / public spaces*

Liveliness, activation, diversity, complexity (interesting walking rea
"Walk-friendly infrastructure" or "pedestrian-friendly features™

rm)*

Good design (e.g. human scale, right enclosure)

Notes

a Directions of associations after full adjustment for sample size and study quality; P = positive (p<0.05), @ = non-significant, N = negative (p<0.05). Bold: 5 or more findings

b  Sign""placed in front of indicators not referring to a specific BE feature but rather a cluster of features; the associations with walking do not allow to assess the relative importance of
* Indicators reflecting the authors’ categories; caution, authors' clustering and primary studies' ways of measuring components might vary, and some overlaps exist (e.g. "safe and conv
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3.3Question 3How are BE features measured, and to what extent
thiscomparable across studies?

Major methodological issues are noted in ways walkability is assessed and measured. Three types

were identified: the use of proxieppor andinconsistentassessment of Buality, andlack of

consideration of needs of disabled and older people.

63

A Use of proxiesHements such as connectivity index or residential density can be considered

as proxies: while the direct causal link might be absent (i.e. someone might not disoose
walk because there are 230 people per square hectare in their neighbourhood), correlations
might be found with levels of walking because these proxies code for other aspects not

considered, such as for instance availability of destinations or difficfiltiriving[58].

Poor and inconsistent assessment of BE qualitiiequality ofBEoften only captureshe
presence/absence of assets as®ed to be importanf63]. As noted above, scales and tools
used are diverse and applied to diverse geographic environments, and features tend to be
examined ira vacuum (as opposed to a holistic assessment of street environmBBs).

OKIF NI OGSNR&AGAOa 6SNB NBLRNISR dzyRSNJ RAFTFSNB
difficult to compare. Specific BE attributes were often clustered uneldew-specific
umbrellaterms(e.g, presence of graffiti, litter or abandoned buildingsaatst the construct

G a I FBg)&Thereviews outlined also theeterogeneity in ways primary studies assessed
similar constructs: investigations based on objective and/or perceived measures, and the
202S00ABS YSIHAadNBYSyida (KSY aSindifes alsdzallddR 1+ N,
& R S &[A33pean relate to block sizes, intersection densities, or a ratio of fauthree-

way intersections to all intersections, while the land use mix can be calculated as the entropy
index, he HerfindahtHirschman index or other measures such as the number of different
land useg135]). The measures also relate to diverse perimeferg, various distances from
home, an administrative area, or else a perceived territory reachable within 10 or 20
minutes[64, 65).

Lack of consideration of needs of disabled and older peoflee needs of disabled people

and older people are broadly overlookéethe identified reviews did not present results by

types and levels of disabiés, nor provide an overview of homeeds might vary across age
groups This is problematic asis known that these groups can be sensitive to specific
environmental attributes such as for instance the presence of physical baigeggoints

3.4.2 aml 3.4.3 below)
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The analysis of objective versus perceived measures showed significant differences between the two
constructs. Findings from Cerin et [@4] are summarised in the table below. For the six overall
significant correlations, only the residential density and the access to public transport were
significantly correlated with both objective and perceived measures. For land use mix diversity and
avaihbility of parks, only the perceived measure was significant, and the objective measure was the

only correlated with street connectivity.
Table7: Associations Bivalking from Cerin et al, 2017, detailed by type of measure, objeetperceived

Directions of associations (a) by type of

measure
BEattributes Objective only Perceived only
! Residential density/urbanisation (?) P P
Landuse mix destination diversity (?) P
Street connectivity (?) P
Access t@ublic transport (distance to, availability) (?) P P
Parks/public open space (distance to, availability) (?) P

Safety from traffic (?)

Greenery, landscaping, "aesthetically pleasing” scene
?)

! "Walk-friendly infrastructure” or "pedestriarfriendly
features" (?)

Notes

a Directions of associations after full adjustment for sample size and study quality; P = positive (p<0.05); @ = non
significant, N = negative (p<0.05).

! Indicators not referring to a specific BE feature but rather a cluster of featuregiswriations with walking do not
allow to assess the relative importance of specific features

(?) Indicators reflecting the authors' categories; caution, authors' clustering and primary studies' ways of measuring
components might vary, and some overlapsse (e.g. "safe and convenient crossing facilities" is part of a broader
"safety from traffic construct)

h@dSNItf> || KAIK fS@St 2F ay2rasSé g+ a 20aSNBSR
BE and walking. A possible explanation rel&esrimary findings, representing an extraordinarily
vast number of possible combinations between BE constructs and walking measures. This complexity

is illustratedin Figure4 below.
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Figure4: Complexity of the B&valking behaviour correlations as informed by the evidence: diversity of measurement

of BE characteristics and walking behaviours; multiplying the possible choices considenedandconsidering that 5

options are possible foropetj dzZSa A2y a adzOK a4 GéKIFG RSadGAylFriAz2ya | NB 02
possibilities is nearly 800 billion.
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3.4Question 4How does the available evidence inform the possible
moderatingactors?

Multiple types of moderators of thassociatiorBEwalking were examined. Below, dimensions
identified as potentially important (see above, discussion on walkability) have been assessed,
namely: typology of residential area, age, impairments, trip purpodeger status, and

selfselection.

3.4.Typology of residential area

Cerin et a[64] detailed one study thaanalysed possible moderating effects on walking and reported
that for older adults living imrban or rural areas there were no significant associations between
access to destinations/services; availability and accessibility of public transport; public toilets;
benches/sitting facilities; safety from traffic and crime; pedestfia@ndly features; street lights;
littering/vandalism/decay; pollution; and greenery and aesthetically pleasing scenery with total
walking The only significant difference related to the availability of shops, it was less important for
those aged less than 75 years livingural areas, in comparison with younger people and those
living in urban areas. In the examined studies, two focused on urban areas spedifically34] but

the low numbers of primary findings reported and the fact that the other reviews mixed the results

of both urban and rural realms did not enable conclusions to be drawn.

3.4.2Age

Agewas notedas a moderatoof the relationships betweendih the proximity to destinations and

the quality of the environmentvith perceived walkability30, 128] The proximity to destinations

was noted as more imgtant for older adultd30, 128] especially when they don't aie or

anticipate not being able to drive anymore. Distance related to the ability to participate in the life of
the community[128]. Within cohorts with a median age above 65 years, those aged 75 and over
were also more sensitive to the presence oarey parkgd64]. Overall, older adults also found safety
from the traffic[128], good footpath condition§30, 128] and possibilities to sjB0, 64]Jmore

important than younger populations. However, those preferences might be influenced by a lower

seltefficacy and/otigherfrailty, and not be an exclusive outcome of G28].
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3.4.3mpairments

The quality of theBEis critically important in the notion of disability itself: in the widely accepted
Social Model of Disabilly . 9 A& &aSSy | a | RS SNNORA, dlongside tReT |
impairments[47]. Disability thus relates to the interaction between a person and their environment.
Eisenberg and colleagues studied adults with disabilities specifically, notingthia¢ (resence of
local destinations is an incentive to neighbourhood wadkivheeling; but ) the quality of the built
environment can discourage individuals from making the journey; entth¢ qualitative aspects that
represent barriers to access are still not well understfi®g). It isnamelynot clear how different

types and levels ddisabilityare associated whtthe ease of access: there is a lack of data for
disabilities other than ambulatorgnd younger disabled adulf$6]; insufficient consideration of
different forms of ambulatorylisabilities[24]; and no agreed overview of potential barriers and their
potencies[16, 24, 43, 140]

3.4.4Trip purposes

Trip purposes were globally poorly accounted for. Distinct associations between BE characteristics
and different types of walkg were however notedaj the availability of reachable destinations

might be correlated with walking for transport but not recreation, in older adul9], and p) the

level of acceptance of barriers to walking might be higher for importaps grifor instance, disabled
people are likely to find strategies to achieve necessary trips, while the optional ones might be
foregone[16]. When comparing proxies such as land use mix or street connectivity however, Ewing
and Cervero found however little differences between associations withingaflr transport or
recreation[134]. A study by Salbach and colleagues supports the importance of purpose on walking,

for older adults, identifying that the distances could significantly yhiL].

3.4.%river status

Little evidence about the driver status or the availability of transport options (and their relative
qualities to walkingyvas identified The findings of one study on older adultd2]were

reported [64]: while the proximity of destinations and public transport, and pedestfigandly
features were important regardless the driver status, proximity akpand street connectivity was

more important for those who do drive.

67

LJ



Chapter 2: General literature review

3.4.8Neighbourhood Selfselection

In 2010, Ewing and Cervero had noted that at least 38 studieselséetl the moderating effect of
selfselectionon the relationshigpetween BE antravel behaviouin general The studies found a
strong associatiobetween BE anttavel behaviouin genera) which tended to be attenuated by
selfselection[134]. More recently, and examinirgpecificallywalking in older adlts, Cerin and
colleagues found that seffelection was poorly controlled for (it had been done in only 4 of the 42
identified studie}[64].

3.4. Moderators, summary

In summary, individuatharacteristics were diversely and not systematically accountedrf@tudies
examining the relationships between BE and walkihgeems important to ensure a robust control

of types and levels of disabilitiegip purposes, driver status or selélection, characteristics that can
moderate the relationship between the walking environment and walking behaviours. This idea had
been supported by Gebel and colleagues in their recommendations for better quality systematic

reviews in this field143].

3.5Updatediraft Social Model of Walkability

Contributions tathe draft Social Model of Walkabilityave been outlined under Question 1. Most
findings from the reviews repbassociations between walking behaviour and BE (considering its
objective and/or perceived characteristics). Some elements also helped better understand the

decision pathways relative to walking. These are:

A Objective characteristics can contribute to peeptions of nonfeasibility or poor safety,
further leading to journeys foregone or diverted routd46, 62, 128]This finding echoes
the warnings against interchangeable use of objective and perceived ag§péttndaligns
with the draft Social Model of Walkability

A Trip purposes can moderate the relationship between perceived quality and decisions to
walk: Eisenberg and colleagues report that adults with disabilities are likely to find ways to
achieve a journey or fego it, depending on if it is seen as necessary ofIgjt

A Further, some evidence outlined individual characteristics as possibteleratingfactors,
namely age, availability of alternatives, impairments and-seléction. There is, however, a

broad lack of evidence on how these charactecstnoderate the Bialking relationship.
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The findings were used to propose an updated version of the framework originally developed by
Alfonzo, Mehta, Buckley and colleagues. In the figure below, posited associations are noted in grey,
while findings fronthis review of reviews have been added with black lines. A need to better

dzy RSNE G YR dzaSNEQ RSOA&EAZ2Y LI (Ké6F&d A& ARSYGAT)

Objective BE - destinations and street environment Perceptions

Destinations -  Street environment -

- availability . infrastructure layout and materials

. quality . traffic volumes and speeds

. walking distance . crossing facilities’ characteristics
. infrastructure maintenance
. presence of other people walking or scjourning
. facades’ transparency, “eyes on the street”

Pleasure

Comfort

. street furniture and “clutter” Safety
. use of the space by other people, (in)civilities 7
Acc ibility
Feasibility
Social and cultural factors Trip purpose
Neighbourhood self-selection, preferences ives: availabili i .
Legend: g ¢ p Alternatives: availability and quality .
Posited decision pathway (Alfonzo 05, Mehta 08, Impairments or level of functioning s Wt
Buckley et al 2016} X © Motivation "
Cofounding pathways (authors above and present review) Self-efficacy [ e
— jons and cofounding effects di i the | Lececmeecccmececcccccccaccscacseccceccacansananea '
present review that inform directly themodel B e e e e e eeeeaaeeecee-ssscccsssc-cas-o=-o==a
= = = Associations and ing effects di: in the

present review with pathways bypassing perceptions -
proxy effects, to be developed

Figure5: Draft Social Model of Walkability, developed from the works of Alfonzo (2005), Me(2a08),
Buckley and colleagues (2016)

4 CONCLUSION

A critical review of reviewwasNB | f AASR (2 SEIYAYS (KS OdzNNBy i dzy
concept and of Built Environment (BE) characteristics as determinants of walking behaviours.

G2k f 80 AfLALASEF NBE & + O2YLX SE LKSy2YSy2ys KIF@GAy3
O02YLRySyitad {ddzRASa 2F agltlloftS LIIOSaég SEF YA,
of measuring and assessing them, making it difficult to grasp the relative imporéadéerent

OKIF NI OGSNRaGAOaAaD® hFiSys: &ddzRA SavirdneatdeYS g KIF G OKI
R S (i S NJv'[B3]),}ald Yest them against walking behaviours, without guarantee that the set of
characteristics is comprehensive and aadundant. This practice is prolotatic given that the

street space of each city is finite and requires therefore a consensus on what needs to be adapted

and how.

Overall, the analysis of the BE is skewed towards objective aspects, oftelevegimeasures used as
proxies (e.g. residerdl density). Quality is overall poorly assessed and valued, and some dimensions

that have been known to be important for decades now routinely get missed (e.g. traffic volumes
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and speed$125, 131] active facdes, right level of enclosure and presence of other people walking
[123¢125)). Findings from previous studies have often been inconclusive or inconsistent. An
explanation could be that the approaches used are not methodologically sound (for instance,
considering interchangeably objective and perceived aspects ofrBBnsidering some

OKF NI OGSNRaGAOa &adzOK | a af AdGSNKbalanEe themizisucliaS | GA v :
the presence of an active night life). Another difficulty is the comparing of results relating to diverse
BE characteristics in diversvays to diverse types and levels of walking. Due to the lack of a
theoretical framework to be tested and measures that offer sufficient comparability and control for
cofounders, causal links between the walking environment and walking behaviour anetstikar.
Severance (i.enability to participate due to difficulties of access) is even less understood, because
of a lack of evidence and of the difficulty of capturing trips that could have been walked but were
not. Theinability to provide clear oyduts regarding walkability represents a key issue if research is to
support cities providing environments supportive of walking as a choice, for all populations,
regardless of their age, level of income or physical ability. However, the identified agstiat

between BE quality and walking and broader outcomes such as health and participation, strengthen
the case for better understanding how the walking environment can support or deter walking as a

behaviour and choice.

The main strength of thishapteris that it presents an overview of the understanding and
conceptualisation of walkability, basing on a systematic review of reviews and bridging across various
disciplines. A robust stocktake on this question is particularly important now, given the imperta

of urban retrofit supportive of walking as a mode of transport and further public health, liveability

and lower environmental impacts.

Thischapter alschas limitations. Firstly, as per nature of the umbrella review, it relies on the pre
existence oharrower component reviewf6]. However, this aspect can also bring an interesting

insight regarding needs for targeted component reviews. Sgcthre quality of the papers has not

been formally assessed, although limitations encountered have been described above. Lastly, the
analysis is constrained by the mentioned limitations. Again, this aspect can provide a useful stocktake
of the body of compnent reviews, echoing recommendations for an improved practice such as

outlined by Gebel and colleagust3].

This umbrellareview pointed towards the urgent need @f systemic approach to walking, as
suggested in the sociecological model. The roles BE social context, individual characteristics,
motivations and needs should therefore be considered together in relation to walking behaviours.
For that, the theorettal model outlined by Alfonzo, Mehta, Buckley and colleagues appears as a

sound platform to be informed through findings and further developed. The model hasfbebar
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developedthrough the identified evidence and named Social Model of Walkability. Mervan

overall lack okevidenceneeded to test the positedausal relationships is noted. Understanding

LJS 2 Lifedi)and expectations will becare element of investigation, and participatory methods
are recommended as a way forward, as previously maoended by Andrews and colleagues,
amongst otherg63]. This approach would reflect practices that have been developed and employed

by the consumer market with great success, in the last decH®ed44]

POSTSCRIPT

This thesiddentified from previous research the theoreticahfnework linking BE to walkingjrst
presented by Alfonzf43]. The theoretical frameworlwas named in this thesthe Social Model of
Walkability andvasfurther developed throughout the projecGiven he key importanceof the
framework it seemed appropriate tprovide an updateelative tostudies testing the framework

andpublished after the cubff date of the umbrella reviewApril 2019.

For this purpose, madditionalsearchfor papers citing f ¥ 2 y 1 2 Q awakjudotmedin G A 2 y
Scopus and ScienceDire¢his search focused on papers published between 2019 and the end of
May 2021 As in the first iteration, @apers testing the @&-w relationship and considereal least

some individual, trigrelated or social characteristics as moderating variabee included

The search yielded 62 papers that wassessed on title/abstract and full text for inclusidmo
additional papers informing the model were includdéem Cambra and Mura[61] and Shatiand

colleagueg145].

The five pieces of work testing the model ovésalpported the associations between (a) availability

of destinations and quality of the WE; (b) perceived walkability; and (c) walking behaviour (examining
numbers of people presefs3, 61] route preference$53, 145]or declared motivations for walking

[49, 54]or for route choicg53, 145).

The authors suggested important developments relative to

A The environmental characteristics that should be considered;

A Thehierarchy of walking needs; and

A Individual characteristics as possible moderators
These aspects atwiefly discussed beloydifferentiating between the testing previously identified
[49, 53, 54]and thenew contributiong61, 145]
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Environmental characteristicdPreviouslythe importance oholistic environments, human presence
and visual appal were suggested:he umbrella review identified howevérat previous evidence
tended to examine environmental featur@sisolation, rather than as components of a holistic
environment.Within the new contributionsCambra and Mourg1] precisely focused othe effects

of a holistic street redesign. Their findings suppbg potentials of holisticstreetsredesignto

improve walkilg experiencedrawing however attention on the need to better understand

A Therelative importance of different characteristics and its variations across pedsee
individual characteristics, belopgand
A Possiblesynergies betweerenvironmental factors resulting in higher perceived

walkability.

Both teamgreported difficulties associating O and P: Cambra and Moura noted that the relationship
was probably not a simple dosesponsd61], while Shatu and colleagues identified discrepancies
between measured and perceived environmental attribute45]. The authorsalso makeémportant
considerations regarding scad@d outcomessuggestinghat small scale improvements might

improve walking experience but not necessarily increase walking |&tes$u and colleagues
highlightfor their partthe difficulty of measuring accurately objective features of the BE (almost a

third of their participants were satisfied witlobjectivefeaturesdefined asiiow qualitye [145].

Hierarchy of walking needsPreviously, Mehta had suggested that the order of the hierarchy of
walking needs might vary depending on the situation and had added a level relative to belonging
[53]. Mehta questions the positioning of this new level in the hierarchy of needs. However, it could
also be argued that belonging relates to familiarity with the area, which isdividualcharacteristic
rather than an attribute of the environmenEamiliarity had already been identified asnaderator

of the OP associatiofd49, 121, 146]The new identified contributins do notsuggest altering the
hierarchy of walking needs. Shatu and colleadd5]identify however arassociation between

habits relative to the choice of routew/kiich further suggests familiarity) with the observexlite

choices indicating a moderating effect of habits on thegsience linking the BE to walking

Individual and triprelated characteristicsPreviously, authors had identified the importance of (a)
familiarity with the area as an enhancer of the walking experigf8gand a motivation to walking
[54]; (b) gender, age, level of education, and parental status as moderators of the associaRons O
[49]; and (c) the level of educatipas an influence of the modal choi@®]. In the new
contributions,Cambra and Mouraupportthe importance of triprelated characteristics, suggesting
that the importance of quality might vary across trips (lower for necessary, utilitarian f6ijs)

Shatu and colleagues identified level of education, gender, age, availability of motor vehicle, drivers'
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license, household size apdesence of children, personal income, motivations and beliefs as
explanatory variables for diverse®discrepancied 45]. The two additional papersutline however
the need to better understanthe mechanisms through which individual characteristics moderate

the O-P relationshig:

Further research is needed also to better understand the role of experience as a mediator betwee
perceived environment and active travel behaviour and to discern which population groups may b
reactive to changes in the built environnogwokeBrending of which factors are more influential to

whom and which synergies between the factors can provide more accomplished results are key tc

future urban interventions and policies aimed at increasiféd. lvalking

The retrieved literaturalsoincluded papers testing elements of the model and not the whole
sequence €P-w. Fancello and colleagu¢k4 7] suggested that the relative importance of different
levels of the hierarchy of heeds can vary across demographic groups. NaKadtisuggested the
importance of different demographic characteristics on the association between obj&fHwed
perceptions, as well asssociations between levels of the hierarchy of walking needs. An overview of

their findings is presented iAppendix 2C.

Table8 below reminds of the testing initialigentified andincludesthe contributions of the two

additional papers.
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Table8: Testing and development of Alfonzo's modgipdate, May 2021)

First author, Tests Methods and setting Findings Limitations

year

Mehta, 2008 Association Interviews of adults The model was overall supported Low sample number

[53] be?Wee” BE who visit .the three Detail, GP Participants including few oldet
(microscale chosen sites (three ) and no disabled adults
urban design  Main Streets in US Eas A Human presencadded to the pleasure of walking
qualities), Coast towns and Trip purpose not considered

A Holistic environmentsappeal of human presence and

gﬁgcfgj'tzns’ cities). visual interest bthe street, together Interview of people who visit
choice. N=51 A Suggested that the order of the hierarchy of walking nee the settingc no information

regarding barriers faced by

might vary depending on the situation thoseunable to access it

Suggested additions:

A The sense of belonging or familiaritgnowing shops and
cafes turned those places in social destinations, inéneas
their appeal

A The usefulness of available destinations
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First author Tests
year

Methods and setting

Findings

Limitations

Buckley, 2016 Agreement

[54] with 15
potential
motivators to
walking
chosen,
considering
demographic
and trip-
related
differences

Intercept surveys on a
major street in
Vancouver.

N =318

The model andhe levels of hierarchy of walking needs were overi

supported
Suggested additions:
A Internal motivations
A Personal values
Detail, OGP

A Importance of visual appeal (motivation)

A Basic needge.g. good footpaths, crossings) have a low

motivational interest

Detail, individual characteristics:

A Familiarityas a motivation

Chosen motivators tested were
not necessarily mutually
exclusive or complete

Participants including few oldet
and no disabled adults

Interview of people who visit
the settingg no information
regarding barriers faced by
those unable to access it

Ma and Cao, Associations

2019[49] between travel
behaviour,
perceived
neighbourhood
characteristics,
attitudes to
travel modes
and
demographic
data

Selfadministered
survey of residents
living in five chosen
corridors in Twin Cities
us.

N =1303

Availability of destinations associated with travel behaviour throu
perceptions, supporting the model

Modal preferencesvere associated with perceptions of accessibil
(small effect) and traMébehaviour (large effect)

Demographic characteristics moderate

A The associations between O and P (gender, age, level o
education, having children)

A The modal choice (level of education)

No data regarding possible
disability

O measures gbroximity of
destinations were poorly
FftA3IYySR 6A0GK L
perceptions. The association
was better after including trave
preferences but still imperfect,
indicating other possible
moderators
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First author, Tests Methods and setting Findings Limitations
year
Cambra 2020 Changes in Test of one improved The model was overall supported. Namebglesign of the WE véa  Non-representative sample:
[61] perceived area and two test associated witimproved walking experiencand higher levels of ~ 84% having completed
walking areasin Lisbon walking. university or higher education;
. 0 )
expenence and Assessment of O O-P: no clear doseesponse relationshipwalking experience only 6% people aged 65+; only
walking levels . . . . . . 1% unemployed, 0.2% stay at
. ..— dimensions 6 improved even with small changes. The moderating effect of trip
after a holistic . . o . home parent.
walkability (IAAPE purposes is assumed. Hypothesis: utilitarian, necgssgrs less
urban " . . .
. framework[122]), on-  sensitive to quality While the study considered fou
improvement : .
street quasi demographic groups (adults,
longitudinal children,seniors, mobility
retrospective survey, impaired) and two trip
and pedestrian counts. purposes (utilitarian and
_ recreation), the results were
N =802 (survey) not provided by group or
puprose.
Shatu 2019  Association University campus in  O-P:relatively poor agreement for all the tedddeatures of the WE Non-representative sample
[145] between BE, Brisbane. except "good crossing facilitiedifficulties of measuring accurately (students,54% aged 124, 37%
perceptions, Oalso resulted in apparent deviationd7%participantswere aged25-34, 9% age®5 and
Assessment of O e : .
and route . . satisfied with featuredeing measured as low qualjty abovée
choice and dimensions of
mo de?atin walkabilityand P-w associations supported, namely: importanaf distance and Disability status not noted
effects of 9 intercept survey (route different aspects of quality of the WE.
individual mapping factqrs Habitsidentified by participants as important for route choice
characteristics perceived as important
for the route choice, Individual characteristicsuggested as explanatory variables of th
attitudes to walking, apparentmismatches between O and P; namééuel of education
demographics. gender, age availability of motor vehicledrivers' licensehousehold
_ size and presence of childrgpersonal incomgmotivations and
N=178 beliefs
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CHAPTER 3: INFORMING THE THEORETICAL MODEL THROUGH A
SPECIFIC LITERATURE REVIEW

PREFACE

Following the establishment of tharaft Social Model oWalkability(chapter 2) this umbrella review
examines hovwobjective characteristics of the street environmemtsre associated tperceived

walkabilityand walking in previous research

Thischapteris based ora papersubmitted for publication imransmrtation Research Part F: Traffic
Psychology and Behaviodmtroductoryelementsrelative tothe notion of walkability and thdraft
Social Model of Walkabilityere slightly shortened, to reduce redundancies with previous

chapter.
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1 INTRODUCTION

A modal shift towards walkingf A 3y & gekporises © kliinatéSchafge, existing barriers to
participation, or sedentary lifestyleelated illnesse§b, 9, 105, 106, 148As seen previously (chapter
2), tis agreed that thevalking environment (WEhfluences human behaviours in conjunction with
individual, social/cultural, organisational, community, and policy dimensibmere isa general
consensus on the need for availability of destinations, absehbarriers or safetyThere ihowever
also a broad lack of consensus on the role that the quality of the WE plays in the choice of walking
[100].

Giventhe associations between WE and walkiagthors call for targeted retrofit of the built
environments aiming at addressing problematic aspefdt$, 106, 149]Prioritising improvements
requires however an understanding of how the environment influences walking, and what are the
relative potencies of different feature$hedraft Social Model of Walkabilityinking WE to walking,
wasidentified from previous literatur@nd updated Chapter 2Figure5, p.69). Thedraft Social

Model of Walkabilityisacceptedas the theoretical frameworior this chapter

¢KS fFrO01 2F FAINBSYSyid 2 yRlijdadheypdriunderstandngabe a g € 1 |
mechanisms through whicWE influences behavio(it50] lead tovariability around what is

investigated and reporte@Chapter 2)Variability relates to (a) WE characterisissumed to be

important but not necessarily correspondifigz  dza SNE Q  RPARS7,$E 158 8309y OS a
the relative importanceof different aspectge.g, safety, presence of destinations or design features)

across demographidg1, 43, 54] and (c) the measurement of Weatures, that can bebjective

perceived or a mix of botf63¢65].

Thedraft Social Model of Walkabilignd previous evidence consideljective and perceived aspects

astwo distinct contributors to walking as a behavid@hapter 2)The mechanisms through which

objective characteristics of the Wilfluenceperceptionsand furtherwalkingbehaviour need

however to be better understoof49, 50, 63] While the cognitive processes of perception are

beyond the scope of thihesisINE FSNJ (G2 ! £ @ bl Sskhelpfubidileptty Ay t SN
Fyrfearas YFI{Ay3 GKS OFrasS F2N) LISNOSLIiA2ya NBad
our environment, in which inputs from the objective features are analysed against previous

experiences and sensorimotor knowledge detive approach]153]. The enactive approach frames
perceptions as largely related to individual characteristics (different bodies as different probing

machines, and different g experiences and sensorimotor maps).
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The aim of this umbrella review is to summarise evidenceidewtify gaps from published reviews
2y (GKS aa20AFdA2ya 0SG6SSYy &LISOATAO 26hovDKI NI O
walkkingneedsar¥ S FNBY GKS g1 f{1{SNAQ LISNALSOG RSP ¢ KS

aims to better understanthis specific element of thdraft Social Model of Walkability

2 METHODS

The umbrella review was chosen to provide an overview of a broad qug8t6pand because a

number of specific reviews have been published recently. The methodology has been registered with
PROSPERO (1B2319).Reviewspublished between 2009 and 2020, inclusiaee consideredThe

start of the period of search relates to the fact that the rate of publication on walkability increased
a0GNRBy3Ate FFAGSNIunnd 6717m: 2F (GKS Sy fik.StartindE a5 I f
from 2009 allowed therefore to capture most of the evidence while reducing the risk of primary

results being repeated.

Theidentified reviews resulfrom (a)a systematic database screening using defisearch terms
and (b) a database screening for reviews citing the pageym Alfonzo, Mehta, and Buckley and
colleagueshaving developed or tested the modéi3, 53, 54]1 performed the filteringor inclusion,
data extraction and quality control of the included papérge quality of the present review was
controlled by the involvement of at leashe additionaimember of the team at each stage (filtering
for inclusion: EH 10%; data extraction: [M@s6; quality control of the included papers: MS 50%).

Discrepancies were resolved by discussion.

2.1 Scope

In this reviewthe scope is defined as the association between spadtifiective characteristicef

WE (O), andpeople® perceptionsof the satishction of their walking need$w). O can be measured
(e.g, distance to destinations) or audited (e.gresence of greenery in the street) and does not refer
to clusters of inputs (a walkability index is here considered as a cluster of inputs, aserendibes
mixing measured and perceived elements)cluding clustered, or composite indices, is a
methodological choice related to the objective of identifying how specific features relate to
perceived walkability. Although walkability indices have h&atge role in previous research and had
been associated to walking levg!, 65] this association does not provide insight as ¢avreach of
their components (typically, availability of destinations and road network geometry) associate with

perceptions.
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Pwwere grouped against the dimensions of the hierarchy of walking needs, from the most basic to

the aspirational (feasibility, acssibility, comfort, convenience, pleasuf@hapter 2) Associations

between O and perceptions other than the walking needs (noted.B, happiness) were also noted

and briefly discussed 2 012 LINBGARS | @GASs 2F LReWEyGALFf GaAfl

2.2 Search strategy

The search strategy was designed considering the strategies used by recent related systematic
NEGASgasr aSyarirogrie GdSadSR IyR OKSO1SR gAGK Gf

termsused for the systematic database screenfiogus on three topics:

1. Walking environmentLocal street environments and elements of street quality
2. User!! aSNEQ LISNOSLIWiA2ya 2F gltlloAfAdle oS3 |

3. Mode of travel:Walking, with or without assistive device, or wheelchair use

Given the interdisciplinary nature of this research topic, databases relevant to several fields were
screenedboth systematic screening and search for reviewsgieithe of the three papers of

interest}

A Health (CINAHL Complete, MedLine, PsycInfo, Sage Journals Public Health and SPORTDiscus);
A Urban design(Art & Architecture Complete); transportation (Transportation Research

Board); ergonomics and human factors (Ergonomics Abstracts); and
A Social sciencegHumanities International Index, SocINDEX, and Sage Journals Social Sciences

and Sociology).

The Jounal of Transport and Health is a recent publication not indexed in these databases. Given its
importance, it was added to the sources above. The detailed search strategy is presented in
Appendix3A.

2.3 Inclusion and exclusion criteria

Included records d&sfy the following conditions: (d)ocument type:Systematic review, nen
systematic review or thematic synthesis; (®ographical contextrban or suburban environments
in postindustrialised countries, defined as having both a high or very high Humagldpment

Index (HDI) and levels of car ownership of 200 or more vehicles per 1,000 population; (c)
Participants:Adults (defined as 18+); (thtervention(s), exposure(s)Objective characteristics of

the street environments; (eputcome(s) Participant LISNOSLIiA2ya 2F GKS 41
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2.4 Data extraction and quality control

The extracted data covers all aspects relevant to the quality control and the analysis of findings. The

full data extraction table is available Appendix3B.

The quality othe reviews was assessed using the Methodological Quality Checklist (MQC) as
adapted by Bambra and colleagyés4]. The MQC was developed for umbrella reviews, allowing a
pragmatic assessment of potential sources of bias, and used recently by Bird and colleagues in an
umbrella review addressing related topjd$5]. The MQC examines the definition of scope and
inclusion/exclusion criteria (population, interventionsdaoutcomes), reporting processes, the

internal control by the review team and the adequacy of the results presentation. The assessment of
guality was expanded for this study by adding two criteria recommended by Gebel and colleagues
[143]for reviews in this field. Specifically, noting if older adults and those with disabilities were
considered as separate groups, with results reported specifically for these groupsilithefity

assessment with the scoring framework is availablkppendix3C.

Ly GKS F16aSyO0S 2F | O2yaSyadza 2y 6KIG SY@ANRYY!
place, evidence was extracted against WE features that have been associditedking, or that
are assumed to be associated but for which evidence is not yet suffiiéaipter 2) The features

and the reasons for their inclusion are presentedppendix3D.

2.5 Levels of analysis

The results have been organised by the le¥ekwiew quality, and also by type of perception. These

types are

A Perceptions of WE characteristi¢g.g. perception of the availability of destinations);

A Perceived walkabilitfChapter 2 feasibility, accessibility, safety, comfort and pleasure;
and

A Broader perceptions not related to/broader than the walking needs.g, happiness or

social connectedness).

cC2ft2¢Ay3a DSo6St I yR Qm3]théfindindzSvere stratifed By YMp@tnR | (G A 2 v
individual characteristics such as old age or impairment (where possible), to avoid artificially masking

potential moderating effects.
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3 RESULTS

3.1 Overview of the examined studies

Twenty-one papers were included afténe search and filtering processutlined inFigure6 below.
Interestingly, 40% of the unique papers identified were published after April 2019. The identified

reviews reported on 73 associationsRv or OP.

# Records identified through database searching # Records identified through reference search
2,879 10

Y

322 duplicates removed

\ 4
# Records screened on title/abstract

2,567

v

2453 records excluded on title/abstract screening

# Full-text articles assessed for eligibility

114
P93 full-text articles excluded after full text review
# Records included Reasons for exclusion:

21 Not a review 10
Not reporting associations objective - perceived 69
Not examining street environments 10
Not examining an adult population 1
Other / off topic 3

Figure6: PRISMA flow diagram for article identification, screening, andlusion

3.1.1 Methodological quality

The Methodological Quality CheckiimMQC)score[154] ranges from zero to seven, higher values
representing higher quality. Thirteen studies (62%) scored 2 or Héle8¢167]and eight scored 4

or more[50, 16&174]. The quality of the primary studies was assessed in four reviews [1686)

169, 171, 172]Only one review indicated that more than one author had been involved in each
stage of datacollection, filtering, and analysj$72]while six reviews indicated involvement of

several authors in some of the stadé®, 16&171, 174] The reviews rated as having a lower quality
typically did not specify the search strategy, the inclusion/exclusion criteria, or the designs of each

primary studies.
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3.1.2 Studiesettings

Ten of the reviews examined mixed settings (i.e., urlsaburban, or rural), ten focused exclusively
on urban environment§l57, 162, 165, 169, 171, 172, 174, 1d@b§ one on suburban are§s59].
Given the relatively low number of identified reviews and the fact that less than half of them
targeted urban environmentghe initial focus on urban or suburban environments was broadened,
considering also studies that examine a rgmecified mix of urban, suburban, and rural

environments.

The countries or regions were specified in 39 of the cited primary studies reportingsmciations
O-Pw or OGP (22%3and related to North America (17 primary studies), Europe (11), South America
and Caribbean (4), Middle East, Africa and Asia (2 studies each), and Australia/New Zealand (1 study).

3.1.3 Individual characteristics

Population subgroups were treated differently. Four reviews focused on older adis, 160, 168,
170]while the other reviews did not specify any age group. Nineteen reviews (90%) did not specify
inclusion cteria relative to disability. Two of those reviews did indicate results from primary studies
that related to disabled peopl0, 163] One review focused on older adults using mobility devices
[156], and another on people with chronic health conditighg0], both suggesting frailty or
impairments. The types and levels of disability or chronic health condition were not reported, which

could lead to resultaggregated across a diversity of mobility needs

3.1.4 Objective and perceived walking environment

From the 21 included reviews, 11 reported associations between O aftiFBwl59, 161, 16365,

167, 170, 172174], while the 10 others reported associations between O and other perceptions
such ashappinesg§167]. The associations-Bw were often noted as a side note, for instance in
reviews examining associations betweg and behaviour. This is important because it suggests that

not all GPw associations from the primary studibave necessarily been reported.

3.1.5 Considered objective characteristics of the walking environment

The majority of the 73 associations reported between O and diverse perceptions related to the
availability of destinations (n = 28, 38%) or featurestidet design (n = 25, 34%; e.g. greenery in Six
cases, or lighting, in five). Other aspects were less frequently examined: traffic flows (n = 8, 11%),
characteristics of the pedestrian network such as connectivity or wayfinding (n = 4, 5%), maintenance
and degradation (n = 4, 5%), and activatippresence of people, transparent facades (n = 2, 3%).
Onlyone studyexamined holistic environmentsamely shared stree{d65], while theother studies

examinedisolated features of th&VE
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3.1.6 Considered perceptions

Seven reviews considered perceptions as outcarfes included perceptions relative to the
hierarchy of walking need®yv:accessibility156] and safety or reassuran¢&61]); to the
characteristics of the walking environmgp, 173), and threeexamined broader concepts
(fulfilment of social needs, for older adu[ts68], happines$167], and seHrated health and quality

of life [169]). Within the 73identified associations between O and any perception, 27 (37%) related
to Pw, the otherd6 associationgelating to broader concept$-ourteen of the identifiedeviews
considered norperceptual outcomesuch asvalkingbehaviouror physicahctivity andnoted some
perceptual aspects as illustration. For instance, Hunter and colleagues focused on physical activity in
green urban spaces, and noted that greeningard urban land can be positively associated with
higher physical activity but also lower stress leygKl]. As for the environmental characteristics,
the evidence appears as heteroclite gid2, 13] largely influenced by the scopes of individual

reviews (e.g. focusing on the determinants of happirjéé3]).

3.2 Association between objective charsiits of the walking
environment and perceived walkability

From the 27 associations between O and Pw, eight were from studies with quality scores of 4/7 and
above Table9) and nineteen from reviews with a quality score26f and below Table 10.

Strengthsof associatios were not indicated in most casgb, 93%)Detailed findings are presented

in Appendix3B. The associations are briefly summarised below agalvestévels of the hierarchy of

walking needs.

A Perceived feasibility and accessibilityere informed through findings related to older

people from one review of higher qualif¥70]and two reviews of quality®/7 [156, 163]

Reported barriers related to diverse dimensions of WE:
o Availability of destinationsg lower land use diversitgr residential densitf170];
o Walking networkg low street connectivity170], forced detoursstairs[163];
o0 Poor public transport servicg156];
o0 Footpathsdesign-inappropriate curb cut§l56]or conversely: a sense of ease when

ONRP&aaAAYyd AGNBSGA sAGK2HeE: St SySyda a88y |

o Poor footpath maintenanceg for instance snow not removeld 56];, and

o0 Inadequatewayfinding [156].

84



Chapter 3: Specific literature review

A Perceivedconveniencevas noted in three associations, each relating to crossing traffic
flows. People had the feeling of wasting time (low convenience) when crossing roads where
they had to make a detour to use a pedestrian overbrids3] or where they faced heavy
volumes of traffid164]. One of the primary studies cited by Hasan and Napiah specified that
pedestrans were comparing using the overbridge with crossing at level, against the traffic
[163]. Thispossibly higher relative convenienceuld contribute to not choosing to use
pedestrian overbridges, however the natuof the level crossings (traffic volume, speed,

carriageway width) was not informed.

A Perceived safetyvas associated with the traffic environment, lighting conditions and the
street design / greenery. Participants felt safer in better lit environm§ti®, 161] in
streets with a higher natural surveillance (transparent facafle®j], or in regreened
streets[171, 174] while the presencefdncivilities vasassociated to a higher fear of crime
and an increased perception of rigl& 3]. Some characteristics triggered mixed feelings:
footbridges were associated with perceived safety regarding traffic buttalseonvenient
(indirect) walking routes and higher fear of being assaultgth3], while shared streets

raised concerns regarding traffic but were associated with higher personal $§a6&iy

A Perceived comforwvas higher in environments illuminated with brighter street lights,
perceived as inviting and more comfortaljles9]. Presence of green apes or their
improvement was associated to lower experienced stress I1¢¥68& 171, 172, 174] this
perception is understood here as not directly reldtto walkability but to a broader

experience, however it could be argued that it includes an element of comfort.

A Perceived pleasurgvas higher in streets with calmed trafmd associated with the sense of
place(more human interaction and a general &ef enjoying a given spadd)s5]. Greenery
wasassociatedvith uplifted mood[162], happines$167]and a sense of belongif)66] ¢
perceptions broader than the walking needs Ipubbably contributing tahe walking

experience

Overall, the reviews did not provide sufficient information regarding how disability, age, familiarity or
seltselection might moderate the associations between O and P. Atoyebi and colleagues provided an
interesting insight in difficulties experienced blger users of mobility devicg$56], although they

grouped users who might have different needs (e.g. manual or power [@@jr The information

provided regarding the design of primary studies does not allow to comment on the causality of the
associations & or OPw. When detail regarding primary studies was provided, these were €ross

sectional.

85



Chapter 3: Specific literature review

An overview of the numbers of primary studies having established different associations is provided
in Figure?. The findings suggest research gaps in terms of (a) what is studied; (b) how it is studied;

and (c) the overall volume of evidence

A What is studiedmany environmental features were not examined in terms of percejgtion
they might trigger (for instance, no information was reported regarding how people feel
about availability of destinations, presence or absence of other people walking, noise levels,
pollution, number of traffic movements to watch when crossing, or trespnce or absence
of design cues aimed at blind people).

A How it is studied studies tend to report on associations between presence/absence of
certain features and perceptions, only few reporting on the qualities of these features. Most
of findings repor also on isolated features, with only one study having examined holistic
environments (traffic calming and street redes{dg65]).

A Volume of evidencel1 of the associations (41%) relate to the results on one primary study

only.

The associations betwedd and Pvare presented below for the studies witjuality scores of 4/7
and above Table9) andthe studiesa quality score 02/7 and below (Table 10An overview of the
associations €@w in terms of numbers of primary studies cited is presentdednre?, following the

tables
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Table9: Associations between objective WE characteristics grediceivedwalkability (review quality x4/7)

First Aim Population,  Population, Setting Association between objective BE Strength of N Associated
author, ages impairments characteristics (O) and perceptions (P) association primary pedestrian
year studies need
Hand C., Identify neighbourhood Older adults People with urban Low reighbourhood economic status 1 Accessibility
2012[170] characteristics related to at least half  chronic health associated withow independent participation
participation, in older the sample  conditions, in activities of daily livingADL)or instrumental
adults was age 55  without further activities of daily livinglADL)
years or more detail regarding
associated Low land-use diversity associated witbwer 1 Accessibility
impairments independent participation itADL
Sreet connectivity (density of intersections) 1 Accessibility

associated withess difficulty inndependent
participation inADL or IADL

Low housing densitgssociated witHower 1 Accessibility
independent participation inADL

Hunter, R Review of the evidence not specified no restriction/ urban Greening of vacant lots: removal of debris, Good 1 Safety
F, 2019 associating urban green focus grading, adding topsoil, planting grass and
[172] spacedo health, trees, and building a wooden fenessociated

wellbeing, and equity with feeling safer
Vos, M.C., Overview of the not specified no restriction/ urban Signs of disorder (e.g. graffiti, unreturned 1 Safety
2018[173] associations between focus shopping carts and visible violation of rules)

objective and perceived associated withower personal safety (risk,

cleanliness fear of cime)
Wilkie, S., Summarise the effects of not specified no restriction/ urban Creation of small parks on single plots of lanc 1 Safety
2019[174] BE on health and focus in socieeconomically disadvantaged areas

behaviours associated with safety

New cycleway (2.4km) associated with 1 Pleasure

perceived aesthetics
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Tablel10: Associations between objective WE characteristics quaiceived walkability(review quality X8/7)

First author,  Aim Population,  Population, Setting Association between objective B&haracteristics (O) and N primary Associated
year ages impairments perceptions (P]strengths of association not reported] studies pedestrian need
Atoyebi, O.A, Present an "older users of unclear Poor public transport service associated with perceived barrier 1 Accessibility
2019[156] overview of the adults", ages mobility to access
mobility not specified assistive rmited or | r———— ated with ved 1 A bilit
difficulties Bced devices, I:)ml.e tor inappropriatecurb cutsassociated with perceive ccessibility
by older people without arrier to access
using mobility further detail Wayfinding- signs placed in a way that is difficult to see, and/c 2 Accessibility
devices poorly designed associated with perceived barrier to access
Insufficient botpath maintenancdsnow and iceemoval) 1 Accessibility
associated with perceived barrier to access
Bullough, Examine the not specified not specified suburban  Bollard luminaires in pedestrian areas associated with comfor 1 Comfort
John D, 2017 effects of brighter "inviting public realm"”
[159] lighting at — - -
pedestrian lllumination from bright lighsources (mercury vapor lamps, 4 Safety

metal halide (MH) lamps, fluorescent lamps, and LEDS),

crossings
g compared with the more yellow light from higdressure sodium
(HPS) lamps associated with personal safety
Neighbourhoods illuminated by MH [metadlide] lamps 1 Comfort
associated with comfort
Fotios, S., Identify evidence not specified not specified unclear Improved lighting (e.g. 10 lux average and 5 lux min, as oppo: 5 Safety
2015[161] on correlations to 3.5 lux previously Painter 26,27), or better lit scenes (from
between road photos); in one case (Koga et al): better lighting AND "busy"
lighting and street associated with safety
reassurance — - — - - -
Street lighting (diverse situations) associated with security 1 Safety
Hasan, R., Identify factors not specified no restriction/  unclear Footbridge associated with effort, or low convenience 1 Convenience
2017[163] influencing the focus T - ied with difficul bl
use of footbridges Route involving stairassociated with difficulty 1 Accessibility
Footbridge associated with safety 3 Safety
Footbridge, compared by pedestrians with the possibilities of 1 Convenience

crossing at level associated with ease
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First author,  Aim Population,  Population, Setting Association between objective B&haracteristics (O) and N primary Associated
year ages impairments perceptions (P]strengths of association not reported] studies pedestrian need
Jacobsen, P.L. examine effects  not specified norestriction/  unclear Traffic volume (increase) associated with increased delay for 1 Convenience
2009[164] of traffic on focus crossing
walking and
cycling
Karndacharuk Inform the not specified no restriction/  urban Traffic calming a priori mainly speed reductiorthrough 11 Pleasure
A., 2014165] evolution of the focus techniques such as Liveable Streets, Living Streets, Civilised
concept of shared Streets, Complete Streets, and Road Dsstogiated with a sense
spaces, from a NZ of place
perspective Street redesign with level, paved surface; minimum signage a 2 Safety
marking; majority (72%) of the intersection space accessible t
vehicles, with little provision for sojourning; speed limit of 20
mph (32km/h) associated with concern, or being worried abou
sharing the space with vehicles
Street redesign with a level, paved surface, minimal signage ¢ 3 Safety
marking, new trees, lighting, and fountains; roundabout with
road surface marking, angrovision of formal pedestrian
crossings (zebra) and informal crossings with speed tables. U
of different materials to delineate pedestrian and vehicle area:
associated with safety regarding trafiod personal safety
Pfeiffer, D., Identify how not specified no restriction/  unclear Buildings with transparent facades overlooking the street (mor 1 Safety
2016[167] planners can focus or less) associated with personal security, which in turn

contribute to
residents'
happiness, at the
neighbourhood
level

correlates with happiness

89



Chapter 3: Specific literature review

Associations identified between BE" features and perceptions of walking needs
v0 17.1.21 ; N reviews considered= 10 ; quaility assessed based on the Methodological Quality Checklist
incivilities (graffiti, litter, turned trash cans etc)-
footpath maintenance
lighting
holistic street redesign, shared space
crossing facilities, detail
crossing facilities & traffic 1 ' . L]
bicycle infrastructure
traffic volume
traffic calming (a priori mainly speed)
transparent facades
liveliness
wayfinding
public transport
outdoor recreation/parks

Accessibility Comfort Convenience Pleasure Safety
Perceptions, grouped by the hierarchy of walking needs**

Environmental features associated to perceptions of the walking needs

i L B 10 ) A
Numnber of primary sources cited 4 . Quality score of the review [range: 1-7] _
1 2 3 4 5

* BE: built environment; * Safety includes personal safety and traffic; Pleasure includes sense of place (11 studies) or aesthetics; Accessibility includes notions of ease or difficulty

Figure7: Overview of the associations between objecti\BE characteristics and perceptions of walking needs
for the included reviewgn = 21)

3.3 Association between characteristics of the walking environment as
measured vs as perceived

The review by Orstad and colleagyig8] was unigque in that that it examined the levels of
agreement between WE characteristics as measured and as perceived by users. This ewvev sh
that current measurements of objective characteristics of the WE were very loosely correlated to
LIS2 LX SQa LIS NI&nkldharacifristic® ahd tiiakii®e &sSociations with broader
perceptions were poorly informefb0]. For instance, it was shown that objective and perceived
"neighbourhood traffic" had a virtually neaxistent linear correlation whereas in others, agreement
between them was moderate (r=.203)[50] . These results could mean that users have thresholds
related to their ability to deal with that traffic to cross the street. The levels of agreement between
objective and perceived weliaconsistent and generally poor. Among the 165 associations where
kappa statistics were provided (50%), levels of agreement were slight or poor in 119 cases
(72%;kappaxt.2), fair in 41 cases (34%, 0.2 < kapfa6), and moderate in six cases (0.6 <gaaiix
0.8). None of the associations had substantial or high agreement (kappg54].8jhe objective
measures relied on GIS, audit, or other data. The perimeters within which theasures were

obtainedg SNBE RAGSNES YR RAR y2i0 ySOSaalNARfe& O2NNB:
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3.4 Association between objective characteristics of the walking
environment and perceptions not related to / broader than walkability

Thereportedas0A F GA2ya 06S0G6SSy h FyR t oNRARYy3a |y AyidSN
features of the WE can have. They could inform if there are taitieto be made between

walkability and other desired outcomes.

Overall, all the associations reported suppibre idea that features contributing to better
perceptions of walkability also contribute to broader positive outcomes. The reviews indicated the
importance of the presence of nature, destinations, public transport. Conversely, traffic and traffic

relatedinfrastructure were detrimental to health and wédking.

Green streets and the availability of nearby green spagesre associated with stress reduction
[166, 171, 172, 174]Juplifted mood[162], happines$l167], a sense of belongirf@66], healthrelated
quality of life[169], a higher perceived social cohes[d66], lesser depression scorgib8]and
Y2NB LR AAMAMBPS FTSStAyIaé

Presence of third placesuch as pubs and churches was associated to a higher pedcsicial

connectedness, for communigwelling adults aged 65 and ov@68].

Availability of public transportnear home was linked to wetleing[157]and happines§l67],

although the reviews did not provide insight regarding distances to the stops or the quality of service.
Badland and Pearce reported also that a lack of public transport was also perceived psrtrans
disadvantagg157].

Traffic, and traffierelated infrastructurewere detrimental to health and webeing: high traffic
volumes were associated to less neighbourhood tfué#], the presence of important roads was
negatively related to happine$$67]and air pollution (fine particulate matter) was linked to anxiety
[158]. Conversely, interventions aiming at reducing traffic speedseations of city centre streets

were met with an overwhelming support from both users and busisoegsers[165].

There was one exception to the broad idea that better walkability contributes to better broader
outcomes: Carr and colleagues noted that older adults could feel segregatedtagairstigmatised

as a senior or disabled person, if they had to use special accessibility design fgE80fes
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4 DISCUSSION AND CONCLUSION

4.1 Summary of aims

Tomy knowledge, this umbrella review is the first to addresses the broad question of how objective
WECcharacteristics are related to perceptions of satisfaction of walking needs. Informing this

I 34a20AFGA2Y A& ONHzOALI £ F2NJ F2dzNJ NBFaz2yad CANBUGC
decisions on walkin@#9¢51], as conceptualised within thdraft Social Model of Walkability (Chapter

2)F YR aSKNJI 6 A I fyaméwgrRlinkindgzngirSrimén & behaviours through the

moderating effect of emotions or perceptiofs2] (StimuliOrganisrResponse framework)

Secondly, a focus dnlS 2 LaxgR@eces constitutes a needed step away from what Andrews and

02t ft SI 3dzSaSYyBNSRY iF B2l {63]and tovianddrehwidn@erits that are

satisfying for their userid9, 57, 152, 176, 177Thirdly,LJS 2 Lifisi§Hisidan be used identify the

specificWE characteristics that need to be improved or providedyrovide for walking as a

comfortable and pleasanhode of transpor® CA Yy | f £ @ 3 LIS2 L)X SQ& LISNOSLIA ;
correlated with broader outcomes such as health and veihg[138, 178, 179]and thereis a need

to understand determinants of these perceptions.

A review of peerreviewed reviews was undertaken, examining publications from the last 11 years
F3a20AF0Ay3 AaLISOATFAO 202S0O0GAGBS 29 OKFNIOGSNREG)
taken for the identification of the records, the quality control and the data extraction. From the

2,889 identified records, 114 were assessed on full text and 21 were included. The evidence is

limited, especially considering the importance of this tdpithe current situation of rapid

urbanisation[5, 109]coupled with the need to leverage walking as part of the response to climate

urgency, sedentary lifestyles and the need for more liveable, inclusive [&figé4, 91, 104]Eight of

the papers were considered as being of higher quality. Controlling for the type of environment

(urban or rural), population ages and impairmentssvpamor overall. Dimensions of safety were

examined more frequently than accessibility or comfort.
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4.2 Association between objective WE characteristics and perceptions

The evidence related objective WE characteristics to perceptions of (a) the sametetistias; (b)
the satisfaction of walking needs; and (c) broader constructs such as happiness. Results from the

three types of reviews are discussed below in the light of previous findings.

4.2.1 Association between objective and perceived WE characteriss.

The review by Orstad and colleagues was the only one that examined objective measures of features
2F GKS 29 3FAyad LIS2LX SQHEO0 LiSthlixdledlithartyisa 2 F G KS ¢
F3a20AF0A2y KIFa 0SSy AYyTF2N¥YSR 2yfé F2NI I FSg 2 ¢
measures may capture different constructs, and seemingly comparable variables may be

O2 y OS LJi dzI &nd 8uggisthd dausaf €2duénce limg objective features to perceptions

should be better understoofb0]. Low agreement could relate to the diversity in the measurement

of both objective characterigts and perceptions or to aggregation of results across diverse

populations. This review sought to extract for each individual association data relative to the

measuring protocols, the setting, the population (number, impairments, ages, gender, and other
characteristics noted) and the measure of strength of association. However, none of the associations

was reported with all those characteristics (for instance, none reported explicitly on disability).

Poor levels of agreement between O and Pw could betdueo aspects. Firstly, insufficient

accounting for differences across pedestrian groups known to or suspected of acting as moderators
the list (by no means exhaustive) includes different types of disability and mobility deviceld Gsed

24], age group$122], or habits and familiaritj152, 180, 181]Another limitation relates to
AYSTFTFAOASYG |1002dzydAy3a F2NJ aglf(1SNRQ LX I & 3N dzy |
not relevant to users, or missing ones that §B&, 63, 179] Such elements refer to constructivist
theories developed in the 1960s that argue that the city is in part an acquired and therefore crucially
personal construcfl25, 176, 182, 182184]. The findings also relate to the theory of affordances,
seeing the environment through the possibilities it offers ug&85]. Some authors have suggested

that the concept of affordance should be extended to speaily address the aspect of experiential
quality they can represent for different users, varying with their constraints and motivdtl&e$

Future research should inform the®w associations separately for diverse users, split namely by
type of disability / nordisabled, mobility device used, and age groups, controlling for familiarity and

habitual travel modes.
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4.2.2 Association between objective WE characteristics and perceived walkability

Chapter 2 haddentified that past research liaput a considerable effort into understanding the links
between WE and walking as a behaviour, but that the results showed significant inconsisténcies

gl a adz33aSadSR GKFG GKS 02 yauld e paidf ihelisye: perdeptiadS 2 LI S ¢
can be usedhterchangeably with objective measures or not at all, and most often without

considering the moderating effects widividual socialor trip-related characteristics (e.g., disability,

availability of modal options,rdrip purpose).

The presenthapteraimed to fill this gap by examining how specific measures of the WE are
associated with perceived walkability. The noted associations were overall conceptually consistent
with previous research. For instance, land i&gBset connectivity and crossing facilities were
associated to perceived feasibility or ease of walking, which is consiginthe consensus on the
importance of the availability afestinations within walkable distan@nd a certain lack of barriers

to acces¢Chapter 2)

The results were unsurprising in the light of previous research but also often reported in ways that
are too vague to draw conclusions. In addition, the dearth of reviews focusing on the associations O
Pw induces the risk that the reped results are incomplete, potentially failing to include non
significant findings that could have helped the understanding of association mechamisiss.
chapteroutlined howeverevidence gaps relative to wagbjective characteristics correlate with

LJS 2 LiferBeQtidns providinga rationale for much needegh) multi-disciplinary researchiming at
relating walking experience / UX to the V&ad (b) retrofit of the WEnN a way that enables and

encourages walking.he five types of evidence gapscounteredare briefly presented below.

Lack of evidence regarding what O features are associated with each level of the hierarchy of walking ne
Only one of the identified reviews questioned what features of the WE contributed to a specific
perception of walkability (difficulty of access, for older mobitigvice userg156], quality score

1.5).The associations-Bw reported by other reviews were reported mostly as illustrations, to

explain why certain features might influence examined outcomes, {gadking and cyclinfLl64] or

use of footbridge$163]). Theefore, the identifiedresults cannot be assumed to be complete, and

there isa significant risk that contradictory or negignificant @GPw associations had not been

reported.
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Insufficient evidence relative to holistic environments

Few of the reported associations considered holistic environmé@mdacharuland colleagues

provided most of the evidence identified, as their review examined shared spaces and therefore
reported on a range of measures relative to design and traffic calfhB®]. The other review

reported on single aspects, with the exception of one association reported by Fotios and colleagues
(feelingof safety associated with streets that are both wléland lively[161]). As already noted in
Chapter 2, exkamining single aspects can be problematic given the loss of contextual and systemic
elements that could have been important for understanding the associations. For instance, Hasan
and Napiah reported some perceptions of footbridges, noting howévat the footbridge can seem

like an extra efforivhencrossing at level is seen as feasible and more desifa68}. Examining the
footbridgein comparison witlihe at-level alternative, informing both alternates (e.g.distance,
directness, difference of levedy risk) could have provided better insight regarding why people

prefer risking to cross the road at le\aid how the choice they make compares with the alternative
Equally, more evidence would beedrd to better understand how specific aspects of a holistic
environment contribute to dype ofperception. For instance, a nesignalised crossing could be seen

as manageable in a low speed and low traffic environment, but difficult on a-landihightraffic

road. Mariela Alfonzo had also illustrated the antithesis of the holistic approach as studying perfectly
designed footpaths in a vacuum and trying to establish correlations with walking: if those footpaths
are designed in vastly calominated envionments and lead to nowhere, it can be reasonable to
GKAY]l GKSe& ¢2yQl 0S HBBRI y2 YIFGGSNI G§KSANI |jdz £ )

Lack of certainty regarding what characteristics of <hdedduseaneasured and how

The initialaim to consider only specific and measured WE features had to be breddéven that

the vast majority of the identified evidence related to vaguely described features. For instance, when
Atoyebi and colleaguasention poor public transport servicgl56], itis not clear if they refer to the
distance to bus stops, the frequency of services, the number of destinations reachable, the travel

times, the onboard comfort, or a combination of different of those parameters.
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The difficulty of measuring the quality disNBE S Sy @ANRYYSydGa gt a Affdzadl
finding that special accessibility design features could make older adults could feel stigmatised as a
senior or disabled persdi60]. As noted earlier (Chapter 2)eyond the presence/absence of a

feature, its characteristics should lexamined. Herethe issuemight not be the presence ahe

accessibility feature as such, hitg design and integratioto the environment: it is possible that a

given plaza designed either with a continuous and smoottigra. or with a main access with stairs

and a small side access ramp might have different outcomes regarding perceived accessibility and
feelings of stigmatisation, for disabled people. In this example, the gradient would not be a sufficient
measure: objetive assessment would have to address the whole space and capture barriers (e.g.

stairs).

Insufficient reporting on the objective measures of O features

¢KS y2GSR LR22NI Faaz20Alrt A2y 06S0i6SSy 29 OKIF NI OGS
characeristics present a major difficulty for the associations between WE as measured and

perceived walkability. The challenge is in the question whether we are measuring the appropriate
parameter, in the appropriate way. For instance, examining how people peft6 & INB Sy SNE ¢
OSNIiIAyG& | NPdzyR K2 ¢ gisdthB RuyhlseNdst tiees Mieir dersity,ate O LJG dzl
canopy coverage, a combination of those, or something else? The problem becomes even more
complex for assessing holistic environmemtbere research needs to identify the features to be

informed and the metrics to inform each of them.

Insufficient consideration of individual characteristics

Few of the associations reported provided any information about the people whose perceptions
wereNB L2 NI SR® {2YS aLR1S 2F 62t RSNJ I Rdzf §aé¢s 27FaS
disability was never informed regarding types and levels, as recommended by the Washington Group
on Disability{188]. Disability was indirectly addressed wat reviews: Atoyebi and colleagues

reported on users of mobility devicgs56]and Hand and colleagues focused on people with chronic
health conditiond170], but neither review characterised the populations in terms of disability.

Knowing that disabled people are a diverse group and tteir needs can be largely vari§th, 24]

findings should be reported against types and levels of disability, using a validated apguchdis

the Washington Group on Disability statistigsiestionnaire based on th&Vorld Health
hNBFYATFGA2YyQa LYGSNYIFGA2Yy Lt /fl aaABglRdcenh 2y 2 7F
findings also showed that characteristics such as modal preferences interfered with perceptions of
acces#ility of destinations on foof49]. Overalland as already identified in Chapteradsociations

for O-Pw aggregated across potentially diverse demographic run the risk of generating noise in the

results and hiding features of importance for specifiougps.
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4.2 Strengths and limitations

Thischapterpresents three main contributions. Firstly, thisibrella reviewidentified a limited

reporting of the mechanismiirough which WEnfluencesLJS 2 LjferSeQtinsand providel a

rationale for much needed muldisciplinary research. Secondly, existing evidence was systematically
searched and summarised so to inform diraft Social Model of Walkabilityleveloping on the
understanding of how features of the walking environmassociate with the hierarchy of needs.
Thirdly,the findingscan support practitioners and decisiomakers in their work towards leveraging
potentials for walkingas they identify features asciated withdifferent levels othe hierarchy of

walking needsstarting withthe most fundamentabnes Identifying locateterrentsto walking(e.g,
stretches of high traffic roads without signalised crossings) and overlaying them with a vision of
potential demand (e.gapplying tools like Space Syn{ag9, 190] can provide local authorities with

a draft retrofit program.

This work presents several limitations. First, a broad overview is provided and does not offec specif
understanding. Second the umbrella review design meant that while the quality of the identified
reviews was considered, the qualities of their primary sources were not. Third, limiting the inclusion
to the past 11 years means that some evidence wasaosidered because too old for the inclusion
criteria of the examined reviews. Fourth, grey literature was not considered, excluding possible

valuable evidence from local transport authorities for instance.

4.1 Future research

This umbrella reviewuggestshe need for research improving the understanding of the pathways
linking WE features to perceived walkabilitgr different people Similarly toPfeiffer and colleagues
examinnghappiness as an outconamd identifying its determinantll 67], there is a need for review
examiningwhat contributes to each of thbig categories of pedestrian needs (feasibility,
accessibility, safety, comfort and pleas(d&]). No such review was identified herEhere is also a
need for research that considers the specific roles of numerous impowé&ntharacteristics missing
from the identified evidence. For instance, reviews should examine how the presence of other
people walking or sojourninig associateavith perceptions of safety, comfort or pleasure
(associations observed ethnographically by Jane Jacobs in the 1960s §li2&{jjyor how
combinations of traffic volumes, speeds and crossing faciitiesassociateavith perceived ability to
cross the stregtcomfort or safety, and how these vary across demographlogparallel with
informing the associations between objective and perceived features, the causal relationships with

the choice of walking need to be strengthened, examimingices in the light of both dimesions
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Future research and evidence collection will necessarily suffer of the complexity relative to linking
the vastness o¥WE characteristics and attribute to the extensive breadth and complexity of human
perceptions. Five aspects seem important to ddag for the quality of the future results and their

usability by practitioners.

1. wSadzZ Ga aK2dz R RA a SWHichayagtérifticsicdatibuté b onji ¢ 6 g K
alGAaTFIOGAZY 2F 41 f1Ay3d ySSRa0v FTNRBey GKS GK2
dimension & importance is often missingithough capturing it can strongly contributie
focus attention on the key features to be addres$&d].

2. ObjectiveWE characteistics considered should be clearly defined at an appropriate scale
and ideally draw from a list that is comprehensive, minimal, and mutually exc[@4ijyeo
to provide specific insights for the transport planning and urban design pracGoesent
evidence is difficult to aggregate fisdings relag to slightly different constructsAs an
example examining separately traffic speedblume, and geometric characteristics of the
street could be more informative than talking abautK S @& G NI FFA O¢

3. Ensembles of BE characteristics should be related to perceptions of walking neHuis
recommendation relates to both the need of holistic pictures (above) and framing
perceptions in a way that relates to thikaft Social Model of Walkability

4. Studies exarming walking as an outcome should also consider it as an injpuésence of
people in the public space, contributing to its attractivengs&3¢125, 191]).

5. The points above should be examined separately for different demographir®ss
important individual characteristics noted abolat also across cultural and social groups. It
is recommended to start filling the evidence gaps by focusing to those populations having
highest difficulties of access, given the potential of this approach to deliver environments

that are inclusive and wérfor broad population§ll, 16, 57]

Given the complexity of the associations between objeativaracteristicof the WE and perceived
walkability, including numbeof moderating factorsit is recommended the points above be

addressed througlkystematic literature reviewdesigned based on the draft Social Model of
Walkability Meta-analyses are gected to face the difficulty of the diversity of methods and

measures noted. The work of systematic evidence assessment is nonetheless necessary for helping
prioritise urban improvements and raising the awareness in academia regarding the importance of
comparable methodologies and measures for capturing O and P. It is recommended the
methodologies and metrics be developed by an international research group including walkability

researchers from public health, transport planning, urban design, geographsoaiaogy namely.
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CHAPTER 4: STUDY 1 — STREET ENVIRONMENTS’ BARRIERS TO
WALKING IN AUCKLAND, QUANTITATIVE ANALYSIS OF LOCAL
EVIDENCE

PREFACE

This chapter examines how the perceptions of the walking environment vary between people who
R2y Qi o1 ft1 | YR doKedtadnvisoKrentRisikls oktle fihdingd fraddthe

previous chaptersnamely (a}he draft Social Model of Walkabilitand (b)the acknowledged lack of
consensus around wh&VEcharacteristics matter, how muchndfor whom. The relative

importance ofperceptions as well gsersonrelated variablesre explored.This study develops the
understanding ofvalkability as a amplex constructfocusing on the associations between

perceptions and behaviour

Thechapteris basedn a paper published ifiransportation Research Part F: Traffic Psychology and
Behaviouf192], included in the appendices (from pageblZhe text presented here has undergone
minor editsto improve readability(e.g.,shortening the contextual elements presented in the
introduction). The initial paper referred to Urban Environment (Ui)ich was here reframed as

Walking Environment (WE), a more specific construct applied inghemingchapters.
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1 INTRODUCTION

Chapters 2 and 3 identified that whitealkability research has made important progress in
understanding walking behaviour and barriers to walkthgre isno consensus on theelative
importance of divers&VEcharacteristics omvalking It is unclear ifan ideal of walkability exists and

can be linked tavalking behaviourNonethelessit is importantto also understand what isot

walkable and might shift people to use another mode or avoid trips within walking disfahcé3,

54]. The draft Social Model of Walkability was identified based on previous research and developed
Chapter Zoncluded that little attention hd been given to environmeit perceptions in both

research and in the modernist approaches to urban design and transport plamdaggite their
importance as moderator of the relationship between WE and behayvichischapterbuilds on the
findings ofchapters 2 and 3exploring he associations between perceptions, individual

characteristics and walking behaviaaorAuckland

Auckland TranspofAT)is the agency charged with urban transport planning and operations. Data
from Auckland Transport's Active Modes online survey (Adeg)iwere usedvith the permission of

AT'. The AT survey aims to understand behaviours, attitudes and perceptions of different modes of
travel, over timeg193], capturing perceptions of the walking environments, as well as a vast array of

possible motiviors and deterrents, and travel behaviour.
Thischapterconsideravalking levelss outcome, comparinthe relativeimportance of

A Perceptions of theWEcharacteristicsand namely those perceptions relative to the
satisfaction of the walking needs;
A Public transport(PT)useand

A Individual characteristics

The individual variables used as inputs all relate conceptually to walking, however the novelty of the
present approachvasto consider them simultaneously against the walking behaviour. The
assumptiorwasthat all three aspects play a role in predicting walking levels, the focus being on their

relative importance.

4 Email from Carol Christi€ustomer Insights AdvisdCustomer Experiendeam; Email fromFriday, 23
November 2018 3:34 precLily Linton (AT); Jena Western (Al Rebecca Ellery (AT)
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2 METHODOLOGY

2.1Setting and data

I dzO1 t I Y RQa , pRoSitiZicgtr®ihgYré&syltéd in cacentric mobility patterns with broad
consequ@ceson public health, social isolatiopyoductivity, climate changeand discrimination
against those who do not driygaeeChapter 1study setting) Adults walk about 450m on average
per day[194]and 17% of trip leg95], versus for instance 25 to 28% of all trips for the cities of
London[196], Vancouvef197] or Vienng198]. Walking is often perceived as complicated or
stressful[199, 200] For nondisabled people, identified deterrents include environmepésceived
as unpleasanf78, 201] or dangerous regarding traffic and crif91¢204]. Disabled people face

acute barriers to acce$84], a situation common itNew Zealandi205¢207].

TheATsurvey is conducted on an annual basis. The complete survey methods are provided
elsewhere[83]. Briefly, participants are contacted by an independent organisation through email
invitations. Representativeness is sought by age, gender, and neighbourhood of residence. In this
study, data collected between 2016 and 2018 (inclusive, N=4,114) werdreedrable 1 shows the

characteristics of the dataset relative to the total Auckland population.

Tablell: Overview of the survey population vs. total Auckland population

Data category N N% Total Auckland population
Participants 4ged >14 years) 4,114 1.26 n¥®

X 6AGK RAFFAOA398 9.7 13%[77]7

X 3SR Bmy &S51399% 97.1 95%5

X 3SR Becpeé Sl N317 13 15%°

Number of trips madé 92,071

X o6l t1SR 23,814 26

X driven 52,616 57

5 Census 2018, http://nzdotstat.stats.govt.nz

hdooz 2F 1 dzO1fFYyRQA wnamy LIRLz FdGA2Y | 3SR wmpb

"The NZ 2018 Census data disability types and levels for Auckland are not available at this stage (July 2020).
Data from the 2013 Disability survey are noted for reference

8 Survey: trips made in the previous week; 3.2 trips per person per day. These cannot be directly compared
with the total trips made in Auckland as the survey methods differ. The driving age limit is 16, therefore the 25
participants aged 15 were not drivers.
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2.2Survey questions

The 2018 survey included 28 questions on cycling and 16 on walking. Questions of specific interest
for this study includefa) walking behaviourg number of trips for transport in the previous week,
walked or done bypther modes, by purposéb) attitudes to walking and overall satisfactign

(c) perceptions of the walking environmentperceived safety and agreement/disagreement with

14 possible deterrents to walkinggl) internal motivations for walking(potential motivations

presented with options to agree or disagree); as well as individual characteristics. The ten survey
questions that were examined in relation to the points above are presentégpendix4A, and a

few examples are presentdd Tablel2 below for illustration.

Table12: Subsample of survey questions, for illustration (séppendix 4Afor the full list)

Code Question Possibleanswers

S7 1 Do you have any disability or impairment that affects your ability to wey/n

Q10 From the list below, what are the key reasons you choose to walk? Ply/n for each possibl
select all that apply motivator

o ¢CKSNBQa y2 20KSNJ gle (G2 3Si
o Keeps mdit / helps me get fitter

o LiQa ¥Fdzy

0 Saves money

0 Saves time

o More consistent travel time

o0 Avoids parking hassles

o Availability of paths / walking routes

0 Helps reduce traffic congestion

0 Helps address environmental concerns

o t NEGARSA YS 4AGK &a2YS wysS &
o Allowsme to enjoy the weather

0 Better routes are available than previously

o Other (please specify)

B8 Which of the following statements best describes you when it comes ‘One choice
walking, and the amount of walking you dBRaseselect one only

o lonlywalkif | have to
o | would like to walk less
o | am happy with the amount of walking | do

o | would like to walk more
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Most variables were dichotomous (yes/no), while for some, participants were asked to give a rating
between 0 and 10¢(g., inthe question B14, about the perceived safety, O correspondblat at all

safe" and 10 to "Extremely safehe ten considered survey questions correspond to a total of

A1PF NRFof Say F2NJ Ayaidl yOssielov Wt alp trSkeyirdagoyflsyoum n > & C
OK22a$S (2 ¢lf1K ttSIrasS astsSoa Ftf GKFG LY eéx
item is considered as one variable. Two limitations should be natgdwalking" doesn't include

using a wheelchaignd @) respondents with "any disability or impairment (affecting their ability to
gt10é 2N GK2asS K2 R2yQil gLt G €SFad Y2yuaKf:

and barriers.

2.3Data preparation and analysis

Prior to analysisparticipants were excluded if they reported difficulties walking or declared walking

Wy SHSND 2N WHEY2a4d ySOSNRI a GKS&aS AYRADARdZ f:
the environment or their motivations. An upper threshold of 30 tripsked was set, excluding 2.9%

of observations (103 observations) which were likely data entry errors (for instance, one participant
y2GSR nyc GNARLA é6Ff1SR Ay I 6SS10d bSEGTI 4t 1Ay
walking by first splittinghe data into tertiles and retaining the first and third tertiles. The first tertile
corresponds to O trips walked in the previous week (n=1343, 39% of the sample), while the third

tertile corresponds to five or more walking trips in the previous week 283135%). This split was
OK2aSy (2 YFEAYAAS (KS KSGSNRr3aSySiaite o0SisSSy 3l
on most days of the week. This meant that 3,456 of the initial 4,114 participants were included in the

analysis.

First, pairwise assations among perceptions, motivations, individual characteristics, and walking
behaviour were examined using a series ofsthiared tests. All 41 candidate variables were

examined after having been dichotomised (variables measured qi@ likert were dihotomised

a SAGKSNI aLI22NE 60Sf26 nkmny 26)\vedeficHdédtto 0 62 3 S

highlight differences between lower or higher characteristics.

{SO2yRfte&z YIOKAYS tSIFENYAy3 ¢l & dzaSR thevaribiie® RA O
related to perceptions, motivations, and individual characteristics. Machine learning is seen as a
promising tool to address the inherent complexity of walking, related namely to a multiplicity of
dimensions and variables having associatieite each othef208], but also to the uncertainty

around their relative importancf1, 54]

103



Chapter 4: Study 1

From the 41 variables identified as conceptually related to our questisabaet of 33 were chosen
to (a) avoid redundancy or replication of information (e.g. the number of trips walked and the
declared frequency of walking were seen as redundant, and declared frequency was therefore
removed), andlf) omit variables that had tge numbers of missing values. A gradibobsting
machine (GBM) algorithm was selected given its ability to identify patterns from a large array of
variables, selecting those that are most relevant for improving prediction acc[#88} These
characteristics set GBM apart from traditional methods such as logistic regression, generally
incompatble with a high number of independent variables, particularly those with a high level of
internal association (see results of pairwise associations below). A GBM consists of multiple decision
trees which are fit sequentially, each aiming to explain themresulting from the previous

tree [209].

Prior to training the model, the observations veerandomly assigned to a training set for model
development and a test set for model evaluati@®®% /20% of the data)Using the training set, the
optimal model hyperparameters were identified. Firstly, several tree depths (1 to 5) were evaluated
using he area under the receiver operating characteristic curve (AUC) metric. A depthasf 2
selected as it maximised the AUC (0.80). To avoid overfitting the model, the number of iterations
(i.e, the number of trees) was dictated by a stopping criterionfdwsing 2€fold cross

validation[209, 210] This method automatically selects the inflection point where performance on
the validation data starts to decrease while performance on the training data continues to improve.
The predictive accuracy of the optimal model was then evaluated by usingdtelno predict

walking behaviour using the 20% of data reserved for testing.

The relative importance of each variable for predicting walking behaviour was also computed during
the model training process. This metric is based on the reduction in erroy éuge a given variable

is included in a tre¢209]. The importance odll variables susito 100%. A variable with a relative
importance of 30% can be interpreted as accounting for 30% of the reduction in model error, given

this set of variablesGiven the high observed importance of, B&parate modela/eretrained for

users (n = 822) and nareers (n = 1,744) ®T. As a last step, two further modelgere fit, stratified

by the availability of alternative travel modes (j@.K2aS 6K2 I ya6SNBR &, Saé¢ |
j dzSaGA2y aL ¢+t 06SOlFdzasS (§KSNB A aesyete pariora&INI 4 | &
using the R softwarf211]and thegbm package was used to fit the GBM mod@%2]. To aid

reproducibility, the analysis code is provided in tygpendix4B, while the results of the tree depth
optimisation for all five models (all participants, use@nd norusers of public transport, availability

and nonavailability of walking alternatives) are presentedAippendix €.
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3 RESULTS

3.1Pairwise associations

Multiple pairwise associations were noted between perceptions, motivations, individual
characteistics, and walking behaviour. Each of the 41 variables were significantly associated with 12
to 33 other variables. Walking levels and safety at night as a barrier were both associated with 33

other variables. The clsiquared test results are presentadthe Table13 below.

Tablel3: Variables examined and number of variables associated at p<t0lb questions:Appendix 4)

Number of variables

Question Variable examined explanation associated, p<.05
Q2 Travel behaviour Levels of walking: tertile 1 or 3 33
Did use the car in the previous week (driver or passenger) 22
Q11 Key barriers to walking _ Safety, night time 33
Auckland; ||St Of items W|th Too much stuff to Carry 28
answers y/n Boring routes 28
Safety, day time 27
Hills 26
Weather 26
Live too far 24
Doesn't know how long it would take 24
Other reason 24
Need transport others 22
Walking adds toanuch time to the journey 22
Walking is not quick 21
Footpaths condition 21
Walking is too much effort 20
Q10 Key reasons for choosir Save money 27
to walk; list of items with Fitness 26
answers y/n No other choice 26
To reduce trafficongestion 26
2 f1AY3 Ad aYS GAYSE 26
Contributes to address environmental concerns 25
Allows to enjoy the weather 26
Travel time is more consistent, when walking 24
Less parking hassle 24
Better walking paths are now available 22
Savdime 22
Fun 19
Other 15
B15 Perceived safety in Traffic; rated "low" or "high"* 26
I’Q|at!0n to trafﬁ(?, Crime, .Or Crime; rated "low" or "high"* 27
tirrlﬁglng and falling, by night Tripping/falling; rated "low" or "high"* 16
S2 Age Age 65and over, trueffalse 26
B14 Perceived safety in Traffic; rated "low" or "high"* 20
I’Q|at!0n to trafﬁ(?, Crime, or Crime; rated "low" or "high"* 18
tirrlﬁglng and falling, by day Tripping/falling; rated "low" or "high"* 12
D1 Employment Working, studying, house duties or retired, vs not employed 20
currently
D4 Level of income Income <50,000 $ per year before tax, y/n 17

* low: <4/10; high: >6/10
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The identified multicollinearity confirmed the strategy of using machine learning for modelling

walking as an outcome based on diverse perceptions. The results of the test for pairwise associations
were not used to select variables to be held out. As natledve, a selection of variables to be used

was however performed based on redundancy of information (e.g. number of trips walked and self
declared frequency of walking) and on availability of data (excluding variables that were in large part
empty becauseelated to questions that had not been asked at every edition of the survey). The

variables used for analysis are reminded\ppendix 4A

3.2Predicting walking behaviour

The best model for predicting walking behaviour was formed using 59 trees witlxienoma tree

depth of 2 (AUC = 0.80). When stratified by public transport use, the performance of the models
decreased for both nowisers of public transport (AUC = 0.69; tree depth = 2, n trees = 45), and users
of public transport (AUC = 0.61; tree depth,m trees = 51)Y\ccuracy testing is presented in more

detail in Appendix 4d.

For each of these three models, the relative importance of each variable for predicting walking

behaviour ippresented in Appendix 4e, and an overviewhswn inFigure8 below.

3.2.1 All respondents

The use of public transport in the previous week was the most importamahaby far,with 44% of
the total influence Of the people who walked 5 or more trips per week, 33% wereusars of
public transport, while 77% were public transport usdiise otherimportant variablesvere
motivation to walk because it saves monayavoids parking hassles (both 9%), age grtha
motivationsto help reduce traffic (both 5%&andwalk because it saves time (4%be overall
satisfaction with the conditions for walkir{§.5%) andthe perceivedsafety regarding traffic (3.5%)

The imprtance of perceptions of the qualities WE was below 2.5%.

3.2.2 Users and noeasers of public transport

The relative importance of variables varied between users andusens ofPTto each other, but
also between both groups and the overall populatid hese variable importance of the variables

must be interpretedkeeping in mind the relatively low accuracy of the models

For the nonusers of PTto the important variables implicitly compared walking to driving.
Motivation regarding avoiding parkirtassles had the highest comparative importance (22%),
followed by saving money or saving time (both 12%), seeing walking as fun (10%), the perceived

barrier of a less attractive travel time (7%) and the motivation to protect the environment (2%).
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For PT sers the most important variables were the motivation to walk because it saves money
(21%), the age group (18%), and the lack of choice (10%). Perceived barriers played a more important
role in this group, namely too much effort (9%), safety by night (8%)need to transport others

(5%), or living too far for walking to be practical (4%).

Walking behaviour
Categorical: 0 or 5+ trips walked, in the previous week Relative influence of features based on gradient boosted models for:
Basd on question Q2: number of trips made, by mode and purpose. All respondents Non users of PT  PT users With choice No choice
wde  Variable AUC =0.80 AUC = 0.69 AUC=0.61 AUC =0.86 AUC=0.94
Perceptions aits_1  Overall satisfaction, walking in Auckland (0-10) ® [ ] [ ) . .
Pleasure a0 12 Weather (to enjoy) ®
a11 14 Weather (as barrier) [ ]
a11 23 Boring routes
Comfort a1 Hills ]
Safety c11_20 Qverall, daytime [}
c11 21 Overall, dark [ ] [ )
5141 Traffic, day time (0-10) . [ ] [ ] [ ®
Accessibility ali o Footpaths condition

ato 7 Availability of paths/ routes
w1013 Better routes available
Feasibility air 4 Toofar from destinations ® )

availability and quality @0 2 Walking saves money .
10 4 Walking saves time [ ]
wos  Walking travel times are more consistent
w06 Walking avoids parking hassles .
a5 Walking isn’t quick

P o0

Alternatives: a0 15 Walking because no other choice [ ] ‘ excluded from analvsi
]
L]

al1_15 Walking is too much effort
011 22 Walking adds too much time to journey

Individual preferences, 11 17 Needstotransport others @
characteristics and aios  Reduce traffic congestion [ ]
constraints ao_10 Environment

o10 g7 Other motivation

g2 Age group o [ .

[ ] [ J
51 Gender [ ]
a6 Access publictransport . xcluded f nalys .

o1 Fitness .
ooz Fun L4 L

Other motivations

ato 11 Walking provides "me time" [ ]

Legend:

The code (e.g. Q10_15) correspands to the question number (here, Q10) and the variable number (here, 15).
The variables Q10_xxx were framed as potential motivators to walking, while the variables Q11_xxx were presented as potential deterrents. Full questions: see supplementary file A.

Influence of the feature for training the gradient boosting model:

40%  20% 10% 5% 2% <2%

Figure8: Relative influences of features for the whole population and the specific models for: users Fuggrs of
publictransport, and those with / without alternative modes of transport available

3.2.3Jsers with and without alternative travel mode options

A surprising finding was that although there were comparatively few respondents declaring not

having the choice (n=33 13% of the total sample), the model had a high accuracy (AUC=0.94)

compared to the other tested models. Some notable differences were observed between the models

for respondents with and without choice: public transport use had a larger importanchdset
GoAlK2dzi OK2A 0S¢ 6nw: @Jad waenoted inGhezehtieS NE A y (i S NI
importance of variables, when comparing those with choice and those without: motivation of
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reducing congestion (5% vs 0%); saving money (14% vs 6%); liviagftom destinations (1% vs
m>0T Fdzys FAGYySaa FyR aYS GAYSéE owm G2 m:r Ga m:i

detailed results are presented Appendix 4D

4 DISCUSSION

Thischaptet 34SaaSR GKS NBfFGAGS Amolgtiods, land dd@vidgaF dza S NAE
characteristics in relation to walking levels. Walking levels were predominantly explained by

perceived qualities of walking within the transport system. Surprisingly, the importance of the

perception of living too far for walkg to be practical was marginal for predicting the walking levels

(3.6% for PT users, 1% for rogers and 0.6% for the total populatio®multiplicity ofvariables

were associagd with walking behaviour. This is consistent witle theoretical modelassociating

walking both to perceptions and to individual, social, and-tefated characteristicsThe number of
associationdetween perceptions is also consistent with the concept of walking environments as

complex systemsncompassininteractions betveen different components (e.graffic,

carriageway width, and type of traffic contralse all related to difficulty crossirjg24, 126].

The strongest association with walking behaviour was the ugd@, which aligns with the growing
awareness of the synergies betwette two modes internationally[22, 126, 218215]and in
Auckland201]. Delivering efficient travel solutions is also crucial for populations relyirigjland
accessible enkdnments, such as disabled peofls, 205, 206, 216Disabled people were not

included in this sample and understanding their barriers of access is a key research direction. People
with temporary or permanent disabilities are likely to perceive and experience brareers in their

environment[16, 24, 40, 57, 217, 218]

Developing separate models for users and-users ofP Tsuggestedifferences regarding what
matters for walking and how much. Narsers ofPTimplicitly compare walking to driving, putting
importance on variables such as parking hassles or traffic congestion. Interestindg®i, tlserput a
higher importance on saving money than the nasers. This could relate to a difference of
sensitivity to paying ticket now as opposed to incurring sunken costs of owning &k, but also

to a difference of soci@conomic status between the two groups.
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Further, important differences were noted between those declaring having/not having alternatives
to walking. Those who declare having the choice implicitly compared walking with drivingatng.
parking hassles or putting emphasis on fitness). For those without choice, walking behaviour was
closely associated with the usePT, suggestingwalkingga I G FANRGkf Fad YAf Sé
alternative toPT In the model for those without the choice, to the importance of perceived barriers
was higher than in other models, while the importance of fithess andveitig factors disappeared,
suggesting trip foregone iPTis not available and walking environment not supportiVeese
considerations raise the question of equity: populations living in areas with lower quality of walking
environments and a pooré?Tservice (e.gcardominated sprawl) are atigk of being cadependent

or excluded, if they cannot drive or afford to own or run a[@20]. Saving money or avoiding

parking hassles had considerable importance in the specific models, while environmental
characteristics such as footpath quality apgurprisingly- the availability of destinations (i.e.

declaring not having destinations within walkable distance) did not. This last element appears as a
challenge to commonly used walkability assessment tools revolving around destinations and street

connedivity (e.g. Walkscone [118]).

Overall, the results suggest that walkingésessed in the light of the availability of alternatives, their
comparable qualities and probably the familiarity with them. This is significant as it implies that the

absolute qualities of the walking envirmentare notsufficient to predict behaviour.

These findings align with past research. They supportithé Social Model of Walkabilitfprevious
chapters)and are consistent with the existing literature outlining the roldd1126, 213, 215, 217,
221]and other alternative$§l44, 222, 223in the assessment of walkability. Howevaspects such

as the use oPTor the availability of alternativesere noted asinconsistently considered in

gt 1lloAfAGE FraasSaaySyida yR FNB F2N¥Ifte 64&S

destinations, andtreet connectivityChapter2).
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The significance of findings is threefold:

A Thedraft Social Modebf Walkability is supportedin its claim that perceptions, motivations,
and individual characteristics are key explanatory factors of wa(kirgyious chapters)

A Thelow relative importance of the availability of destinationshallenges commonly used
methodologiessuchas WalkScone [118] (based on the availability of destinations within a
certain perimeter), at least in a cdlominated realm; and

A Theidentified importance of a broader transport system (i.e. alternatives available and
their qualities) promps to develop thedraft Social Model of Walkabilityadding explicitly
this dimensionThis is at odds with common walkability models that put emphasis on the
O2yiNROGdziA2ya 2F GUKS glt1Ay3d SYy@aANRYyYSyl |y
modes[43, 53, 54, 100]

The finding prompted revisiting thdraft Social Model of Walkabilifyproposing four important new

changes:

1. The wider transport systemencompassinthe PTserviceand provision fordriving as an
alternative,is now explicitly included, within the objective environmental attributes;
2. Two new levels are integrated in the hierarchy of needs: convenience and ethamnvenience
relates to the ease ofuseyaR Kl R | f NS Ré& 0SSy ARSYUAFASR AY
walkable citieg224]> ¢ KAt S SGKAOa NBIAINRAzZLJA F GONAROdzG Sa ac
GSYOBANRYYSYGeéT
3. Two new dimensions are added to the hierarchy of walking nee@the relative qualities of
walking, as compared with the alternatives at hand, dndlfe qualities of walking in
combination with another mode typically public transport.
4. The availability of other modes of transpoftas been rgpositioned between the transport
system and the lairarchy of walking needs. This is linked to the two new dimensions added to
the hierarchy: only if an alternative exists, walking might be compared with this mode (e.g. to

walk or to drive?) or assessed in combination (evalk + bus).
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Arguably, the relative importance of different dimensions could vary in different contextsqarg.

dominated or not) and demographics. More research is needed to better understand the importance

of individual characteristics, namely disability and comists, as well as to clarify the role of

motivationsand habits, possibly influencing choi¢é52, 180, 181, 225]t would be interesting to
examineF 2 NJ AyaidlyOS AF AYRAODGARdAzZ a4 O2yOSNYySR I 062 dzi
differently than others. This aspect should be particularly important considering sochetagies,

such as for instance a higher importance given to the environment and readiness to change for the

younger population$226].

The findings are also important for the planning practice. For the retwbfihe WE the resultscan

helpidentify priorities for retrofit Identified d NNA SNE (GKF G O2dzZ R ljdal €t AFe& ¥
traffic safety, overall safety at night, and the comparatpelity ofdriving. Second, the findings

encourage developg holistic strategies and interventions, considering walking within the transport
system and the built environment, improving integration, and building positive synergies (e.g.

strategic walking networkonsidering?Tstops and their importance, based patronage).

4.1Strengthsand limitations

The studydescribed in this chaptdrasfive mainstrengths Frstly, it considered the associations
betweenperceptionsand walking behaviour, which are generally overlooked in stumssciating
directly WEattributes to walking. Second, the analysed dateludedtravel behaviour and a broad

range of motivations and perceptionsnabling theexploration ofthe relativeimportance ofdiverse
constructs Third, the analysis of the relative importance of explanatory variables on the levels of
walking with machine learning allowddr the simultaneougxamination of all the potential

dimensions of interest, despite their a&sation, so to identify which combination worked best for
predicting walking levels. Arguably, the association of any one of the variables with walking would be
trivial, because they all have conceptual relationships to walking as a behaviour. However, th
novelty in this analysis was the holistic approach undertaken that highlighted strong effects of some
variables and absence of signal for others. Fourth, the finggngaded input for the further
development otthe Social Model of Walkabilityastlyjt illustrated anapplication of machine

learning for dealing with complex datagcluding amultiplicity of associations between explanatory
variablesMachinelearningremains underutilised when examining the associatibesveen WEand
walking(Scopusetuned only seven results for the search for "machine learning” AND "built
environment" AND walkinf227¢233]. Three of those results, all published after 200%lgsed the

associations between built environment and walking behavjgas, 232, 233]
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This studyalsohas fourimportant limitations. Firstly, the available data did not include people having
difficulties walking or using a wheelchaiihe study could therefore not examine the associations for
apopulation known to be diverse and have higher barriers to add€s<4, 40, 47, 57, 217%econd,

the inputs are relative to Auckland New Zealand, requiring caution before extrapolation to othe
environments, particularly those with different driving, public transport and built environments.
Third, the format of the available data (respondents offered only yes/no answers to questions about
motivations and barriers) may have prevented a more rugahunderstanding of how people

perceive barriers. Fourth, the distance to and quality of destinatieg® not consideredalthough

they are known to affect the choice to walk and access public trangpb8 234] Lastly, the
participants @claring not walking have not been included. This was a methodological choice aimed
at considering those people who are regularly exposed to their walking environment and whose
perceptions of the satisfaction of their walking needs are based on a recpatierce. However,
considering the reasons why some people cannot or choose not to walk remains an important

research topic.

5 CONCLUSION

The findings provide four main takavays for both research and the practidgrst,LJS 2 LI S Qa
perceptions of their envanments need to be better understood and linked to objective aspects of

the walking environmentSecondwalking needs to be considered within the transport systeas a
complement to public transport or an alternative to other mod&sird,it is cruciato embrace the

diversity of users, examining how different constraints (dgving difficulties walking, seeing or

hearing) might moderate the perceptions of the environmdrburth,assessing walkability should

have a lower the emphasis on the pure #ahility of destinations, giving more room to the quality of

the experience. Beyond the surveys of those who were found walking, the study of severance is key

02 dzy RSNEGFYR ¢gKFd FNBE (K2a8SNOK} SNB& SN R G KINE I8y

from taking a trip on foot in the first place.
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CHAPTER 5: STUDY 2 — HOW STREET QUALITY INFLUENCES THE
WALKING EXPERIENCE

PREFACE

This chapter is based on the papéow street quality influences the walkingxperience: a

naturalistic inquiry into the perceptions of adults with diverse ages and disabilitesbmitted for
publicationin the Journal of Urbanism: International Research on Placemaking and Urban
SustainabilityThe text presented here has undergone minor etbtsnprovereadability €.g.,

shortening the contextual elements presented in the introducti@well as findings described in the
previouschapters! y Af f dzZa G N} G A PBS SEI YLI NBRIRA SIQRE 2 2IRRRS B
Figure9).

The chapter seeks to understand what diverse people perceive as barriers to walking or difficulties, in

a caroriented environmentfurther testingthe drafted Social Model of Walkabilitfprevious

chapter9. While Chapter 4 examined the second sequence of the model, betpeeeived

walkability and walkinguantitatively,usingdata that did not include disabled peoplie present

chapter takes a qualitative approadhcludng both disabledand nondisabledpeopleand examining

what features of the WE they associate with difficulty or unpleasantr@sf f 2 g Ay 3 C2 NE & { K
that an ideally walkable environment might not eX&t], and considering the fact that eventitlid,

current caroriented environments would be extremely far fromthijs chapterreverseghe question

and ask: what isnot walkable? To answer this questidrarriers to walking as perceived bg

Aucklanders are explored
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1 INTRODUCTION

Modernidic approaches to urban design have focused on motorised vehicle flows and infrastructure,
creating a reliance on cars for everyday mob[&$5, 236]with further negative effects onyblic

health[37, 39, 237]degradation of the natural environme(it49, 238] and climate change. Within

0 KS NI I dzA NdSaehing antl urrdeedente@ NI y 3Sa Ay | f f[239,Ziligd§ OGa 2 F

and urban transportation can, and should, play a crucial[&1&€06, 240]

It is now well understood that leveraging walking, or walking combined RVitlaligrs with efforts
towards less greenhouse gas emissions, better public health, increased equity, and more liveable
places. Achieving that modal shift requires a better understanding of how walking is chosen, and

what aspects of the urban environment might enicage or discourage walking3, 19, 106]

As seerin Chapters 2 and,3esearch orwalkability has made significant progres¥d reached

aspects of consensus time availdility of destinations within walkable distan¢22, 55, 56]a
certainabsenceof barriers[27, 57] andsafety[21, 22, 58] There is howeveno consensugegarding

the nature ofWE featureghat people might perceive as difficult or unsafe, and ways it might vary
across peoplg21, 22, 100, 213Challengsdescribed in previous chapterslate namelyto

(@)measuringhe quality ofthe WEA Y | gl & (G KIF G NI Tt ®)CoinsideringgovLX S Qa
individual characteristics such as disability moderate perceptions and behg\aodi) assessing

the quality of theWEin a systemic way, considering the available tramsptiernatives which are

known to influence walking level$he previous chaptédentified the importance of considering

perceived satisfaction of walking neeidscomparison wittalternatives one might have, eogether

with a companion mode such &3

The inquiry is located in Aucklantls seen previously (Study context and settin@gp. Auckland is a
spread out cityf241]with carcentricinfrastructure[241] and mobility patterng81]. Negative
outcomes include important safety issues for pedestrig@g and inequitiesof access due in part to
systemic barrier§76]. Auckland aims to become a city where walking and public transport are
attractive choices, one where equity and health are promoted through genuine travel choices, and
where safety and environmental protection are maximi$e@]. Transitioning from a cafominated
environment and car reliance to walking as a choicei@s systemic approach to change. This

approach in turn calls for a better understanding of the decisions to walk.
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Thischapterexamineshow perceptions of th&VEare related to the choice and experience of

walking across a diverse range of adults, ddesing namely

A Whatcharacteristics of th&VEare seen by users as difficult, unpleasant, or appealing

A Whytrips within a walkable distance might be foregé@ne

A Howdo WE features perceived as barriatary between people who have some difficulty
with one or more of the following: walking, seeing, hearing, remembering, or concentrating;
YR (GK24S 6K2 R2y QG NBLR2NI Fye 2F GKS&AS RAT

2 METHODS

2.1Design

The chapter draws oa naturalistic inquiy, method used foexaminingperceptions of diverse

people of their environmentsunderstoodas & Ydzf G ALK ST Ayl y3IA@NSs RAD
It is assumed that the phenomena depend be tontextand multiple interacting factors, and that

inquiry is influenced by the inquirer and by the methods ufg¥. The design is broad but not

exhaustive, based on1 structured facdo-face nterviews. Data and analysis were both

guantitative (collection of categorical items and numeric ratings, analysis of distributions and

frequencies of mentions), and qualitative (opended questions and their content coding).

The draftedSocial Model of \&kability(Chapters 2, 3, and 4 used asheoretical frameworkThe
methods are drawn from the enactive view of perceptions (considering that perceptions are
gathered through a recursive process involving sensorimotor knowledge, bodily skills and past
experiences)153]and the circumplex model of affect (understanding perceived emotions as unique
combinations of valence a pleasuredispleasure continuung and alertnes$242]). The circumplex
model of affect is supported by vast and growing evidence, and helpful in its recognition of emotions
a4 aFYoAddzzdza |+ y R 228 Nddihdiitlgarly éfine8 éateifoner. Sy OS 4 ¢

Ethical approval was obtained from Auckland University of Technology Ethics Committ&8 4,

12.12.18). All names appearing in this document are pseudonyms to protect participant identity.

9 As in the rest of the thesis, walking includes the use of any mobility device a person might need
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2.2Participants

Participants were a convenience sample of adults living in Auckland. The sample was selected so that
half of the participants experienceat least some difficulty with one or more of the following:

walking, seeing, hearing, remembering, or concentrating (further noted as disabled particiedgs

G! y20S 2. 36 ihtifegarbral iStéoductio). Other inclusion criteria were being aged 18
andover,andseRSOf I NAy3a ¢l f1Ay3a ald €SIrad az2yvySdiaySa 7
destinations was controlled for by selecting participant®iMin areas with a prdetermined

Walkscore@118]. Walkscore®anges fromO(now | £ { F 6f SO (2 wmnAllg)a sl £ 1 SNA
Participants in this study lived in neighbourhoods with a score between 70 and 90, a range chosen for
two reasons: firstly, as the aim wasttdk about usual trips, this score meant that participants would

have a high chance of perceiving destinations as being within walkable distance; second, working

within a given walkability range related to the aim of examining the quality of the walking

environments, leaving the availability of destinations as an almost fixed parameter. Participants were
recruited via three methods: information posters displayed in public spaces with an invitation to
information sessions; information sessions organisededllvenues, presenting the research and

providing additional information (answers to question, information sheet available to those
LRGSYyGALtfte AYyUuSNBAGSROT yR NBaSINDODKSNEQ ySios:

recruitment methodsare detailed iMppendix5A.

2.3Measures/Interview design

The interviews covered three aspedgrstly, participant and overall insightslemographic

information (age, gender, living and employment situation, time of residence in the neighbourhood),
possible impairments (Washington Group Short Set questig#3]), usual travel behaviour,

satisfaction with owrevels of walking, and perceptions of (a) the proportion of destinations that are
easy to reach, by any mode, (b) the ease and pleasantness of walking in their own neighbourhood by
day time and night time and (@hprovements noticed in their walking eneitrment. Second, three

usual trips mode and reasons for choosing, availability of travel alternatpapose(s),

destination(s) accessed and their importance, overall perceptions of ease, pleasantness and safety,
route chosen (drawn on a paper mapdaons to choose that route, aspects that might make the

trip difficult, unpleasant or both (mapped and scored regarding difficulty/unpleasantness) and
FLIISEFEAY T FAaLISOGAEA 6YFLIWSROT AT GKS GNRLI KIFRyQi
if the distance would have been walkable and how easy and pleasant walking would be, if done.
Third, destinations desired but less accesse@stination type, why they are difficult to get to, is the

distance walkable and if walked, how would the ease, pleasastaad safety be rated.
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CKS y2GA2y 2F adzadzZ f¢ gl a AyuSyuaazylrtte y2a adal
participants feel familiar with, acknowledging and accepting that the absolute frequencies of

exposure might vary. Therefore, parpfiants were invited to talk about whatever trip they consider

usual, for their standards. The questiodgppendixsB) were worded identically to those of the

Household Travel Surv§®44]and the Auckland Active Modes Sury88] wherever possible. The

participants were encouraged to develop the issues raisagl, (vhen something wasated as

difficult or unpleasant, they were invited to specify what aspects were causing them issues). Before

the start of the interview, the participants were briefly reminded of the nature of the prajdatter
understanding possible barriers to waillgior wheelchair use. It was also specified that the words
Goltl1ée 2Nl aglft iAy3Ié tglea AyOtdzZRSR Fyeé Y20Af Al

2.4Procedures

| realised themdividual interviews between December 2019 and March 2020, before the lockdown

period (Alet Levels 3 and 4stay at home, schools and businesses closed with the exception of

essential services) due to the COMMDpandemic. Participants wenaterviewedat a place of their

choice, which could btheir homes or a local public space. Interviemere recorded and categorical

answers were noted on a record sheet, on the spot, along with brief remarks(e@N2 & & Ay 3¢ |y
GO02YLX SE (NI FFAO Y20SYSyidaz Frad &aLISSRé (2 RSAC
is perceived as difficult)nterview data were revisited as needed, to complement the notes and/or
transcribe specific quotes (e,@xplanation regarding why a certain feature is perceived as difficult),

but not transcribed verbatim. This method allowed for a more efficient daatment[245].

2.5Data analysis

Deductive content analysis was chosen given that this technique is adapted to testing a theoretical
framework[99] - in this case, thedraft Social Model of WalkabilityDifferent empirical inputs were

used to analyse a same phenomenon (datartgulatior). The reported barriers to walking were

O2RSR dzaAAYy3 LI NIAOALIYGAQ RSAONARLIIAZYE 2F 6KI
difficulty and unpleasantness. To achieve consistency, a coding protocol was estat#lispeddix

5C) drawing orthe dimensions of thelraft Social Model of Walkabilitprevious chapters)TheWE

features used asategories build on the general umbrella review (Chapter 2). The WE categiodies

the rationale for including them are presentedAppendix5C2. Spreadsheets were used for data

capture and content analysidssociations between difficulty and unpleasantness on the one hand,

and trip characteristics on the other (purpose, availability of alternatives and type of barrier noted)

were examined though Chisquared tests using $dftware[211].
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3 RESULTS

Fifty-six participants consented to participate and were interviewBoestudy response rateould
not be determined tyen the variety of techniqgues employed for the recruitment (e.g., posters). The

characteristics of pdicipants and reported trips are presentedTiablel4 below.

Table14: Characteristics of the participants and reported trips

Nondisabled Disabled® Total pit
N % N % N
Participants Total 29 27 56
Age 1829 8 28% 3 11% 11 ns
3044 14 48% 4 15% 18 *
4564 2 7% 7 26% 9 A
6579 2 7% 7 26% 9 A
80+ 3 10% 6 22% 9 ns
Sociedemographic data
Sex: women 18 62% 13 48% 31 ns
With drivers licence 28 97% 14 52% 42 n
With car usually available 21 72% 6 22% 27 *
With income <20'000 NZ$/y 9 31% 17 63% 26 A
Difficulties experienced with
Seeing, even when wearing glasses 0 0% 19 70% 19 *k
Hearing 0 0% 10 37% 10 *
Walking 500m unaccompanied 0 0% 8 30% 8 *
Remembering or concentrating 0 0% 12 44% 12 *k
Two or more impairments 0 0% 19 70% 19 *k
Trips Total 105 84 189
Modes  Walking only 73 70% 52 62% 125 ns
Walking and PT 12 11% 18 21% 30 A
Running 3 3% 0 0% 3 ns
Walking andbr running 88 84% 70 83% 158 ns
Importance: high 69 66% 75 89% 144 N
Purpose Shopping 29 28% 26 31% 55 ns
Exercise and recreation 23 22% 11 13% 34 ns
Work oreducation 25 24% 8 10% 33 *
Social 14 13% 11 13% 25 ns
Other 14 13% 28 33% 42 *
Ease High (>6/10) 85 81% 62 74% 147 ns
Low (<4/10) 2 2% 5 6% 7 ns
Pleasantness
High (>6/10) 75 71% 59 70% 134 ns
Low (<4/10) 4 4% 8 10% 12 ns

10 e definitions above
11 Chi2 test of independenceomparing disabled and nedisabled participants**: <0.01; *: <0.05; ~: <0.1;
ns:xn dém
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5A4F0f SR LI NIAOALI yiGa 6SNB 2t RSNE KIFER t28SN | Ol
to have a low income. For natisabled participants, the proportion of people satisfied with their

own levels of walking or wanting to walk more we@ significantly different (p =0.468) from that

observed by Auckland Transport (45% and 41%, respectj{eB))

The results are presented below agaif@ir questions of interest:

When and whys walking choseh
What makes a walking trip appealihg

What do deterrents to walking look like?

A Wb PE

What is perceived as unpleasant and/or difficult when walRing

For each question, the relative role of the quality of iMEis examined more in detail. The overall
motivations, deterrents and barriers were coded against the dimensions and (sub)categories of the

draft Social Model of Walkabilitylhe results are pres¢ed inFigurell, p.126and Appendix B.

3.1When and why is walking choge

2 KSYy &aLSI{Ay3 lo2dzi gl f{1{Ay3 Ay 3ISYSNIf oa2KFG
aspectsFirstly,internal-motivations (34 participants, 61%) such as exercise and fitness, health,
YAYRTdz ySaa 2NJ aYS (AYSksdwhenat ieglsike &vimring” a8d>Glenn; N I NJ
64, enjoys the slow pace and thinks that "walking is one of life's big blessfegsiind, convenience

as compared to other modes of transpoctfor instance, walking being quicker than taking the bus

or avoidingparking hassleThirdly, the quality of the walking environmentexplicitly noted by

13 participants speaking of street trees, greenery and views of the nature, presence of other people

and architectural quality. Lower levels of the hierarchy of ndd8s100](i.e., feasibility,

accessibility, and safety) were not mentioned, with the exception of one participant noting

accessibility issues. Disabled and fiisabled participants referred to the same environmental

categories (for instance street design aspects weratinaed by three disabled and four nen

disabled participants). Habit was noted by only one participant;eisabled.

When speaking about specific trips usually made, almost 2/3 of the reasons to choose walking
related to the broader transport system or Wing as compared to other alternatives. Convenience
played a major role, often in comparison to other moddsus (18 trips), car (17 trips), or bicycle
(8trips) ¢ and related to the proximity of destinations. The internal motivations (41 trips) atleickla

to fitness, exercise, and health. The social dimension of walking (walking with friends or family, or

just amongst strangers), was another important aspect, noted by 16 participants. Disability appeared
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as an important lens: nedisabled participants ere more likely to note pleasunelated aspects,

such as walking with friends (23 vs. 9, p < 0.05) and were less likely to walk because of a lack of
choice (hon-disabled versus 22 disabled participants reported this barrier, p < 0.05). The results are
presented inFigurell and AppendixsD. Participants also described 25 usual trips for which they

chose not to walk; most of these trips (19) were coasidl as being within a walkable distance. An
alternative mode to walking was chosen most often because it was perceived as more convenient,
faster, or because it allowed the avoidance of obstacles (e.qg., steep hill, absence of footpaths, a path

that feelsunsafe at night).

The choice of walkingeemed largeljndividuatb ¢ KS RAFFSNBYy OS A& Af f dza G N
FreddeQa G NRARLJA (2 GKS & dzLJS N didahles divgn thezami artaNdave R ISR
car availableshop in the same supmiarket and access it using a similar route (Begure9 below).

| F gAYy 3 GaddzFT presented byDekery dbeireador fonSu@i§walking (instead of

taking the skateboard)while Freddie drives forlte samereason

Freddie, 28
not disabled,
car.available

L]
Nixon Park

Jeremy, 28
not disabled,
car available

‘ | drive because | have stuff to carry
) (weekly shopping)

| walk when | have stuff to carry \
(instead of taking the skate!;
shops more often)

shop

Figure9: Modal choice, comparison between Jeremy's and Freddie's decisitresplaces of residence are
indicated approximately, for privacy reasons, and noentred exactly on home addresses
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3.2What makes a walking trip appealing?

Three aspects were noted as appealing or pleas#egign and greenery for instance, streets with

jdzZA SG GNI FTFAO @KIZ(O LDISY 40 § (6 GHANE AIONB ddacdv@yon I y R I
the street, relating to the pleasure of being with other people, even without interacting; and, to a

lesser extentefficient combination of walking and public transporfor Glenn, 64, bU8& G &l Af Ay 3
LI ad GKS GNIXFTFAOE O2yiNROdzGSR F2NJ AyaidlyoOoS G2 |
participants noted topography (e.g., flat or downldlithoughsomeappreciated an uphill as a form

of exercisg or the fact that the route they wertaking did not involve crossing streets.

Trips noted as appealing because of street design features represented 58% of trips reported by
disabled participants (43 tripskersus88% ofthose reported bynon-disabled participants (78 trips).
Disabled partiipants were more likely not to name any appealing aspect relative to trips walked
(21vs. 8, p < 0.01). For instance, Sam, 41, blind, seemed almost surprised by the idea of appealing

aspects "No, because I'm concentrating!".

Eight participants also sptaneously notedaspects that decrease the ranking of appéedl those

aspects related to street design, and referred mostly to busy streets: Phoenix, 27, enjoys arriving in
Ponsonby "but the motorway is pretty ugly"; Kit, 79, enjoys "everything aparsicrg®©ominion

w2l RhT 5SyyAdas nn: y20iSa GKIFIG b2y O0S &82dz2dNB GKS!

3.3What do deterrents to walking look like?

When speaking in general about deterrents to walking, participants noted internal barriersh(healt
issues/pain/fatigue), and external aspects related to accessibility, safety, comfort, and pleasure.
Traffic, and traffieoriented environments were noted 10 times, implicitly or explicitly. Examining why
specific trips to desired destinations are perashas being within walkable distance but not walked,
provided rich insights into ways the quality of the walking environment can deter walking.

Participants reported 27 instances of barriers of access, some being systemic (e.g., inconsistencies of
design hat caused blind participants to avoid any route that they have not learned previously, by

fear of being exposed to dangerous situations).
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The noted barriers of access fall under five categories:

A Traffic, and trafficoriented environments nonsignalised crossings, environments designed
for traffic;
A Footpaths design and qualityinsufficient width and obstructions, permanent or temporary;
A Lighting: absence or poor quality, at night;
A Peoplg NBfIFGAYa SAGKSNI G2 (GKS RAaAO2YTF2NI 27F ¢
the presence of people perceived as potentially threatening (stranger danger); and
A Broader transport systeminefficient bus services that mean longer distance trips oabe
done by a combination of walking and public transport. Most of the reported barriers (24 out
of 27) correspond to the first four categories and relate to the quality of the walking

environment.

While dsabled and nowisabled participants spoke abbhills, indirectness of the walking network

at similar rates (p>0.053omedifferences were also noted:

A Non-disabled peoplespoke moreoften (p<0.05)about destinations not being within reach

andreported unpleasant street designs (eatiented, grey) ad too high traffic volumes

A Disabled peoplespoke of barriers to access such as difficult crossings, poor maintenance

causing tripping hazards, or a lack of toilets and benches.

The most frequently noted aspects were nsignalised crossings (seven menspand
SYOANRYYSyGa RSAAIYSR F2NJ GNIFFAO O0&AAE YSyilGAazy:
and in a short videchttps://bit.ly/walking_ AKL

3.3.Non-signalised crossings

Nora, who is aged 85, struggles to cross the road to access thsdgpudn theory, she could catch a

0dza SOSNE wmp YAydziSa G2 32 G2 GKS OAGeé OSYidNB:
your hands. It puts you off to getting to town because you have to cross that road. You gotta be

careful, you stand ithe middle [on a narrow refuge], but the trucks are wider than you think". She

raised the issue with the Council but "they said they couldn't stop the flow of traffic or didn't want

to." Dwight, 41, is active and athletic, but he noted that the restausamd shops on Dominion road

(very close to home) are inaccessible if they involve crossing the road with his two children. Hollie, an
active 75year old wheelchair user spoke of midewvel design featuresabrupt gutters and kerb

Odzias al VY 3Iv2 alL @ONBaORy 3 | yR (GKAY]l aLUY y2i S¢
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3.3.ZEnvironments designed for traffic

Participants reported avoiding environments that they perceive as grey or difficult to navigate. Wren
6nys &aLlR21S 2F aK2adAfS JYOENEPLOSYKRyas LB OOSIA0 W)
gl f1% GKFEG FNB y28G SlLaegé¢d C2NI YEYLFFES HyS Fyeé |
overbridge "feels like a bit of a project; a very prominent divider for anyone who would want to cross

on foot. Youdon't see a lot of people walking that street".

Have you seen the Khyber Pass? [laughs] A lot of cars and parkings, motorway on/offramp, no tre
isn't anything happening, people there walk frdgnfPAcenB, 27

Dev, 77, is legally blind andst@ibed important difficulties right outside his house: traffic, speeds,
narrow footpaths- it's a hostile environment. He defines himself as "basically Rbmend" - "for his

own safety”, adds his wife. Systemic barriers could also mean that whole assmmecessible.

3.4What is perceived as unpleasant and/or difficult when walking?

Participants were what they perceive as difficult and/or unpleasant on the trips they usually walk
(alone, or in combination with public transport). After filtering thasputs to include only features
having ratings of >6/10 for difficulty and/or unpleasantness, 134 barriers were identified (60 noted

by disabled participants, 74 by nalisabled participants).

Features noted as difficult (80 mentions, of which 40 weresddiy disabled participants) relate to

four categoriestraffic, and trafficoriented environments non-signalised intersections difficult to
navigate, traffic, signalised intersections with long waiting times or a short time available to cross, or
traffic infringing on the footpaths to access parking I&t&tpaths design and qualityfootpaths

desiq, maintenance or quality of executiohills; andavailability of toilets. The last two categories

were noted only two and one time each, respectively. Interestingly, the environmental features
perceived as difficult are the same as those that had bedacdhas barriers to walking (general
deterrents), the only exception being the absence of pedpteone around, or stranger danger,

noted as general deterrent but not difficulty).

Disabled and nowlisabled participants reported similar numbers of barriees trip, both overall
(respectively 0.84 and 0.87 barriers per trip) and when examining trips perceived as difficult and
unpleasant (0.94 and 0.95). However, disabled participants rated the difficulty of their trips higher
(median difficulty out of 10 (3) respectively: 6.8 (2.1) for disabled people, 5.9 (2.4) fordisabled
people, p < 0.05).
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The frequencies of mentions of different environmental categories were not significantly different
between the two groups at p < 0.05, except for the availalolitsiestinations (mentioned by 10 nen
disabled participants (37%) and three disabled participants (10%), and traffic along the path (five
non-disabled participants (19%), not mentioned by disabled participavtihin the WE features,
some were mentionedby both disabled and nedisabled participants, while some were specific to
those groupsWithin the trips considered as difficult and unpleasant, raignalised crossings,
footpaths (materials, execution, and maintenance), and traffic across footpathes wentioned by
everyone; nordisabled participants only spoke of waiting time at signalised crossings and holistic
design quality (streets designed for cars); while disabled participants mentioned the width and
obstructions of footpaths, the traffic volumend speeds, and the use of footpaths bgaoters.

Detailed results data for this topic is providedAppendix5F.

Nonsignalised crossing facilities were the most prominent feature causing difficulties to walking
(29 mentiong. The participants noteche difficulties caused by complex/fast traffic movements and

infrastructure layout, often very wide.

[ Newt on overpass on/off ramp] is the motorw

really fast, trying to figure itself out. Beires@igedround there is pretty dangerous. | really... | hate

getting out of the city. Once It gente Ddn tDroanfi f

car exhausts, bad smells, buses, all that kind of gross car stiffsAndgotlaar bit  Morgana r | y

(40)

Church road [ Mangere Bridge] is a bugger

mi nutes to cross. [U] There are crossing
Transportseemt o be a | ot into what they call *ref
stand and go forward again. They donXzt work
mi ddl e, B, itZXs di f fsolhavé towaittdl bathesiles areectedr,aeally.s&o Ih

would favour a controlled or at least a zebra crossing, where the traffic will stop. | would prefer cor

| always prefer controlled, you know, where you press the button and g giea thebsawnolild
at least be helpfuknny (49), blind

The results for these comparisons are includedppendix &. An overview of the frequency of
apparition of different barriers for disabled and ndisabled participants is presented in
AppendixcF.
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3.5Roles of the walking environment in the perceptions of walking and
the walking behaviours

Participants were fre¢o indicate any aspect participating to their choice of walking or the perceived
difficulties of accessing destinations. The walking environment (destinations, walking network and

quality of the street environment) was an important topic. Interestinghatires were often

' aa20AFGSR gAGK RAFFSNBY(G 2dz2i02YSa 6SdIds LISND!
and difficulty by others). An overview of these associations is providewyimel0, below. Figurell,

on next pageprovides more detail on the causes of severance, difficulty, and unpleasantness.

42 [» 408

Traffic and traffic- Footpaths Lighting People, activation Toilets, shelter
oriented environments

SEVErANCe —m MNon-signalised crossing Footpaths- design (width, Presence and quality of lighting  Activation: presence of other
facilities: layout, geometry directness, obstructions; peaple, “eyes on the street”
Hollstic traffic-orlented design  permanent or temp) Stranger danger

Traffic: volume and speed

DiffiCulty e Signalised crossing facilities: Footpaths- materials, execution, Avallability of toilets/water
walting time, layout, time maintenance

avallable to cross

Traffic across the footpaths

Traffic: noise, fumes

Unpleasantness Signalised crossing facllities: red Shelter
light running

Icons: Payungkeni (lamp], Freepik (people), and own

FigurelO: Features of the walking environment reported as causing barriers of access and/or being
detrimental to the quality of the walking experience
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Motivations Deterrents Causes of inability to access
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a

Dimension Category Subcategory

a Distance to end destinations.

b_Distance to bus/train stops
a Street connectivity / block size
b Stairs

1 design (width, directness)

2 materials, execution

3 absence

4 temporary obstruction/ clutter
5 mainlenance

1 volumes and speeds

2 noise and pollution

3 Traffic across the footpaths

4 ‘Sharing space with bicycle riders
1 non-signalised: layout, geometry
2 signalised, waiting time

3 signalised, layout, geometry

4 signalised, drivers’ behaviour

5 availability of appropriate xing facilities

1

Trip level - modal choice

1 presence (benches, )
2 layout

What is appealing What is unpleasant

T availability and efficiency of public transport

jces

2 “accessibility of public transport bus stops
Idesign}

3 cost

4 ‘comfort and lighting of PT stops

1 ease, overall

2 availability of parking

3 cost of parking

4 travel times

5 environmental pollution

Trip level - walked trips

Figurell: Occurrence of citations of the characteristics of the walking environment in relation to perkwel views (motivations, deterrents, difficulties) and trifevel
characteristics (reasons to choose a mode, and contributors to appé#ficulty or unpleasantness)C2 NJ S| OK daR2ydzié X GKS RAYSyaizya
environment) ore on the inner circle, and further split across categories (middle circle) and subcategories (outer circle).
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3.6Consequences of experienced dxarri

The barriers experienced had a series of consequences:

A Consequences on the way people trav@d.g. leaving home early to allow 10 minutes or
more to cross a single street, for Lenny and Sam, both blind; taking the bus for part of a trip
that would tale about 10 minutes on foot, specifically to avoid having to cross a certain road
(Sam) or leaving home 45 minutes earlier so to cross the road before the traffic; peak
Morgan);

A Increased stressAiko, 28, said "l almost need to plan in advance how ageind it
[roundabout with heavy traffic]". The blind participants seemed especially impacted by the
difficulties encountered, and reported big efforts put into learning the necessary routes and
planning their trips. For instance, Jacqui, 65, plans altdwges to use the safest crossings,
making important detoursOlder participants seemed particularly inclined to take
responsibility of their own safety for instance, Leigh, 83, feels safe because she is "always
on alert”, and Amareki, 72, because shéwell aware" and "won't cross where it's unsafe".
[ SS yps GKAYyla A0GQa ONMHOALFE G2 61 GOK GKS
it?".;

A Trips foregone for those lacking alternatives: Nora, 85, géess into towrbecause of
reported dfficulties accessing the bus. She described this as a loss, given that she would like
to visit the library or the theatre;

A Risktaking: complex nomsignalised intersections or long waiting times at signalised
intersections might provoke people to take risks. Mbigabled participants reported that

they often weighed safety against convenience, and potentially put themselves in danger:

Yok now, when you try to get into St LukeZXs f
single crossing, to get in, or you just hav
absolutely hate Ztshat némthtanmace .t 4 U3t ThekeZs,
i f thereZs no crossingT and | Zm | i-Robin,B8wel | ,

There's nowhere to cross the road here. So you just have to watldubietauke it'$ so busy,

you can't wait for there to be n@camu just have to walk out into the middle and stand in the middle
hoping that no one hits you [laughsjaginiit's not too bad (!) but in the night time I'm really

worried thd'm not visible enough. | always thirtgpthatould someone with limited mobility, how
would an old person who walks really slowly or whatever it might be, hdgcaosil itiey't

even know where the next crossing is, how far youtwewdtk havimd a crosgiriRpbin, 38
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4 DISCUSSION

¢tKAa aiGdzRé SEFYAYSR AYRA JA-Bomindtedl enviBrimed® BfedfigalyS & 2 -
Al O2yaARSNBR (GKS gl é&a LIS2L) SQa LISNOSLIIAZ2ya NBf
the draft Social Model of WalkabilifChapter 2ps atheoretical framework. Features of the walking
environment and transport system were a key focus, as these aspects can be modified through

planning and design. The results provided rich insights relative to the choice of walking and the three

research qustions:

A Whatcharacteristics of th&VEare seen by users as difficult, unpleasant, or appealing
A Whytrips within a walkable distance might be foregé@ne
A How do WE features perceived as barrieasy between people who have some difficulty
with one or moreof the following: walking, seeing, hearing, remembering, or concentrating;
YR K248 K2 R2y QU NBLRNI lye 2F (KS&aS RAT

4.1The choice of walking

The mentioned motivators for walking had previously been identifi@damely: internal motivations

[54, 246, 247]the qualities of the walking environme(#3, 54, 65, 248]the broader transport

system, considering the comparative convenience of walking relative to other nibti@s222, 223]

or the lack of choice). It should however be noted that the current evidence base is somewhat
heterogeneous. For instance, Barnettand do S 3dzSaQ a@adSYFGAO € AGSNF G
LIS2L) SQa g+t 1Ay3 fS@St asgnificandhyidigsifor graeMeE Snd LINE L2 NI /
aesthetically pleasing environments (19 out of [B5]. As examined in chapters 2 and 3, the

moderating effects of health status and functionakire usually poorly capturedavhich could lead to
aggregating results acrodemographic groups or trip purposesen though these might have

different requirements expectations, or priorities

The literature also tends to give less importance to the broader transport system, examining the

walking environment (e.g., distance to destinations or quality of footpablus not necessarily the
attractiveness of walking as compared to alternatives available. Barnett and colleagues noted for
AyaidlyoS GGKS 101 2F O2yaARSNIdAz2y F2NJ 0KS LI NI

examined the availability of puib transport, as measured (8) or perceived ([B3).
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The availability of destinations was not a major theme in the responses and appeared mostly

implicitly, with participants noting the convenience o&lking as compared to other modes of

transport. This result could seem at odds with the importance of the destinations in the walkability

literature - for instance as reported by Frank and colleagues or Cervero and KocKélinad9]. The
study design targeted participants having a relatively high measured availability of destinations:
therefore, the findings do not questiothe overall importance othe availability ofdestinations
within walkable distancéut it is possiblghat this topic was not the first prioritfor this group of

participants

Interestingly also, habits, that had been associated with modal chb& 247] were almost absent

from both the general and specific motivations to walking. This absence could be explained by the

status quo bias, or the not necessarily conscious way of preferring usua[is2y481, 25Q]Pooley
and colleagues even posited that walking might not be recognised as a choice or a modsuira

because it is such an ubiquitous aspect of everyday28&]. Participants who have alternative

transport modes appeared to compare the options available and choose the most convenient one

regarding their needs.

4.2Question 1: featuresen as difficult, unpleasant, or appealing

The ease and pleasantness of the walking experience were good conversation starters, readily
dzy RSNARG22R o0& LI NIHGAOALIYyGAa 2F +Ef 3Sa IyR
that (in most casg) allowed their perceptions to be matched with the hierarchy of needs (some
coding challenges and recommendations are discussed belowthd-waalked trips there was a
palpable sense of stress related to interactions with traffic. While practitioneghtperceive
pedestrian distraction as a safety is§@62], my participants showed high levels of vigilance and

displayed strategies to deal with complicated environments and avoid or mitigate danger.

The quality of theWEwas more important than the higlevel attributes (destinations, walking
network connectivity and transport systemi), terms ofwalking experience. Traffic and traffic

oriented infrastructurewere difficult and/or unpleasant for the participantegardlesgheir age or

ol O

impairment. These findings align with previous evidencekhdtd 2 OA I G SR LIS2 LX SQa 4|

with the qualities othe WE namely the traffic volum§gL31, 253, 254]the ease and safety of
crossing62, 122, 255pr the availabiliy and condition of footpaths, especially for older peojd22,

217, 256] Pooley ad colleagues note thdhe enjoyment ofwalking can be countdsalanced by

difficulties due to a norsupportive environment (e.g., difficulties to cross; traffic noise and pollution;

multi-lane roads seen as grey and unappealing; or poor quality footpgths]. Walking was

RSAONAOGSR a aaAiryLXe az2ySaiKAaAy3I GKFG @&2dz RAR
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ayzalt LS2LX S sSNBE OSNE | O0SWLIiAy3d 2F GKS O2yaidN
0 KSe L@5H AS$h studyfocused only on usual trips, it is possible that the perception of

difficulty might be lessened. This suggests that the barriers reported are significant: firstly, because
participants remembered them, despite the familiarity bEttrips and the possibility to walk them

G 2 Yy -LIWA]BBJiand second because encountering similar barriers in less familiar contexts might

cause a greater difficulty.

4.3Question 2: characteristics of trips foregone

Barriers to walkingwere defined ageatures associated witthe inability towalk toa desired
destination Barriers to walkingvere both specific (e.g., an obstacle encountered on a certain trip)
and systemice.g., knowing that the design is inconsistent prompted blind participants not to walk
anywhere without haing previously learned the route and its obstacles). Systemic barriers are
dzy RSNARG22R (2 KIFI@S | KAIKSNI AYLI Ol 2y | LISNRE2Y(
several potential trips. For instance, it has previously been shown that pedweeport difficulties
crossing the street were 8.25 times more likely to leave the home less than once per month than
people of the same age group not reporting difficuligs7]. Barriers related to safety, comfort, and
pleasantness, consistently with recent findings based on virtual exposure and-glted
interviews[258]. Howeverthis studyallowed interesting ieights intocomparing preferences of
disabledand nondisabledpeopleandnoting differences: disabled participanesported mainly on
critical issuesrelated to the most fundamental walking needs, and not on those related to
pleasurability foiinstance Bornioli and colleagues had noted that including disabled people could

have produced a different set of findinfzb8].

The definition oftbarriere considered in thiselates to trips not being walkednterestingly, Barnett

and colleagues did not associate the absencgehykicalb | NNA SNE gAGK 2t RSNJ LIS2 1
=0.38)[65]. Thisresultcould be du@ 2 G KS RS T Ay A, asinenfiongdearlierdtohhl NA S NE
noted lack of controlling for functional limitatiofi§5] or specific needs. Thustudiescouldassume

the nature of barriers and relate them to walking leveéls; @ $w¢l I KS NB a dz iy NBf |
non-disabled participants with those of people with diverse types and levels of disability, using

diverse mobility devicesand therefore potentially losing track of what might constitute barriers for

some peopleBarnett and colleagues noted also alivariety of geographical areas considered,

GAGK GKS NAR&a|l GKFG GK2&aS | NBFa g2dzZ R yeBliThiy SOS 4 :
study dealt with those difficulties by asking people witieey perceive as difficult, anfdcusing on

LJS 2 Lifsuai@ps ensuing thereforethat each participant was talking about the area familiar to

them, no matter how large or distant to home it was.
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4.4Question 3: disability as a moderating factor

Whilethe disabled participantsated theoverall trip difficultyhigher as the nowlisabled
participants it can seem surprising th&ioth groupsreported similar rates oiumbers ofWE
features making walking difficulfwo hypotheses could explain connalale rates of difficulties.
Firstly, disabled participants described numerous strategies for accessing their destiaatibns
avoidingspecific barrierg an aspect noted in previous studies and associated with a mental burden
of travel[20, 41] Blind participants reportedor instancememorising routes andpecific attention
points or even using buses for parts of short trips toidwertain obstacles while wheelchair users
paid special attention to the geometry of kerb drops and steepness of inclihesefore disabled
LJ- NJi A @sualroytas &o0ld be considered as carefully curatddch might not be possible for
non-habitud trips. Similar rates of barriers reported could alse due to undewreporting. Oliver
noted for instancehat disabled peopleould feel not represented and listened [@7], which could

suggesh weariness in participating in engagement unlikely to trigger change on the gfabagd

When considering those trips that were both difficult and unpleasant, the disabled participants
reported certain types of features that had not been noticed by the-disabled participants (e.g.,
footpath obstructions). This finding aligns with resultnfrMoura and colleagues, having shown

that same environments can be perceived differently across age groups, physical ability, and trip
purpose[122]. The barriers reported by disabled peopaded to be real challenges to overcome,
while nondisabled people sometimes reported barriers rather linked to convenience (long waiting
times at signalised intersections) or enjoyment of the route (lessened by roads designed fohgars).
noted abovedisabled @rticipants putsignificant time and effort into strategies to alleviaibstacles
but experiencednore andsevere potential consequenceslated to the encountered difficulties

(e.g, having to alterroutes, use other modes of transport avoidaltogethen.

In 2018 the New Zealand Transport Agency reported that 75% of interviewed disabled people had
not been able to make a journey that would have been beneficial, in the previous week, as compared
to 23% for the overall populatiof207]. As the intervieweported in this chaptemvestigated up to

three trips by participant, the total volume @favel was not assessed, and it is therefore possible

that the disabled participants made less trips altogether than the-disabled ones. As mentioned
earlier, nondisabled participants were also impacted by the traffiented environments, although

the result could lead to an unpleasant experience that is not necessarily a major difficulty. Trips
involving unpleasant or unsafe environments were walked because of higtler motivations but

could sometimes lead nedisabled participants to avoid jourge as well. For instance, avoiding

crossing certain roads with children and therefore not accessing an array of local destinations.
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4.5Methodological considerations

In 2010, Middleton and colleagues reported that while pedestrian behaviours were sometimes
counted and captured, important gaps persisted in experiential {E8h Eleven years later, studies

have progressed the understanding using diverse techniques such asalomdkinterviewg256,

260], participatory action researdl261, 262] rating of predefined envionments, in sit17, 122]or
virtually [258]; a combination of different tygs of interviews and ethnographig&51]; measures of
behaviour used as experiential proxies (e.g., head movements and fixation [2@8{264] or

physiological responses, an approach recently reviewed by Zanwar and coll§@giesThere does

not seem to be consensus on how to capture experience, and it is possible that methods will
complement each other. The approach taken in this studyd@itn interview) does not allow to

observe participants in their milieu or measure their réaas. However, it presents some significant
advantages: firstly, instead of assuming a psychological response from a physiological measure (e.g.,
gait), it asks participants to name it; second, instead of measuring the responses or reactions of
people present in a certain environment, it interrogates participants about those destinations that

are too hard to reach, and therefore captures perceptions of those who are absent; and third,

instead of taking the visual input as a proxy for the overall experiémseone in studies considering

eye tracking for instance), it encompasses all senses and captures the insights of participants who do

not rely on sight for orientation.
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4.6Significance for transport planning and urban design

Identifying aspects ahe built environment that are problematic is important as a decissapport

tool for improving built environments. Certain aspects of the walking environment (e.g., intersection
layout, trafficoriented environments) were prominent among the intervievigese are related to
severance, difficulty and unpleasantness, for all ages and disabilities. Any given city will have many
occurrences of these problematic features (such assignalised intersections). Targeted retrofit

will require specifying the chacteristics that should be altered, to facilitate systemic assessments of
walking networks. This work should relate experiences of diverse users (for instance aspects
perceived as difficult or features discouraging a local walk) to objective measures grotind.

Given the diversity of potential perceptions of similar environments, noted here and previously, it
will be important to examine specific user groups separately, identifying what might be an obstacle

for at least some people (e.g., blind, longneaisers).

4.7Strengths

This study has five major strengths. Firstly, it examined trips that are usually walked vs. potentially
walkable and addressed dimensions of lived experience, controlling for familiarity and habits, which
can potentially influencéhe choice and experience of walkifih2, 247, 251]Second, it included

adult participants with a wideange of ages and physical abilities, responding to the need for better
understanding particular needs of people with different types and levels of disabjliBe$7] Third,

it included trips combined with public transport, an area that is uAgesearched213]. Fourth, this
research contributes to addssing the emotional experience of walking, an aspect studied less than
the practicality and often through proxies and not direct insigB#s3]. Fifth, practical insightsere

providedinto what aspect®f the walking environment can discourage walking.

4 .8Limitations

This study also has four major limitations. Firstpatticipants reside in urban or suburban areas of
AucklandTherefore, while findings can be helpful for other-daminated enviroments (e.g., US,
Canada, Australia), they cannot necessarily be generalised to areas with radically different street
design and transport system characteristics (ease of driving, efficiency of public transport). Second,
while half of the participants areishbled, the numbers of participants when split by disability,
assistance used, and age are low (for instance, only one particigalimdsand uses a servid®g,

and no deaf participants were recruited)his is an issue considering disabled people as a

heterogenous grouprhird, the interviews were structured and may have lacked depth in some
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respects. The interviesssought to understand what matters, but answering this question fully
O2yFNRBylGa GKS LINRBOfSY 2F AR &40 Rodirth, basid dimeyfsns @fS NI | f
experiential quality (ease/difficulty and pleasantness/unpleasantness) were tentatively mapped

across the dimension of the hierarchy of walking needs, using a structured coding framework, but

there is inherent difficulty categorising perceptiof2sl2].

5 CONCLUSIONS

This study outlined the importance of three major dimensions in research examining walking
SYGANBYYSy(Ga I yR rstgitieNiaidy of it NTe& ediivorengri (cluding traffic

speed, volumes and infrastructure) played a major part in perceived barriers to walking across all

ages and disability status. Second, the broader transport system was related to the choaling,
particularly when perceived as more convenient than other options. Thirdly, disabled participants
deployed a range of strategies to overcome obstacles they encountered. Despite this, they were

more likely to experience severance, and inconsistasfalesign, making most spontaneous trips
unfeasible. Future research should characterise the features of the walking environment that impede
the ability to access destinations (e.gon-signalised intersections). This will enable planners to
systematich f & SEIFYAYS OAGASEAQ ySié2N1 & | yR ARSyiGATE

redesigned.
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CHAPTER 6: STUDY 3 — RELATING WALKERS' EXPERIENCES TO
MEASURABLE BUILT ENVIRONMENT CHARACTERISTICS

PREFACE

This chapter is based on a paper submitted for publicatidhe Journal of Urban Desighhe text

was slightly editedhere, shortening elements of context presented earlier intthesis

The chapter reports oan analysis of the barriers to walking idiéied through the interviews of 56
Aucklanders (chapter 6%ix types of environmental featurégitical featuresyesulted in at least
some people not accessing desired destinations. The present study sougldritify the barriers as

perceived by theparticipants by measuring them and characterising them objectively.
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1 INTRODUCTION

In an increasingly urbanised world, cities appear as major actors regarding climate action, particularly
through more sustainablgavel patterng3, 5, 6] A modal shiftowards low carbon mobilitplso
presents major and now well undersid benefits in terms of public health, wdléing, equity of

access and liveability.

As examined in the general literature review (chapter 2), WE and the transport system are associated
with walking through the important filters of individual percepticensd individualsocal, and trip
relatedcharacteristics. These associations form part ofdtedft Social Model of Walkability

developed througbut this thesis.

Despite the growing conceptual understanding and the accumulation of evidence, the lack of
2yaSyadza 2y oK G -gAE (ool iS|EF oLOISINELISINIE GliyS2ay” RA & ONJR Y A
movement and contributes to uncertainties regarding how to measure WE quality in a way that
NETtSOGa LIS2LX SQ& SELISNR Sy OSidual gharkdtetisticS Mdlerate | Y R«
the relationships between environmental quality, perceptions and walking behaviour needs to be

better understood[16, 24, 57] It is therefore important to triangulate objective measures, user

perceptions and guidelines to help develop recommendations on the priorities of retrofit, and

G NBIOIKSIDg Ay3é (GKS NBO2YYSYyRIGA2yad FYyR 202S0GA@S

Thischapter examinegvhat isnot walkable for adults of varyingges andbilities The problem of

the WE is inverted: instead of considering the idézdfures of the WE that are seen by the users as
difficult, unpleasant or nonrtraversable, in a capriented environmentare examined and
characterisedThis chapter builds on data previously collected through interviews (chapter 5),
focusing on the types of features of the WE that discouraged participants from accessing destinations

perceived as both desirablnd within walkable distanceritical featureg.
The aimf this studywere to:

1. Characterise objectively the critical features of the \Mitoviding insight for retrofit; and
2. Examine the appropriateness of best practice desigecommendations and local guidelines

for identifying the deterrents to walking observed by people

CKAA Fylfeara az2daAKG G2 aLISOATE 6KIFG AGONRGAON f ¢
can (a) help specify what is particular about the émstes that participants indicated as difficult or
non-walkable; and (b) help identify other instances that can be difficult or impossible, across

Auckland or other cities.
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2 METHODS

This is a descriptive study examining features of the WE perceived @srdaoraccess anouilds on

previously gathered insights from participant interviews (chapter 5). Briefly, participants were a

group of diverse agg20 t089), living in Auckland, with half of the participants having at least some
difficulty with one ommore of the following: walking, seeing, hearing, or remembering or

concentrating. Participants reported what made walking trips in Auckland difficult and/or

unpleasant, and what discouraged them from taking walking trips altogether (barriers to access).

EODK NBLR2NISR o0 NNASNI AyOf dzZRSR I RSaAONALIIAZ2Y 6Sc

the participant who mentioned it.

Individual barriers (secondary data) reported by interview participants, were assigned to one of six
critical featues: nonsignalised crossing facilities, footpath design and obstructions, traffic, street
lighting, holistic design and activation. The critical features were defined as at least one participant
declaring not being able to access destinations becauseapfélature. In this chapter, the critical
features are characterised and compared with recommendations found in international best practice

and two local guidelines.

Data relative to the reported barriers (chapter 5) were first filtered, eliminating {p)icates (e.g. a
single nomsignalised crossing identified by several participants); (b) instances not related to specific
locations; (c) instances that could not be measured because they related to a past or evolving
situations (e.g. a worksite with chgimg layout and vehicle flows); and (d¥tances that could not

be measured because the perceived barrier was a personal assessment (e.g. presence of people
perceived as threateningJ.able 15rovides an overview of the filtering and included numbers, fo

each type of barrier to access.
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Tablel5: Barriers to access related to the quality of the walking environment: reported cases and filtering

Critical features Barriers
N reported N duplicates?, N other Reasons for exclusion N included
(interviews)  excluded excluded (other)
Nontsignalised crossing 46 9 6 Not relating to specific 31
facilitiesg layout and situations, or relating to
geometry an evolving situation
Footpaths design & 24 0 8 Not relating to specific 16
obstructions(width, situations, or relating to
directness, obstructions) an evolving situation
Holistic desigmuality ¢ 16 2 3 Not relating to specific 11
cardominated situations
environments
Traffic along the path 11 0 3 Not relating to specific 8
volumes and speeds situations, or relating to

an evolving situation

Lighting(presence, quality) 7 0 1 Not relating to specific 6
situations

Activation: presence of 5 0 1 Barrier associatedtoa 4

20KSNJ LIS2LXx S LI NI A OA LI y il

aGNBShe assessment related to

the threatening aspect
of some people that
could be seefin a
location.

2.1Data collection

Data collected in this chaptare measures informing each barrier reported by the participants. A set
of metricswere chosen for each critical feature, and all the reported barriers were measured against

thosemetrics The choice afetricswas informed by

A P NI A OA LI yexplaRinghwiai theyt find difficult or neieasible;

A Previous researchbuilding on findings of the previous chapters;

A TheHealthy Streets frameworkconsidered best practice and laying out the important
dimensions to considgP5]; and

A Applicable local guidelinesNZ Transport AgeO& Q& t SRS & NA[PB3}andc SaA Iy =
1 dzO1 f F YRQ&A ¢ NI y a LJ2 NlibanStfeat ardl Road DeyigiZiGh[@d1o ¢ 5 a v

The full list of metrics chosen, the rationale for their selection, and the data sources are presented in

appendix 6A. Wherevgrossible, the measures chosen consider metrics that cities routinely collect

12 Duplicates refer to a same barrier reported by different participants.
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(for instance, peak hour traffic volumes), with the idea of developing an assessment that answers the

research questions while being pragmatic and easy to implement.

Data relative to the chosen metrics were gathered in July and August 2020. | visited all locations of
the reported barriers. Wherever possible, existing data were used (identified through online search
and direct contact with Auckland Transport). | gatheie situ those metrics that were not readily
available. It is interesting to note that pedestrian counts were not available except for the core of the
city centre, where they are automatically gathered via cameras and video recod@@iéh A brief
overview of the methods used to collect data is provided in Appendix 6A. Dttafermation about

data collection methods and approaches used to describe the data are provided in Appendix 6B.

2.2Data analysis

Each of the six critical features was described across the chosen metrics. Four aspects are considered

for each metric:

Therecommendations and identified thresholds from the Healthy Streets approd@sy;
Theindications and identified thresholds from the local guidelines

Themeasures gathered for each instance belonging to that critical featuaed

Arapid assessment of the measureslindzO1 t | yRO& NB2ViKSEG 4§ SEOS LI A 2

> > > >

common?).

Given the relatively small number of examined instances of each critical feature, the analysis is
mainly descriptive, based on the chosen metrics (e.g. median, interquartile range (IQR), minimum

and maximum, within the given metric). Patterns, or absence thereof, were identified.
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3 RESULTS

The results are presented in sections, one for each of the six critical features, presenting an overview
of the findings and a minimal definition. The full resylinformation for the four dimensions above,

for each of the examined metrics and each barrier reported) are presented as appendices.

3.1Non-signalised crossingmyout and geometry

The nonsignalised crossings examined were mostly informal (not maakeaks the carriageway but

only indicated to the pedestrian through lowered kerbs and tactile pavers, in most cases). The

crossing distances and speed limits, although higher than the recommendations, did not appear
SEOSLIiA2Yy It F2NIFHOQt BFROQESD2§5NE (IOt EaNIy 20 | 3I2
crossings. Ten of the instances have peak hour traffic below 500 vehicles per day, which would award
them the highest score for the metric #1 (traffic), in the Healthy Streets appioagtEight of the

cases (26%) had peakur traffic lower than 200 vehicles per hour corresponding to the highest

score regarding suitability of nesignalised crossings, in the Healthy Streets appr{ggih

¢KS AyaillyOSa gAGK aft26é LISF] K2dzNJ NI FFAO | LILX
assessment using ¢hHealthy Streets approa¢ds] would rate them as appropriate in their context.

Yet, participants pointed them out as difficult or impossible to cross, indicating the presence of

serious issues. The presence or absence of crossing aids, to which both Healthy Streets and the local
guidd AySa NBfIGSsS sta y20 Ly 200A2dza SELX Iyl A2y

(under 200 vehicles per hour) also have pedestrian refuges, four of them with a STOP sign.
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Two aspects help however explain the difficulty and are presengdalb (a) turning radiiand (b)
the complexity of the crossingmeasured by the number of traffic movemertitsit the person needs

to watch before crossing

Turning radiiappear to be an important parameter, acknowledged but not strictly prescribed in the
guidelines or the best practicAll of the problematic crossings situated at intersections have turning
radii above 8 m, for the direct left hook, suggesting relatifidjh cornering speeds. It was not

possible to inform the association between turning radii and cornering speeds through local
measures or results from published empirical studies. Therefore, measures were taken on the ground
for a sample of locations presting a range of radii corresponding to those indicated by the
participants. A total of 966 measures were examined. Each additional meter of cornering radius was
associated with 0.8 km/h higher cornering speed. The detailed findings are presented in Apgend

6C (metrics, best practice and measures) and 6D (detailed findings regarding traffic, turning radii, and

cornering speeds).

Including the number of traffic movements in conflict with the pedestrian crossing allowed the
refinement of the definition oproblematic crossingg.wo of the crossingsonsidered problematic
presented only one lane to cross apebra crossingsut the turning radii were high iboth cases
(18 and 26 m).

Problematic crossings identified correspond to one of the following catdgse: (1) Peak hour traffic

> 500 vehicles/h; (2) peak hour traffic < 500 vehicles/h, three or more traffic movements in conflict
and left hook radius >= 8m; or (3) peak hour traffic < 500 vehicles/h and left hook radius >= 18m.
Guidelines and best practidocus on traffic volume and physical crossing aids, failing to identify

instances noted as difficult or nemalkable by people.
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3.2Footpaths design

Participants spoke of footpaths being difficult to navigate because they were too narrow or
obstructed.Measuring footpaths widths and pedestrian flows presents methodological difficulties
due to the variability of those measures (respectively in space and in time) and sometimes their
interaction (e.g. temporary presence of people waiting to cross thedight obstructing the

footpath). The results are presented in Appendix 6F.

Three types of barriers were identifie@h) crowding footpaths having a width that is not small in
absolute terms but too narrow for the present pedestrian flo@®; footpaths that are perceived as
narrow in the context of the adjacent heavy traffithe edge near the traffic being de facto not
usable, btialso, the traffic means that the other side of the street (having possibly a wider footpath)
is not necessarily accessible; gl footpaths where obstructions force people thange directions
frequentlyord a f | Th2 dbstidictions could be for insteesigns, electric boxes, parked cars, bins,

chairs,or scooters

Footpaths perceived as crowddaad minimal widths between 1.3 and 2.3 m (medianrh,1QR
0.4m; six of the seven measurel.8 m,i.e.the lower limit defined by the Auckland Transportdigm
Manual[94]). The estimated flows through the narrowest sectiangedbetween 10 and 390
people/h/m width (median: 130, IQR 210). The seven examined situations displapetbination of
widths and flows, without obvious pattern relative to the combinations between pedestrian flows

and geometry (narrowest width, proportion of the street lendtbtween1.5and2 m).

Footpaths perceived as narrow and close to traffiere na necessarily narrow, in absolute terms:

for instance, the footpath on New North Road is 2.9 m wide and with low pedestrian traffic. Of the
three cases, two presented high traffic volumes: 28,300 and 23,000 vehicles per day; and 2,300 and
2,000 vehicles/pak hour[267]. The traffic was relatively low in one case (Mountain Rd, ADT 1,520
vehicles per day, below the threshold of 2,000 recommended for the local {288§. The three

reported cases all had footpaths directly adjacent to traffic, without buffer.
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Obstructed footpathswere raised by several participants who were either blind and forced to figure
out ways around, or nowlisabled but bothered by the lack of consideration of other people.
Observations on the ground highlighted the presence of a variety of obstructions, botnbait
temporary. The remaining usable walking surfaces were not narrtiveer 1.2 m but it was noted

that the obstacles could force pedestrians to slalom. Walking routes that are direct, wide enough and
unobstructed, as recommended by the best practice and the guidelines, were seldom observed. It is

to be noted that the assessnt of footpaths width presented significant difficulties (see discussion).

Overall, the perceptions of narrowness could not be informed by a simple width/usage rlis.
possible that dimensions such as proximity to heavy traffic or disposition of@estaight

participate in those perceptions. The guidelines focus on the width of the clear path, providing
limited input regarding how the width should vary with pedestrian flows. The measurement of width
is further complicated by the fact that on the gnad there is no separation between the theoretical

clear path and other footpath areas (e.g. furniture area).

3.3Holistic design qualifiycardominated environments

The examined streets and roads were defined by five main characteristics: (a) trafficves

markedly higher than the threshold of 450 vehicles/h above which the score regarding noise is null,
in the Healthy Streets approac®5]; (b) a very low availability of safe crossings, indicating that

most desire lines are not catered for, especially in the light of highffic volumes; (c) wide streets

and roads, typically above 27 m, with little enclosure; (d) speed environments of 50 km/h or

higher, with speed distribution expected to be mostly under &/h; and (e) a low fagcade

transparency, typically under 20%.

Thelarge widths and low fagade transparency typically meant a limited oversight from the nearby
0dzAf RAy3ad ¢KS aSesSa 2y GKS aGaNBSGé¢ oSNB | faz
When a reasonable tree canopy was present (Nelson and Holsm®1)Sit was possibly offset by

OF NNAI 3Sgl&a 2F mMp Y YR 6ARSNE IyR 3ISYySNIffe
The detailed findings are presented in Appendix 6G.
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3.4Traffic along the path

Traffic along the path was associated withlume, speed, or a combination of both by participants.

Eight specific locations were noted as difficult or unpleasant and examined here.

The measures showed traffic volumes above 1,400 vehicles/h and 14,300 vehicliesgely higher

than the thresholdss defined by the Healthy Streets methodology and corresponding also to the
higher range of the measures available across Auckland (see Appendix 6E). The indicated sections
with two lanes of traffic had the highest traffic volumes per lane (around 75k lestth/lane). The
locations with five or six lanes had between 300 and 460 vehicle/h/lane. The examined locations are
presented in theFigurel2 with their measures of traffic, carriageway width and lanes. The detailed

findings are presented in Appendix 6H.

Traffic volumes perceived as barrier (peak hour), carriageway widths and traffic lanes
v5 19.11.2020 source: Traffic_from_v8_15.09.20.csv ; N=8

3000~ Number of traffic lanes
o 2 Y
® 4
® s
6
®
O
2000 -
o
o

1000 1.000 vehicles/h, threshold for score 2. Healthy Streets approach

Peak hour traffic [vehicles/h]

500 vehicles/h, threshold for maximum score, Healthy Streets approach

0 10 20
Carriageway widgh [m] (including bus lanes, when present)

Figurel2: Traffic volumes as barrierpeak hour volume, carriageway width and number of lanes
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3.5Absence of people

Fourlocations were noted as being unpleasant because of a lack of human presdneases lacked
passive surveillandeoth because of a low footpath activity and fagcade transparency. The pedestrian
traffic wasbelow 15 people ir20 minutescorrespondingo long periods of time without any

presence directly on the street. The fagade transparency was low (13%) in one case (Mt Eden Road)

and almost null in thether three cases.

The four locations indicated as lacking human presence combined low pedestritivitgcand low

oversight from nearby buildingsDetailed results are presented in Appendix 6l.

3.6Lighting T presence and quality

In three of the four cases reported, the average horizontal illuminance was between 0.2 and 1.6 Ix,
markedly lower by the 5Irecommended in Healthy Streets for the lowest hierarchic level of

footpath (local, residential street). In addition, the averages mask the fact that the three low values
include vast lengths without light punctuated by a few isolated and relativelytdagips. In two

cases, a pedestrian walkway connecting two streets was illuminated by one lamp at each side, but
the length (70 and 280 m, respectively) was entirely dark. The fourth case is a railway overbridge
(Onslow road to Kingsland) and althoughahnot be described as dark (8.1 Ix), it presents an
experience of aloneness and isolation, with few if any people walking and no oversight from
buildings. For all four instances, the lighting was strictly functional, with high luminaires (above 4 m),
often set far apart. The assessment of lighting is made challenging by recommendations and
guidelines presenting an array of values for illuminance, depending on pedestrian activity and/or fear

of crime, both being typically unknown.

Amongst the four locationmdicated as dark, three were either located in residential areas, with
nor-illuminated sections. In the fourth case, the perception of low lighting was not explained by the
illuminance (relatively high, at 8.1 Ix). Guidelines do not directly allow tdifgigaroblematic

sections given that they prescribe lighting levels based on the categorisation of each street, which

could not be identified here. Full results are provided in Appendix 6J.
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4 DISCUSSION

ho2SOGAGBS YSI adzn&ceptiénd of iedsiBility?o0dificutlyayFNEIQzZA RSt Ay Sa Q
recommendations were triangulated@his chapter contributed characterise previously identified

ol NNASNE O6O0KFLIISNI p0 FyR SELX 2NBR (KS | LILINE LINA |
utility and difficulty. The results provided reatworld perspective on local guidelines and the Healthy
Streets frameworK95]. Instances thatwouldhav@ S Sy OKI N} OGSNAASR | a 322
technical standpoint but were highlighted by participants as causing major difficulties were

particularly interesting. Analysis sought to identify what parameters might not have been considered

in the recommendtions.

The findings are discussed below in the light of previous reseaudhef, the usefulness of the

findings for the urban retrofit and future research are recommended.

4.1Findings in the light of previous research

hNB G R Iy Rys@ddt lit§dtuBedeSidwcexaminedlsoin chapter 3) showed low levels

2F | INBSYSyl 0S0¢6SSyYy YSIadNBa 2F Sy@gANRBYyYSyllf
features[50]. Primay studies tended to prelefine measures, often in necomparable ways, and
SEFYAYSR GKS Fa4a20AF0dA2ya 6AGK dzaSNEBEQ LISNOSLI A
and colleagues examined footpath obstruction as an environmental attribute, congpé) the
LINBaSyOS 2Nl y2i0 2F 20ai0NUz0iA2yas a4 20aSNIBSR 02
with the statement that the footpaths are unsafe to walk, finding a poor level of agree[268i
lylFfeaay3d GKS SOARSYOS: I pekeividhdghiomoot eirirsntndi  y 2 {
YR 202S8S00A0St& YSI AadNBR ySAIKOo2NK22R BYOANRY Y

The present study took a diffeyeli I LILINR I OK > & ( I NI Afgbpathfobi@eived dsd S NB& Q
obstructed) and striving to find what measures could help explain the perceptions. The methodology
allowedsuggestingnetrics and thresholds for assessing critical environmental featlmggrms

dzZa SR 6@ hNBIOFIR FyR O2ffSIF3dzSa ounmt0z (GKAA &idz
and considered only those metrics that can help characterise those perceptions and therefore

identify further instances on the ground. Informingrbers reported by people of diverse ages,

abilities, and backgrounds, walking for different purposes, also provided an interesting insight into

0KS RAGSNBAGE 2F |a420A1FGSR YSIFadzZNBad C2NJ Ayadl
situations with median peak hour traffic of 1,700 vehicles/hour, with an IQR of 600. The diversity can

be related to individual differences but also to the interplay of different metrics.
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Possible interplays between metrics were considered here, and indicationsoziatssns were

observed, conceptually aligning with previous findings. For instance, one situation considered as
KIEI@Ay3a AyadzZFFAOASYG fAIKGAYI KIEIR | £S@St 2F fA-
Ix[161], but was also noted to be a lonely area. Isolation and aloneness had already been suggested

by Fotios and colleagues as infheing negatively the relation between lighting and reassurance

[161]. These interplays stress theportance of considering walkability as a complex, multi

dimensional phenomenof21, 22] The characterisation also enabled a reatieck of the Healthy

Streets approach and the local guidelines, discussed below.

It is important to recall that the barriers characteribin this study represent a subset of the possible
barriers to walking experienced by people. For instance, although ase@ccess and the

presence of cues for blind and low vision people are essdhBal4, 57] these aspects were not
raised by inerview participants in relationship to specific locations. They are therefore not included

in this assessment.

4.2Findings and the Healthy Streets approach

The findings generally supported the existing quantitative thresholds set within the HealtleysStre
approach[95] or aligned caceptually with the dimensions prescribed qualitatively in Healthy

Streets, providing specific measures. Two disagreements were also noted.

4.2. Measures aligned with thresholds

The findings aligned with the thresholds for (a) traffic volumes along teetst(b) traffic speed; and
(c) the levels of lighting. In each case, observed levels were markedly worse than the thresholds
defined by the guideline (e.g., traffic volumes 50% or more higher than the threshold yielding the

lowest score for traffic (meic #1).

Although the comparison between the results and the Healthy Streets approach are consistent, it is
AYLRNIOFYG G2 1S8SSLI AY YAYR GKFG GKS 1 8FfaKe { GNI
least a threshold considered a sufficient, white findings relate to situations that in this research

GSNE RSSYSR ay2iG ol ft1loftSéd ¢KAA RAFTFSNBYyOS 27

be far even from the threshold defined in Healthy Streets as the minimum.

4.2.Zonceptual alignment,in the absence of thresholds in the guideline

Measures were provided to inform metrics for which the Healthy Streets approach provides a
qualitative assessment (namely measure #10: availability of appropriate crossings for all/some/none

of the desire ling; measure #20, natural surveillance: permanent, intermittent or abfgsij.
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Low availability of pedestrian crossingsl & Y SI adzZNSR T2 NIR2YNF S iES RE2 b SR
to over 1 km between safe crossing points). These measures were also put in the context of generally
high trdfic speeds, volumes, and carriageway widths. Together, these aspects contribute to a poor
provision of connections across the street. While pedestrian connectivity is known to be an

important aspect of the ease of access to destinati@is 249] itud dz £ ft @ A&y Ql LR a&aAo
assess how many of the desired connections are not catered for. It is therefore suggested to indicate
maximum distances between safe pedestrian crossings while accounting for traffic volume, speed,

and carriageway width.

Natural surveillancewas examined through measures of facade transparency and pedestrian

I OGAGAGED ¢KS aoSaidé 2F GKS | NSIa RSAONAOGSR I a
transparent facades and approximately 50 pedestrians per hour. The importance of the stréet wid

can be assumed (wider streets allowing less surveillance from the opposite side). These measures
should be developed through more cases, reported by diverse people in diverse contexts, to inform
thresholds corresponding to perceptions of isolation onwersely a comfortable level of human

presence.

4.2 . Disagreements

Two main disagreements were identified between the measures and the Healthy Streets framework:
(a)footpaths reported as too narrowvould be considered in some cases as wide enough for the
pedestrian flows in presence, according to the framework; and (b) some oiafsignalised

crossingdifficult to navigate would be considered as appropriate.

Thefootpaths for which the disagreements were noted were either directly adjacent to heaffiar

or designed or obstructed in ways that forced interview participants to dodge obstacles or other

people (for instance standing at the lights or at a bus stop). Although the initial question seems very
AAYLE S yR G(SOKyAOIt 08K2&X oGRS deX8NA KRE LIS MR & yi OX
Even if physically able to pass, adjacent heavy traffic reduces the usability of part of the footpath and
having to zigzag increases the difficulty of the walk, especially for blind people. The findiraschkint

again towards walkability as a complex system with a variety of dimensions such as traffic, street

furniture, overgrown vegetation or other obstacles.

Eight of the reportedhon-signalised crossing®6%) had peak hour traffic volumes below 200
vehicks per day, corresponding to the highest score regarding the appropriatéefesassessment
of those instances and others show timeerplay of traffic speed and complexitylhe importance of
the number of traffic movements the pedestrians are exposedrtd of turning radii was suggested.

These two metrics are not discussed in Healthy Streets approach. It is to be noted that the
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movement complexity as assessed did not consider pedestrian refuges, that can in theory reduce the
complexity by allowing pedesans to split the crossing in a sequence. This is an intentional choice,
prompted by the indications given by the participants: blind people not knowing if a pedestrian

refuge will be available in the middle of the street and participants, blind or noidiang using the

refuges because their design (typically too narrow) made them feel exposed to the traffic.

Theturning radii appeared to be an important featutgecause related to traffic speed and therefore

to the time available to decide whether to @®, and the time available for crossing. Further, open

radii also mean traffic trajectories that are not orthogonal to the pedestrian crossing, and therefore a
lesser mutual visibility between the pedestrian and the driver. Pedestrians can expect traffitvie

at them almost from behind. Even if the traffic volume across the considered crossing is low, an open
radius on a side street means the possibility for any driver using the main stretch to turn left almost
without having to alter their driving sjgel. Both the nororthogonal impact and the speed at which it

can happen can be assumed to add to the stress of crossing.

4.2 . AComment on metrics

The Healthy Streets approach makes a notable and needed effort to promote a holistic assessment of
environmerts. The approach also provides simple metrics often with quantified thresholds. The risk,

as seen above in relation to the footpath width and the appropriateness ofsigmalised crossings is
that a specific metric is used by itself in the practice t®Saésia | F22 G LI G K 2NJ I ONZ

not considering factors that could influence this assessment.

Healthy Streets helps assess environments in a straightforward way, through clear indicators and
scoring rules. Recent publications recognise thalthg Streets provides pragmatic decision support

for delivering complex policy goals such as health and sustaindBifily 271] The findings from this
chapter suggest three directions for future developments. Firstly, as noted above, thresholds should
be identified regarding naturausveillance (pedestrian traffic and fagade transparency), distances
between safe crossings, and cornering radii (as a proxy for cornering speeds). Second, the measures
for footpath widths should be further developed. Thirdly, guidance should be providgddiag

pedestrian counts. Recommendations regarding the last two points are presented in Appendix 6K.

149



Chapter 6: Study 3

4.3Findings and local guidelines

Two local guidelines were considered: the national pedestrian design [@8ehat is tnderstood
to be under review at the time of the writing, and the Auckland Transport Design Mg@4)al he
available guidelines mostly focus on best practice, ngrmalhthe aspects that should ideally be in
LI I OS F2NJ I aogltl1lroftSé SY@ANRYYSyYyilizZ 6AGK GKS Ol
could be perceived as barriers. In the case of inheriteddoamninated environments, the gap
between what in the ground and what is ideal could seem overwhelming, and the difficulty of

knowing what should be improved first is real.

Identifying barriers to walking using existing guidelines is challenging in three ways: firstly, advice
given regarding identifpig issues often requires data that is not available (pgdestriandesire

lines and suppressed demand,dssess if the network completeness (gL 4nd 68); perceptions of

poor safety, for determining the appropriate levels of lighting (p. 17); oplsitthhe use of footpaths

by people walking or sojourning, to help determine the right dimensions {3)13econd,
recommendations tend to be qualitative. For instance, while motorised traffic is described in broad
terms as deterrent to walking, the reconendations do not provide explicit thresholds regarding

traffic volumes and speeds and their roles regarding the levels of service of paths or crossings. Third,
thresholds that are available or embedded into assessment tools relate mainly to vehicle and
pedestrians flows, crossing distances, or footpaths widths. This set of measures gives a form of
GKE&@RNJI dzf AO¢ @AaAz2y 2F gl f1Ay3IZ YANNBNRAY3I (GKS O
and waiting times. While being aligned with the qualitatrlecommendations, the findings were at

odds with the guidelines regarding naignalised crossings, discussed below.

4.3.Disagreement: nonsignalised crossings

For pedestrian crossings, a sophisticated tool estimates levels of service based orctr$ing

distances, physical crossing aids (e.g. refuge) and the vehicle @y&ddwhile the tool is helpful in
estimating devel of service and comparing variants, it assesses intersections one at a time requiring
data that is often not available (e.g. traffic speed as measured or pedestrian flows). Conceptually, the
idea of producing a single output, or level of service,aan be problematic, as it arguably does not
NEFf SOG GKS RAGSNRAGE 2F dzZaSNAQ ySSRaod blySte:x

refuges, and therefore, their effect on the calculation of the level of service is debatable.
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The nationalglR St Ay S LINP@ARSAa 2yS AffdzZAINF A0S GKNBaKz
extensions and a raised median or pedestrian island can provide excellent safety benefits and a

al GAaTlhOl2NE f SOSt 27F &SNDA QR Theieight taBes &ith budt2 S ™|
crossing aids and traffic below 1500 vehicleshmaur were at odds with this statement. As seen

above, participants reported that pedestrian refuges were at best not satisfying and at worst not

usable at all (blind participants, not knowing if a refuge will be available and feeling exposed while
standingin the middle of fastmoving traffic). All the problematic crossings at intersections had radii
KAIKSNI GKIY yYI 20SN) g2 GAYSa KAIKSNI KKy GKS
Transport Design Manufd4].

The findings of this study suggest assessing the appropriateness-gsigmatised crossings based on
traffic volume, complexity, and speeds, considered simultaneously (low complexity can be af issue i

high speed, and vice versa).

4.3.2Z20mments on metrics

The comparison of the findings with the guidelines provided two insights regarding the ways how
footpaths and holistic street environments are assessed. The recommendations regarding footpath
widthsrelate to pedestrian through routes and other areas of the footpath (for instance buffers to
walls and kerbs, or furniture areas). In real life, those different surfaces are not distinguishable.
Therefore, while recommendations are made regarding footpeitiiths, the usability of these

proves challenging. Appendix 6L illustrates the difficulty to compare guidelines and observations.

The guidelines did not provide specific rules or thresholds for assessing of environments described as
carcentric and percwed as barriers to walking. The findings suggested an interplay between street
width, lack of transparency, lack of pedestrian activity (low surveillance), and absence of crossings
(difficult to use the other side). The observed cases typically had twmoe lanes per direction

and/or high traffic volumes and speeds, but a notable lack of signalised intersections. All measures
indicate the potential for rehinking the street as a public space, and namely (a) the relative space
given to traffic and peop} (b) the traffic volumes and speeds as major contributors to sevel&ice

273], and (c) possible additional metrics relative to aesthetics and emblematic factors, for which
current evidence base is pofit75]. Guidelines should evolve to encourage and facilithte type of

assessment.
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4.4Usefulness of the findings for urban design and transport planning

The findings from this study can first help characterise the mostwalkable features of Auckland.
Combining the information of the newalkable features andhe expected local traffic (for instance

using tools like Space Syn{a90]), could provide a draft prioritisation for retrofit. The findings could
42 08 dz&aSTdA TFT2N 20 KSNI b S ddegighedbhsgdothe sdnes y a |

national design standards as Auckland and likely to display similar systemic issues.

Two key aspects of this study can also be relevant beyond Auckland and New Zealand: firstly, the
methodology of informing the nowalkable cdzf R 6 S NBLJX A O (i S RrietricSadNP dza K«
measures. Second the findings can be interesting for urban areas having been developed in patterns
similar to Auckland, around a edominated infrastructure and singlase low density suburbia.

United States, Canada or Australia (with whom New Zealand shares design standards and for which
AAYAT I NRAGE Ay dza 9N&) aredhd mMdst@bvipudzbBEmpleNS y 2 G SR

The identified metrics and thresholds shoulot be used directly for design, given that their purpose

is to characterisevhat isnot walkable. For instance, it is suggested that some users will not cross at
non-signalised intersections with cornering radii above 18 m. A cornering radius below 18 m should
GKSNEFT2NBE y24 0SS aSSy Ia | &3aadkesitmghtRil dzas 06SOL
correspond to a high level of difficulty and stress for users. It is however suggested the findings be
integrated in design guidelines. The guidelines should provide indicatiofzg what are the critical
features, having the potetial of preventing people from accessing their destinations on foot or by
wheelchair; this chapter provides an indication of what those features could be, indboanated
environment, but the findings should be adapted to the area of application ofjtii@elines; andb)

what metrics should be examinedor each critical feature; in this study, traffic volume, cornering
radii and number of traffic movements in conflict with the crossing were for instance suggested as
key metrics for assessing nsignaised crossings, and indicative thresholds were provided. Most
benefit would be gained from metrics that can be operationalised in a systemic way, for instance

using an algorithm through an entire urban network, to identify the a priori hot spots.
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4.5Strengths and limitations

This chapter has two major strengths. Firstly, it contributes to understanding the environments

perceived as nomwvalkable by examining which metrics and thresholds characterise barriers as

reported by users (chapter 5). As the inpatammed from interviews with people aged 20 to 89,

half of whom were disabled, the identified characteristics help understand the lowest common
denominators of environmental barriers. By doing so, the study provides a support for systemically
assessing whking networks in a way that considers the diversity of users and helps better consider
disabled people and their diverse nedd$, 24, 57] The approach taken responds to the often

noted difficulty of measuring environments in a way that is consistent Wi 2 LJX SQa LISNOSA @
walkability[50].

Second, this chapter examined the findings against the Healthy Streets approach and the local design
guidelines, allowing to identify importametrics that had not been directly considered (e.g.

cornering radii as a proxy for cornering traffic speed) and thresholds for some of the existing metrics

(e.g. natural surveillance). The findings can complement the best practice and local designegiidel
0SOlFdzasS O2yGNINEB G2 GK2a$S R20dzvySyitaz (KS& R2 Y3

most nonwalkable features.

This study also hdbree main limitations. Firstly, only those critical features identified from
previously realised inteiews and corresponding to the inclusion criteria (for instance, specific
location indicatedwere characterisedit is understood that people might experience barriers other
than the sixcritical featureddentified here. Second, the characterisation dfical features relied on
relatively low numbers of instances, especially for the places described as lonely (low presence of
other people) or poorly illuminated. Third, given that the pedestrian count data was largely absent,
counts were based on estimad peak hours and collected through one survey, for logistical reasons.
Knowing in addition (a) the expected daily variability of the pedestrian flows; and (b) the fact that
part of the counts had to be realised after the first NZ lockdown, threshold&deta pedestrian

flows are estimates.

Future research should develop characterisation based on more identified barriers, from more
people of diverse ages and abilities, residing in differenidoeminated cities. Thresholds relative to
pedestrian flows sbuld in particular be further developed, basing on more locations, with ideally 7

day counts over 24 h, so to capture the diverse uses of the streets and volumes of pedestrian traffic.
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5 CONCLUSION

Walking for transport and walkability are becoming more common in urban developagemidas
but face two major difficulties: the lack of consensus around what causes the highest barriers to
walking, and the need to prioritise retrofit, especially in-daminated realms that might be

G A Y KSNByLift Bt o/f2§¢ o

I LINF 3YFGAO I LILINRPFOK Aa ySSRSRX yYyR GKAA &GdzRe
inputs (specific barriers to walking indicated), objective measures, and technical recommendations

and guidelines. Grounding the research into lived experiences (features discouraging the access to
destinations both desired and perceived as being within walkable distance), barriers to walking were

characterised and examined against technical guidelines.

The results provide both a minimum definition of naalkable features, and a critical assessment of
the walkability guidelines. The characterisation relies on multiple metrics, wherever needed,
emphasising the systemic aspect of walking. Findings gigtihie most important (groups of)

metrics and suggest improvements to routinely used guidelines. The suggested improvements relate
to a more nuanced approach to barriers (systemic aspect), but also to a need for guidelines helping
professionals in chargef walkability identify the most critical newalkable features. Future

research should develop the drafted characterisation through more interviews and measures,

considering people with different ages and abilities, living in differendoaninated cities.
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CHAPTER 7: STUDY 4 - STREET ENVIRONMENTS’ BARRIERS TO
WALKING IN AUCKLAND — HOW PRACTICIONERS PERCEIVE THE
NEEDS AND CHALLENGES

PREFACE

This thesiduilt on the premise of the importance of the street environments for walKiitg

previous chapterexaminedhow environments might influence perceptions and behaviotlitss

study wagdesigned as a way of closing the lofgiusing on how current low level$ walking in
Auckland are understood and addressed by the professiomatdved in the (re)design of streets and
public health The study examinethe agreements and disagreements between professionals active
in five different disciplines providing insigt into the operationalisation of more walkable

environments

This chapter is based on the pap¢ow to improve the walking realm in a casriented city?
(Dis)agreements between professional disciplinescepted for publication in Transportation
Research Part A: Policy and Praciig&]. The pape(see Appendices, from page3)2vasslightly

edited for the thesigcontextual aspects presented in the general introduction were shortened here)
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1 INTRODUCTION

Urban areas are facing the challenge of transfornaind integratingheir land use, infrastructure,
and services$o enable and encourage lesarbon mobility{2, 23] This challenge requires addressing
systemic barriers to, or risks for, walkifg®, 276, 277]Barriers experienced by people of greatest
needshould be prioritised11, 278]

Chapter 2outlined the complexity of walkability and suggested a lack of consensus on the relative
importance of different dimensions of the walking environmehfocus on professionals isucial
because of their conjoint roles in delivering better environments for walking but also because of
noted disagreements between disciplines (e.g. relative to the quality of same built environfights
or the causes of negative outcomes such as pedestrian causfiizp. Achieving more streamlined
multidisciplinary collaboration is urgeas major integrated urban transformations are required to
achieve carbon neutralitjp].Different professional disciplinesanhoweverbase their pratice on
different perspectivesind assumptionf22, 91] andit is notclear if professionals in charge of street

design share views regarding what these barriers are and who suffers from[13e18, 279]

1.1Assumptions

This study builds on two assumptirfirstly, that the delivery of walkable environments is a complex
sociatechnical systenfCSTSyecond, that the delivery of walkable environments is hindered by a

f1 01 2F ljdzk £t AGé& RI G HUXNSdtheNdare §lack afzZofstiEa®@onG E LIS NA Sy (
professionals relative to needs and prioriti@d third,disagreementsegarding priorities and
challenge®xistamongst professional§ hesehree assumptions are explored briefly below, with a

focus onAucklandused as a case study.

1.2Walking as a complex sot¢azhnical system

In this study, the planning and delivery of walkable environments are understood as paiSia

The concept refers to systems that are evolving, dynamic, and open to externa [l286¢ CSTS
approaches were developed in an effort to understand and manage relationships between people,
technologies, infrastructure, processes and g¢289]. Cities had previously been characterised as
CSTS, ih Davis and colleagué¢®80], and Adelt and colleagues using systems approaches to analyse

modal choicg281].
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/| 2YLX SEAGE Ada FTNIYSR | yR RS p@NioapkRty isréaland I KA | Y|
measurable, but cannot be described objectively (i.e., the description is limited by the biases of those
trying to describe it). ie authors showed that complexity can be examined through an assessment

of four dimension$283]: amultitude of components interacting dynamically with each other; an

important diversity of those components; unexpected variability; and resilience, including

redundancies and the possibility for outcomes to be generated in different ways. The key aspects of
each dimension and an application to the walking environment are presentadpandix7A. The

complexity of delivering more walking environments is amplified given that diverse components of

walking environments are managed and/or altered by professionais flifferent disciplines.

1.3Lack of consensus between professionals

Previous research has suggested that professionals who deliver urban environments (e.g., planners,
policy-makers) and those who deal with their outcomes (e.g., health researchers) do not necessarily
share a common vision regarding needs and prior[8€s 284, 285]It is suggested that transport
planning and public health have been disconnected from each other, resulting in transport systems
having adverse health outcomgs4, 23] Further, a lack of integration between land use and

transport planning appears to be a barrtermodal shift away from personal vehicles towards active
modes[14, 23]

In New Zealand, disconnect between disciplines can be observed at different decisimking
levels.Ministerial portfolios delivering infrastructure, or portfolios impacted by it, can lack
coordination and operate within legislation that can be conflic{i8@]. This situation can result in
negative ieractions between domains, namely transport, housing, economy, and produdg8ity
Further, investment decisiemaking is based on benefibst ratios that overlook pedestrian
accessibilityf286], suggesting a diffidty in delivering optimal walkable environments. At the local
level, past evidence indicates a certain misalignment between stated policy objectives and the
infrastructure delivenf80]. An example of this situation is special housing areas that can be car

dependent and therefore naineet the objective of reducing greenhouse gas emiss[80%

t NEFSaaArz2ylrtaqQ @AsSga Ftaz2 FLIISENI G2 ATy LI 2NI
in New Zealandyapswere recently outlinedetween priorities seen by professionals involved in the

design of transporsystems, and usef279]. Previously fewer than 20% of 238 interviewed

transport professionaldeclaredthat walking realm retrofit wagrioritised according to the needs of
peoplewhouseif13]® t I dzOAG& 2F RFEGF NBIIFINRAYy3I dz&ASNEQ yS:
Only 6.7% of the interviewed transport professionals thought that good data was available about

people using the footpathg 3]. While access to jobs, leisure and recreation, green spaces, and social
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networks is instrumental to peopleigell-being, the ease of access remains poorly captured in New
Zealand287]. This is important, aseglect from policy and préice had been linkedo difficulties of
access and decreased wellbe[2@, 41, 286] The New Zealand Transport Agenoynmissioned a
investigation into thebarriers to participation experienced by disabled pegpiebe delivered early
2022[288].

DA@PSY G(GKS RAALISNEAZ2Y 2F LINRPFTSaarz2ylftaqQ @AasSsga |
dza SNE Q Yy SSRA[114,252, 20% Ktz S BEANE A y & A K pravidela YighfulS E LIS NA
T2NY 2F aNBI f Al e (CORGS Q42E @ methbdolady Bublvidg ié iy 90ctety in
research projects, from data gathering to recommendatid®Scan mprove the understanding and
O2yaARSNI GAZ2Y 2F LIS 2 indbkhi289) SHisthiSishhpledCHS bettek Y RS OA &

understand the barriers to walking, as experienced by diverse p&opégpter8). The present study

)
6

builds on this information and uses the inputs of Citizen Scierf@$3hat had been recruited

amongst the interview participants (chapter.5)

1.4Aims and questions

The aims of this study are t¢a) gain the views of professionals from five different disciplinegith

a focus on priorities, challenges, and evidence gaps for delivering quality watkimgnments in a

car-oriented city. The targeted disciplines are urban design, road safety, transport planning, public
KSIfGKZ dzNbFy RS@GSt2LISYyd FyR aiNIXGS3Ied ¢KS NEB-
professionals active in one or meof the five disciplines identified; arfd) examine from the
LINEFSaaArzylfaQ LISNE Lpaing aiddelivetyDivalkingeazrondieatdsya o K I
CSTSThe study is located in Aucklaadd movedeyond the observation of disagreements

provide insights regarding how professional practices could evolve towards a more integrated

approach.
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The research questions are:

1. 126 Aa aol f 1 0 MWhatareeemelty &t ShsENSUE 8nk divergence
redAl NRAYy3 GKS yFddzaNE 2F | aglf1lofS¢ OAGEK |
what data do professionals use to back their understanding of walking needs?

2. How do professionals perceive facilitators of and barriers to walking in Auckfakidhat are
aspects of consensus or disagreement, and how do the ideas compare with the insights
gained from users? What elements of consensus or divergence can be outlined?

3. How is pedestrian accessibility implementedfow do professionals perceive the priorities
for retrofit in Auckland and the challenges relative to the improvement of the walking
SYGANRBYYSY(GzZ YR K2g A aVhat dlemeisBi@esessysioE  dzy RS N.
divergence can be outlined?

4. How do practitioners rate the four dimensions of systemic comgtg»of planning and
delivery of the WEconsidered as a complex sodarhnical system? To what extent to the
ratings support the claim of the walking environment being a complex geclmical

system?
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2 METHODS

Data were collected via an online surveympleted over September and October 2020 and a focus
group (November 2020). While this study targets professionals, users were included in the process in
two ways:CYrecruitment and involvement described ihapter8) were invited to prepare the

questiors to be submitted to the professionals in the focus group, and to delegate up to three

representatives who would participate in the focus group. The methods are presented below.

Preparation Data gathering Analysis

Study design including recruitment
documents, preparation of the
online survey and concept for
thefocus group.

Ethics approval.

Recruitment (email) H Online survey I ¥ Analysis of the survey results and

l identification of topics to be discussed
in the focus group

Confirmation of focus group H Sign-in for focus group (optional) |
attendance

!

Survey results and topics for focus —b| Focus group and transcription |—b| Analysis of the focus group discussions
group discussed with the group of
Citizen Scientists. Decision on the
topics to be discussed in the focus
group.

Figurel3: Investigating professionals' viewsoverview of the methods

2.1Participants

The survey participants were profession@is28) from fields relative tadesign and delivery of
walking environmentsnd public health, working in Auckland at the national levelProfessionals
were identified by the research team through their networks and online searching of organisation

websites. The participants were selected based on three criteria:

1 Primary activityin one of the designated areas;

1 Expertise senior role anaver 5 years of experience in that field; and

1 Focus on walkingprimary employment activity has a focus on walkitigrough planning
and design of the urban environment, urban strategy, or public health interventions and

strategies to promote walking as contributor to physical and mental health.
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All survey participnts were invitedrzia emailto participate inanonline survey(Appendix 8b1)At the
end of the survey, participants could opt in for beingcomtacted for the focus group. The focus
group included professionals by order of expression of interest, amgtinat each area of expertise

was represented; and one of the users who had previously participated in the proje @ H261].

Measures were taketo minimise the risk of associating specific survey responses to individual
participants. Namely: only one wave of invites was sent; the participants opted in by accessing the
provided link and did not need to contact the research team; and expressionteodst for the

focus group were gathered in a way that did not allow association to the responses provided (the last
OalGKIFEY]l @2dz 0 &aONBSy Aa RS FLOG2 | aSLINYGS a&dz
focus group was transcribed withoukpNII A OA LI y1aQ ARSy(GA (e odzi 2yt e

and an indication of their profession.

2.20nline survey

The survey questions are presentedappendix7B2. Briefly, the survey covered five topics,

presented inTablel6.

Tablel6: Survey topics, inputs given to participants and response types (full surégpendix 7B2

Survey topic Further framing / indications Response type
1 An accessible city: signs of  Cite three aspects Open

success
2 Priorities of intervention For the next 3 and 10 years. Open

regarding accessibility on
foot/by wheelchair

312 Sttt G4KS nla 4-point Likert scale, frol
understood ay26tké G2
GSEGNBYSEt &

4 The single biggest challenge n/a Open
regarding retrofit of built
environments

5 Levels of complexity, within ~ Agreement with four statements (brief Sliding scale from 0
the activity of planning and  versionbelow): OaGRAA&LFIANBS
delivering walkable MAan 6aSyGAl

. There are many dynamically interacting
environments ydy y * for each statement

elements
There is a wide diversity of elements
There is unexpected variability

There is resilience
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2.3Focus group

Thepurpose of the focus group was to discuss &nther explore the results of the survey. The
topics to discuss with the professionals were first discussed and reworked with the gr@$pTdfe

CSeceived a summary of the survey findirdead of the meeng, with a focus on questions for

GKAOK (GKS LINRPFTSaaAirzylfaQ NBalLRyasSa akK2gSR SAGK!

purpose of the meeting with th€Swas to collect their views regarding what topics should be further

explored, in the fous group.

TheCANR dzLJ LINA2NR GAASR (g2 (2LAOaY (GKS t101 27

prioritisation of walking. Prior to the focus group, the professionals received an information pack
(Appendix T) presenting the two topics to bésgussed and potential questions to help the
discussionl facilitatedthe focus groupwith the presence and support 8 Moushumi Chaudhury

The discussions were audiaped and transcribed verbatim.

2.4Data analysis

Survey data wre both qualitative (operended questions regarding the priorities and challenges
relative to the improvement of the walking realm, and opemded focus group questions) and
quantitative (scoring of aspects of complexity relative to different dimensionseoptofessional
practices dealing with the walking environments). Two forms of data analysis were used: (1)
inductive and deductive content analy$§e9], for the inputs to operended survey questions and
focus group questions; and (2) desciiptstatistics and quantitative analysis of the associations

between the scores.

Content analysigs a flexible approach to exploring qualitative contf8]. The content analysis
examined individual responses to different questions as wfitaeaning[99]. Topics were examined
separately for different types of questions (perceived motivations and deterrents to walking,

perceived priorities, sources of data, data gaps, and challenges relative to implementing walkable

environments) For each type of question, the process followed the three steps described by Elo and

Kyngéas: open coding, creating categories, and abstraf@@jn
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Content analysis can be inductive or deductieductive content analysiszas used for testing a
previously established modf29], the draft Social Model of WalkabilifChapter 2) Responses

regarding incentives and deterrents were assoddi® pre-established categories and sub

categories, coveringq) the availability of destinations and the higHewel walking network;k) the
qualities of the walking environment;)(the broader transport system; and)(personal

characteristics and pferences. The categories are presented\ppendix7D. The coderelative to

the walking environmentJNB @A 2 dzaf & dzaSR G2 GSad (GKS GKS2NBGA
(Chapter 5)were re-applied here. Further, the frequency of mentions of environnaént

characteristics was compared between the professionals (primary data of this paper) and the users
previously interviewed290], using a chgquare testlnductive content analysisvas used to code

survey guestions relative to prioritieshallenges and data used, as well as the focus group
transcriptions. The technique was chosen due to the explorative nature of those questions, and
allowed categories to be extracted from the d§®®]. For the responses relative to the

characteristics of a walkable city, the priorities and the challenges, the open coding stage (annotating
text with draft categories) led to defining categories under four types, presentédhbiel?7. Each
response could be coded in several categories. For instance, a characteristic relative to pedestrian
connectedness due to intentional implementation of pedestrian priority was coded across all four
categories (environment: holistic design; perceptoaccessibility; practice: pedestrian priority

through design; policy: prioritisation of walking).

Tablel7: Types of categories for the content coding analysis of the characteristics of the "walkable city"

Type of category Explanation

Built environment and transpor Every time an environmental aspect is mentioned, e.g.
system footpaths or crossings

Perceptions Implicit or explicit mention of perceptions, e.g. "safe"
Practice Implicit or explicit mention of design or managemeetig.

Healthy Streets approach embedded in design

Policy Implicit or explicit mention of policy, e.g. reference to parki
management or speed management
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The ratings of the levels of complexity were analysed in a descriptive way, reporting means,

interquartile range (IQR), minimum, maximum, and number of ratings above 70, retained as an

I NDAGNI NBE GKAIKE (KNBaKz2t R NIDidAktORs wede2ghidddtédLJ2 Y R/
for the four dimensions of complexity, and a composite index was created and used to compare
responses from professionals associated to different disciplines. The composite index is the average,

by participant, of the rating provided. For each dimension, the number of ratings above 70 was

determined, and compared using etuare tests.

3 RESULTS

3.10verview of the survey responses

Twenty-eight practitioners responded (37% response rate). Half of the respondeniasselfated

with several disciplines, for instance, seven mentioned urban design, urban development, and
transport planning together. A clustering wasrformed,grouping together professionals working in
similar fields. The frequency of mentions of discipliard the suggested clustering are presented in
Tablel18 below.

Table18: Professional @sciplines selected by respondents amtlstering

Cluster N Selfselected disciplines N
ub_PH 8 Urban design 5
ILqJ(;ZTtlE ggfslir;gvnl\t/g apublic  yrpan design, Public health 2

Urban design, Public health, Urban development 1
Ub_TP 7 Urban design, Road safety, Transport planning, Urban developme4
glg)nir;n%eggn and transpe  yrpan design, Transport planning, Urban development 2

Transport planning, Public health, Urban development 1
TP_RS 8 Transport planning 3
Transport and safety Road safety 3

Road safety, Transport planning 2
PH_RS 4 Public health 3
Public health Road safety, Public health 1
NA 1 Urban design, Road safety, Transport planning, Public health, Urkl

development

28 Total 28

164



Chapter7: Study 4

Most participants selflefined agechnical specialists (19 mentions), but the cohort also included
nine decisioamakers and three researchers. Five participantsagtbciated with roles not listed
(e.g., advocacy). The following paragraphs examine the results relative to specifionsiestier

which the focus group inputs are reported.

3.2The understanding of walkability

The notion of walkability was examined through the attributes of a walkable city, the level of
understanding of the barriers to walking, and the evidence used régguithrriers and motivations

to walking, in Auckland. The results for each dimension are presented below.

3.2.The attributes of a walkable city

t I NIAOALIYGA 6SNB alSR (2 yIYS G4KNBS OKIF NI OGSt
relatedmostly to the built environment and the transport system but included also references to
implementation and experiential qualitieshree major topics were identifiedjuality street

environments; implementation of pedestrian amenity; and walking beingrpeived as a positive

experience by the users

WE qualitywasdescribed as a range of features detailed ablel19. The biggest cluster of responses

related to holistic environments. A few participants provided some detail about the environmental
characteristics of those holistic walkable environmentsexy & KdzYl'y a Ol f SR A Yy F NI ¢
I NOKAGSOUdzNE¢ = olLi&2iLX & alQdzd SxQ 2IN0 @EKAGKD ¢KS Yl
2dzi02YSa GKFG 0KSAS SY@ANRYyYSyGa RSEADOSNI 6So3 o
GFGOGNI OOUADSETIS A VRSB APFZB RLISIRSAGNA LY |G GKS (2L
Participants took a usezentric approach, stressing that the environment needs to be adapted to the
dzASNEQ ySSRa Fa | YAYAYdzyz &a2YS AYRAOI GAsyd (KL
0S LISNOSAGSR Fta AYQGAGAY3I 2N aRSEAIKOTFdzZE ¢ D | YA D!
a specific dimension of holistic design quality, participants stressing the need for streets to

consistently provide for all, regardless of their agel ability.
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Table19: Walkable cityq aspects relative to the built environment and the transport systementioned by
professionals

Dimension Category Mentions % participants
Street environment Holistic desigmuality 16 52 70% 57%
quality
Universal design 8 29%
Footpaths design 7 25%
Crossings and traffic conditions 6 21%
Traffic intensity 5 18%
Footpaths maintenance 2 7%
Presence of other people 2 7%
Signalised crossingsvaiting time 2 7%
Greenery 3 11%
Lighting (presence, quality) 1 4%
Destinations Distance to destinations 10 10 14% 36%
Walking network Pedestrian connectedness 5 6 8% 18%
Connectivity 1 4%
Broader transport  Efficiency of public transport 3 4 5% 11%
system
Parking management 1 4%
Pedestrian priority when crossing side streets 2 2 3% 7%
Total built environment and transport system 74 74 100%
Total general, including perceptions and delivery 84

Implementation of pedestrian amenityf33 mentions, 39%) related mostly &ohigher focus on

walking in the delivery of streets and spaces. Twenty of the responses (61%) spoke about design of
walking environments, fourteen focusing on the streets design, six mentioning land use (compact,
conrected to public transport). Features relative to the pedestrian amenity were either explicit (e.g.,

Gt NA2NAGe G AYGSNRSOGAZ2Yya F2NJ LIS2LX Sé¢ 2NJ aAy G
RStl&¢ RSEAGSNAYI al0KS (o6af2MRAVRE AIONKFS68EIHPK S
YR O2yySOGAGAGET aLIl OS G2 o6Fft1¢ 2NJ G5SaA3aySR |
K A S NJ Niferofthe cotmments specified that best practice should be embedded in the design
procesgfed ®> a! O2YYAUYSyd (G2 | KSFfGdKe adNBSda | LI
GKNRdzAK2dzi LI FyyAy3ad LRfAOE YR dNbly RS&AIYy Kii
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The perceptual quality of walking as a positive experier{@ mentions, 26%Elated to comments

describing the kind of feelings that a walkable city would foster. The comments referred to

dimensions of safety (nine mentions), pleasant walking experience (eight) and accessibility (five).

Safety was not always plicitly related to traffic and/or stranger danger, some participants noting

2dza i GalFSéd ¢NITFTFAO 61 & K2SOSNI SELX AOAGE & YS,
RSAONAOSR GKNRdzZAK OKIF NI OGS NXthiliga t0& 2 B ddOK= | &K K&y 3 & |
2NJ a55SaA3IySR y20 2daAad G2 YIS s+t 1Ay3a |00

0§ KNRdzAK GKS ARSIa 2F FoAtAGe G2 Sraiateé ON
specified that accessitillie Ay @2f @SR 'y SyYy@ANRBYYSyd GKFdG Aa daA
FNASYRf@é>X odzii 20SNIff> (GKS FYa6SNAR RAR y2{ LINI

aaAo

af

f‘U (p))
Qx
Qx

of environmental features, design, or traffic. In most comments, it was no¢ssarily clear if the
LI NGAOALI yiG 6F& &LISEF{AYy3a 2F GKSANI 26y SELISNASY(
G2 ONR&a&a GKS aUNBSUO OXB8£0® ¢KNBS Ayllzia NBfF OGS

(wellFmaintained footpaths, saferossings and walkways separate from traffic) and eighteen did not.

The clusters of professional disciplines were compared regarding the frequencies of mentions of
quality of street environments, broader transport system, and perceptions of safety, #uitibser
pleasant walking experience. The differences of frequencies were not significant at Chi2 p<0.10, and
the only difference being in the range QL2 related to the frequencies of mention of quality (lower

for public health and road safety speésss, higher for urban designers).

3.2.2Jnderstanding of barriers and motivations to walking

The professionals were askddow well do we understand what might cause people not to choose to
walk/wheel, or to struggle by doing sdhe views were diverse0lrespondents considered that the
barriers are well/extremely well understood, while 18 thought that they were not well understood.
The answers were also mixed when examining the professional clusters, with some interesting
differences: a majority of puldihealth professionals (3/4) considered that barriers and motivations
were very well understood, while this was the case for a minority of transport planners and urban

designers (2/8 and 5/15, respectively). The differences of frequencies were not aignifig < 0.1.
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3.2.Fvidence used

The practitioners were asked: If you had to present evidence about motivations or barriers to
walking, for Aucklanders, what source(s) of data would you use? Twendf the 28 participants
responded to this questiorproviding 63 inputs (2.4 per participant who answered). Most of the

inputs (51, 81%) provided some detail about what type of evidence they would use. Overall, the

Yy23GSR a2dNDSa 6SNB l[dAGS RAALI NI GSY y2 @2yasdys

variety of types of documents was noted.

Eleven patrticipants noted using specific documents or data sets and the participants collectively
mentioned 13 documents: three international publications and ten local documents or data sets
(WalkScoreTM scoragas considered as local data, in this study). Four docuntettsvo mentions
each(National Censu91]and Disability Survey7], the Healthy Streets guidelij@5] and

2 | £ 1 { Qr8)Bwhilethe other documents were mentioned only once.

Empiric evidence was predominantly noted (23 mentions to qualitative insights and 16 to

guantitative findings), but the participants alsoted a variety of other sources such as guidelines,
expert advice, or even own experience. Three participants spoke about the difficulty to source

F LILINBLINAF GS SOARSYOS o0So3ds aL 62dAf R LINROGI of &
motivations or bariers to walking or | wouldn't know where to turn to firsb. XI'@ probably turn to
AYOGSNYFGA2yFE NBaSFENOK FyR GNB G2 FLLXe AdG G2

Differences were noted between the professional clusteemsport and safety professionalaere
more likely to indicate quantitative evidence and statistics (11 mentions, p<0.05), arlikégso
refer toresearch documents (1 mention, p<0.08fban designergontributed most of the mentions
to guidelines (5 out of 6, 83%) while transport planrdicsnot report using guidelineslrban
designers with a transport planning perspectiwveere more likely to cite research documents (6
mentions, p=0.05). There were however no significant differences in the frequencies of use of

gualitative data, expert adee or audits (p>0.1).
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3.3Incentives and deterrents to walking

Responses suggested five main types of incentives and deterrents to walking:

1 The quality of theWE(major potential deterrent and a potential incentive);
2 The broader transport systenfincenive to walking and to a lesser extent as deterrent);
3 The availability of destinationd LJ22 6 Sy G Al £ Ay OSyGdA @S 2NJ RSGSNN
environments (potential deterrent);
4 Health and fitnesgasincentives).
The frequencies of mentions are presented’abk 20 and detail (including subcategories and

professional disciplines of respondents) is reportedpendix7E.

Tabk 20: Incentives and deterrents to walkingprofessionals' inputs coded against dimensions and ordered
by highest percentage of mentions, either as incentive or as deterrent

Incentives Deterrents
Dimension N % mentions N  %mentions
Street environment quality 15 24% 23 44%
Broader transport system 17 27% 7 13%
Destinations 15 24% 15 29%
Perceptions 8 13% 14 27%
Internal motivations/deterrents 17 27% 2 4%
External motivations/deterrents 4 6% 12 23%
Walking network 1 2% 2 4%
Other 0 0% 0 0%
Total mentions 62 100% 52 100%

Public health experts spoke only of deterrents relative to the street environment, objective or
perceived, while other disciplines mentioned other aspects, sueteasher. Health and fithess were
mentioned 16 times as incentives for walking, 14 of which from practitioners who associated with
urban design and/or transport planning. The topic was not noted as a deterrent and was mostly

noted without further indicatios. The other topics referred to a range of aspects, examined below.
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The quality of theWEwas noted as incentive or deterrent and was the biggest cluster of mentions.
When examining the aspects cited within the broader umbrella of quality, the answersdiverse.
Holistic design was noted both as a possible incentive and deterrent (eight and ten mentions,

respectively).

A Quality whennotedasanincentvE2 8 Gf & NBf I GSR (G2 K2fA&a4GA0 R:
2NJ abAOS Sy @ANRYYS ysiwaré noted ehch By Smelpadticipahtlonyd S NA a
(footpaths design, presence of other people, greenery, shelter, traffic intensity or priority at
crossings).

A Quality when noted as a deterrentelated to trafficand the associated noise and pollution
or traffic-oriented infrastructurele.g.d K2 a G A £ S NP [, dReroSsih@facNiRsfheéis v (i €

availability, layout, waiting time dhe interactions with traffic).

Some polarisation was observed across professional clusters: those associating with urban
designktrategy and/or transport planning contributed the bulk of the mention$\t& quality(11
out of 14 asincentives; and 19ut of 23 asdeterrent),while thetransport planners were the only

ones who spoke of the crossings (7 mentions as deterrents).

The broader transport systerwas a label applied to answers comparing walking to other modes or
speaking of walking as the companion mode of public transpoofeBsionals considered that

walking was chosen when more convenient, faster, cheaper, or more sustainable than other modes

or convenient when combined with public transport. The transport system was also noted as a

potential deterrent, mainly in relatoret G KS Sl &S 2F RNAGAYy3I 0SPIDPI G«
Oy RNAGDSES 2NJ G5NRAGAYI Aa (22 SlLadéovd ¢KS RATF:S

similar rates (p>0.1).

The availability of destinationss & S A G KSNJ SE L) # @GasimeaniSghkéydhingséo! YA E
ght1 G2 INB Ay gl f{Ay3d RAAGIYOSeés as5AaitlyO0S G2
LI NHAOALIF yia YSYUuAz2yAy3d F2NI AyaidlyOS aRAA&GEyYyOS:
There were no significant défences in the frequencies of mentions of destinations across

professional groups (p>0.1).
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Peopled perceptions of their environmentsioted as incentives related to pleasantness, comfort

and safety. While some responses were loosely associated to th@eywf Sy i 6 S®I dZ & ¢ NI
FNRY Y202N) OSKAOf Sa¢0x GKS NBalLkRyaSa RAR y2aG LI
aspects that couléhcentivise or deter from walkindPerceptions noted as deterrents related mostly

to a lack of safety (18ut of 15 mentions, 80%). Public health professionals spoke of perceived safety

more often than other disciplines (p<0.05).

The frequencies of mentions to broadvironmental dimensions (transport system, availability of
destinations, quality o¥VEand walking navork) were examined and compared withose

previously collected fromisers (Chapter 5).08e significant differences were found. The

professionals were less likely to mention the broader transport system as incent@@%pbut

more likely to mentiontias a deterrent (p < 0.01). Professionals were also more likely to indicate the
availability of destinations as an incentive (p < 0.1) but less likely to mention the walking network
(connectivity, topography) as a deterrent (p < 0.1). The fregiestod mentions ofWEquality as

incentives or deterrents were not significantly differdram those given by the userat p < 0.1. The
comparison is displayed appendix79 @ ¢ KS LINRPFSaaAiz2ylftaQ @asSéa 2y
walkingbeingboth dispesed andsomewhat misaligned with K S dza S M @pic@asSustiier

discussedn the focus grouprésults reportedbelow).

3.4Priorities

Each participant indicated their main priorities relative to improving accessibility on foot/by
wheelchair (threeyear and teryear horizons). Three main topics were identified from the 56
responses: th&VE quality design and delivery, and the systemi¢ura of the walking realm. An

overview of the topics is presented below, and detail findings are in supplementary file E.

The quality of theWEwas noted 42 times (75% of the mentions), without significant differences in
frequencies across professional gps (p>0.1). The participants most often associaégquality

GAGK + K2tA&AGAO OAAA2Y 2F RSaA3yY StS50Sy aLr1ls
walking infrastructure, wider streets, sep[a]ration from traffic, improved crossings. Wadkgigen
ANBFGSNI LINAR2NRGEEOS HKAES FAOS ALISOATFTASR GKEG i
users regardless their age or ability. Nine of the 42 mentions (21%) related specifically to traffic,
participants noting the importance of steés with low traffic, low speeds, or no traffic at all. The idea

of quality was mostly associated to design and delivery (36 of the mentions, 86%), however some

LI NHAOALNl yiGa Ffaz YSYyGdAz2ySR (GKS AYLERNII yledS 27F |
a2 GKIG LSRSAGNAIYE KIS 3ASydzAyS LINA2NRGE Ay |
(requiring accessibility considerations early on, in projects development) and data (one participant
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noting the need to access current levels ofexsibility). Professionals who associated with both
urban design and transport planning spoke less often in proportion of the quality of the walking
environment than the other groups (p<0.01). The priorities mentioned by group covered a wide

range of aspds, such as maintenance, better planning, or policy.

Design and deliverg SNB y20GSR nn GAYS& oT1y:: 2F Fff GKS YS
Gdzy A OSNAEIFf ORSaA3Ay6 | LIINRIFOK YIFYyRFEG2NE F2N ySg
cheap] opportunites g KSNBX avYltf Y2@Sa 02dzZ R FRR dzLJ G2 | 0o
crossings, or low traffic neighbourhoods). Four mentions (10%) did not relate directly to the quality

of the walking environment but mentioned urban densfthree references) agood qualitypublic

transport (one reference). Again, this topic was less mentioned by those who associated with both

urban design and transport planning (p<0.05).

The systemic nature of the walking realmas sometimes noted directly, referring to holistic
pedestrianfriendly environments and their multiple facets (11 mentions, 20%) ninly suggested

by the diversity of types of actions noted: the priorities noted by the professionals included design
and delivery (new build, retrofit, or both), policy and regulation, maintenance, data collection,
education, and planning. The responsedudeddiverse features of the walking environmenés

range ofbuilt featuresbut also traffic, urban density, actittan, pedestrian network connectedness
and public transport service. Among the clusters of professional disciplines, those participants who
associated with both urban design and transport planning seemed to have the broadest view in

terms of systenrelated priorities.

172



Chapter7: Study 4

3.5Challenges

¢KS LINPFSaaAazytrfa gSNBE Fa{SR (G2 ylIYS aGKS aAay3f
AUNBSG SYOANRBYYSyGaédd ¢KNBS YIFIAYy G2LAO0A 6SNBE Al
mentions, 54%); an inherited cdominated environment (14nentions, 40%); and the inability to

implement change (11 mentions, 39%). Eleven resporedesred totwo or three topics each.

The lack of priority given to walkingvas described as both technical and politica illustratedn

the following quote:

Aside from budget, | think there is an underly@mdricamindset amongst designers and policy
makers which reflects on the streetscape. |
intersection designdevieservice are centred around vehicle delay and travel time. Even though
pedestrians use the same intersection, t hei

¢CKS LI NIAOALIY(GaQ SYLKFIaAa 2y GKAmorewHIGNMeS | & oS

environments prompted to further discuss it in the focus group (below).

The mentions to cadominated environmentssuggested a need for f&llocating space and/or
priority, or were simply stated as the challenge, implying the extent of therited inadequate

infrastructure. One participant described the issues as

[ U] roadside parking, |l ong crossing times a
roads, roads maintained whilst footpaths are not etc.

The caroriented environment was implicitly associated to a lower pedestrian amenity and often
mentioned together with the challenge of delivering change and retrofitting the urban environment.
hyS LI NIOAOALIYG y2GSR GKIFG G§KS O tthet uses yeshSspage

a af
TNEY GNI FFAOKLI NJAYI t1FyS8as GAYSKkRStFe i ONRA:
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The inability to deliver chang&vas associated to design and delivery, policy, and a combination of
both. The challenge regarding design and delivery related to understanding @sery SSRa s> KI @A
appropriate tools and knowledge, bureaucracy, and inadequate everyday practices, as illustrated by

the quote below:

Traffic modelling (belief in). There are many people in senior roles New Zealand who believe that
traffic model,ith all its simplifications, assumptions and parameters, must be 'solved' for streets to
successful. Erroneous assumptions (e.g. that traffic is "a liquid that always flows somewhere") are
people who should know better. This attitudexcidaesitisentred design, rarely leads to

improvements in street environments. Actually, it never leads to improvements in street environme

References to policynentioned investment allocation, political courage and ineriay;

Political/socialertia which continues the dominaneariehted thinking above all else. Reluctance to
implement any real change for fear of inconveniencing/upsetting drivers (voting public). Design an
planning for walking is not technically difficult, but itimgeéhagpears to be almost beyond us.

hyS LINLHAOALIY(G y2GSR GKIFIG GaUGKAA Aa | aeadsSy Of
system was very present through this section, either explicitly as before, or through the references to

the way thecity has been designed, the professional practice, the policies and the governance. All

the dimensions noted need to change, and this change either involves large scale retrofit, or a

reconsideration of everyday practices.

The three topics have been mentied by participants of all four professional groups, without
differences significant at §0.1. It is however interesting to note that urban designers contributed

nine of the 14 mentions to catominated environments (64%).
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3.6Assessment die delivery bwalkingenvironmentsas a complex
societechnical system

The participants were asked to indicate their level of agreement with four statemelatsveto the
complexity ofthe delivery ofWE The ratings for the four aspects had median vahigher than

60/100, the dynamic interactions and diversity of elemdoging highes{91; seeTable21).

Table21: Levels of agreement with the four dimensions of complexity characterising the planning and
delivery of walking environment

Level of agreement with the diransion of complexity (0 to 100, n=28)
Dimension of

complexity median IQR min max % scores >=70
Dynamic interactions 82.5 29.3 39 100 79%
Diversity 91.0 32.3 50 100 75%
Variability 71.0 41.5 30 100 61%
Resilience 60.5 34.0 19 100 39%
Total 73.8 25.3 50 99 63%

The aggregate rating of complexity (average of the ratings provided for the four dimensions

considered) was mosionsistent amongst public health specialists and urban designers with a public

health perspective (IQR 13 for both). Acrosgiparants, 63% of all ratings werg0/100. This ratio

waslower for public health specialists (31%, p<0.01) and higher for transport planners (78%, p<0.1).

The distributions are presented Figurel4 below, and the complete results are presented in
Appendix7E.

Aggregate rating of complexity, by discipline clusters
From survey responses; n= 28

100- i

==

ra
o

Aggregate rating of complexity (0-100%)

PH_RS TP_RS UD_PH UD_TP MA
Discipline*
*yi_: noted by all members; _yy: additional discipline indicated by some; PH: public health; RS: road safety; TP: transport planning; UD: urban design and/or strategy

Figurel4: Rating of complexity: distribution of the average ratingy dimension andprofessional disgline
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3.7Focus group inputs

The focus group took place on 17.11.2020, from 5 to 6 pm. The participants included four
professionals (one of each discipline, by order of expressions of interest; none of the public health
experts who had participated to the survey volunteered also lierfocus group, therefore the

discipline was not represented) and o8& One of the professionals had not been able to participate

in the focus group due to an emergency having occurred immediately prior. They were however keen
to be involved in the proaes and this was achieved through a separate-taece interview. At this

extra meeting, the professional gave their thoughts on the two topics and reacteny t@port of
20KSNJ LI NIAOALI yiaQ GASsad

The two sessions examined two prioritised toptbgt I 01 2F O2y aSyadz NBII NR/
experiences and needsand the reasons why this lack of consensus does not appear as a challenge to
implementation; andhe lack of prioritisation for walking in the policy and the practicdiscussing

the reasons for iand the apparent disconnect with the vision for Auckland as a liveable, accessible

and carbonneutral city[76, 292]

I 02y dSyd Fylteara 2F (GKS F20dza I\NPtheld® fopids y LIdzd &
and their relationships, illustrated frigurel5. Links between the two topics were identified, in the

form of a vicious circle: the lack of pritgation of walking can explain why walking levels and

experience are neither monitored nor used as indicators in decisiaking; as user experience (UX)

is not an indicator of success nor a decisioaking input, it is not routinely considered in desard

LI FYyYAY3IT GNIYyAaLRNI LXFYyYyAy3 SAGKSNI R2SayQid 02
LISRSAGNAIya (2 tAddtsS OFNARéES GKNRIAK Y2RSta f
the experience; there is therefore no overview of the diffties faced by those who walk,

participation (ability of diverse people to access their destinations on foot, and therefore presence of
people of all ages and abilities in the streets) or suppressed walking trips; this lack of overview can
explain the lak of consensus regarding UX, but also perpetuate a system where walking is not given

much political priority.

The lack of UX, both in decisiomaking and project development, was a recurrent idea and also a
key aspect of the noted vicious cycle. The jggvants provided rich insights relative to its reasons

and consequences, explored below.
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Legend

Consultation

is somewhat
tokenistic, users’
inputs are not a
design starting
point, and there is
arisk that “those
who shout the
loudest” are heard.
Pedestrians tend
to be used to the
status quo and are
rarely loud.

No
statutory
requirements regarding
delivering quality walking

environments or conections

XXX Examined topics

User
experience (UX) is
not a decision-making
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User
experience

is not
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User
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projects often
do not report

on impovements
relative to baseline

User
experience is

not quantified
or monetised
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and traffic-like
models; they are not
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options might alter
users’ experience

There is no
overview of barriers
to access, trips not made,

reasons and consequences
(public health, lack
of participation,
social costs,
etc.)

There

is a lack of
consensus and data regarding
users’ experiences (UX)

Figurel5: Topics identified from the focus group and relationships

The lack of UX was often associated by the participants to a teafidh Sy ( S Rasdza dzi & ¥ S 4 &

practice. Two key ideas were discussed. Firstly, participants m@tit-oriented decisioamaking

metrics, stressing that if some projects examine U)§ itdt a metric required for decisiemaking.

177

The decisimnaking that we mostly deal with is about numbers and volumes and speeds and time, :
safety risk. Nowhere in there is experience captured and so Hyaukdegisipn met r i ¢ s e
ex|l uded from the process. [ U] we paaweard eal i n
counting them, looking at direction of travel maybe, A was talking about mass and force, regardin
collisions and then you have visibility issueaand kimdj of engineering solution of a potential risk

between a pedestrian and a car, and it was very muchina@ & twsamd s ol ut i on. [
asked tdid you include diverse gr oalesefitof pe
cost ratioT, in théwenwill Oho iittTs &@o galold tvl

having more people included are fantastic
just get excluded. Aexperience that every day, so + Bnonahsport planner

I f you cut AT [Auckland Tr apQ wlandedigneopen it X
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Professionals also described commonly used monetary indicators (bensfitatio) that are les
appropriate for assessing projects related to walkability or liveability because dimensions such as
inclusion, accessibility or severance are difficult to monetise and routinely not monetised. One
participant spoke with conviction about the needed mosation of those benefits (quote above).
Another, however, noted that the monetisation is both difficult and potentially unnecessary, arguing
that if decisioamaking metrics included participation or accessibility, those aspects could be

considered withouthe need of transforming them into dollar values.

Participants noted dack of focus on walkability, liveability and carbon emissions at the governance
level of local authorities. One of the participants explained this lack of focus by a certain lack of

amvk NBySaa 2F GKS YSYOSNHE 2F GNI yALRNI Fdzi K2NRGA

No one there knows much about transport. They know lots abfuhgpeminegers, or

accountants. | mean, the main thing with governance is that you are doing everythimdpyou are me:
legally and that you are financially competent. So you need good accountants and good lawyers fi
meansthatdecismak i ng doesnXt have anything to do w
Which leads to a real reversionto consergatisd pat h dependency and vy
tankepy ou sti ck with what you know and itXs ve
twelve Board members you had someone from Living Streets, someoneyedrcchasanad a 20
transport analysis, a land use planner, gngasoveould have very different questions, and very

different outconfe®, urban designer

Given that UX is not required for project evaluation, the experience is not routinely monitored and
planning aes not consider how it might be altered. When walking is assessedifimodels are
used. In those models, pedestrians are not more than moving units, and results assess a form of

hydraulic feasibility of footpaths, as explained by one participant:

| think that our processes are very much set up in an engineering sense to deal with metal boxes:
around, and that people are treated as a small metal box. So there is nothing about experience ar
they might feel, and what might make thermotwedk, or feel more comfortable vpad&imeg of

that is there. ItXs simply how many were th

maybe is it sape®, transport planner
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The participants abundantly spoke about the issues ahbrgeboth the absence of a shared view of
dzASNEQ ySSRa FyR GKS f1 01 2F LINA2NRGAAFGA2Y D ¢

trips are not walked and to capture the diverse needs:

I think also that wh e wthevlreak itadbwk. Wee heeditd gather hoee u
informatiopwh et her itXs just talking to peopl e wi
and bring it all together. People find urban spaces hostile for diffe@ninmasdesel@nn

strategy expert

The issue of the lack of prioritisation was both related to its influence on practice but also to the idea

that a systemic change was needed:

| think that you need a statutory changeplbebagse poi nt i s, @§tomabecaaseEt d
requires too much effort. It needs to be something fundamental. | think that a legal requirement to
every opportunity to enhance pedestrian amenity would be fiupdarbentdésign specialist

4 DISCUSSION

This study engaged wit28 professionals involved in the design of street environments and public

health, in Aucklanadr at the national levelThrough an anonymous online survey, professionals

provided insights regarding what matters (what is a walkable city, what incitestersdfrom

gt 1Ay3Z IyR K2g ¢Sttt ¢S dzyRSNRAGIFIYR dzaSNARQ ySSi
priorities and challenges). They also indicated their level of agreement with four statements framing

the delivery ofWEas a complex socitechnical system.

Answers about incentives and deterrents were analysed through deductive content af@®jsiad

associated with topics drawn from thiraft Social Model of WalkabilifChapter 2) As a reminder,

0 KS Y hRuSwet2dhewalking environment and the transport system. The inputs were linked

G2 61 t1Ay3 0SKIFEGA2dzNI GKNRdzZAK GKS Y2RSN}I GAy3a S§F-
(hierarchy of walking needs) and their personal characterigGitspter 2) The open answers

regarding what makes a walkable city, priorities, challenges, and evidence available were coded using
inductive content analysi®9], the codes being developdm the data. A focus group further

FAYSR G2 Of NAFeé K Sce(UR)lisha& gyteedapod andztieSedgons foSthel JS NJ ¢

observed lack of priority given to walking.

The findings are discussed below. Firstgamine the findings to each research question separately.
Second] discuss the case of dimensions of the walkingremvwnent and transport system for which

inconsistencies in feedback were noted across the questions.
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41Question 1: How is Xwal kability

t I NI A OA LI yrégarding Ndwa Lidg gbddSsepport walking were overall consistent with the
draft Social Model of Walkabilitylhe participants predominantly noted the importance of holistic
quality of street environment® dzi | £ 42 LIS2 LX SQa halholddjSylabiemalkingy FSS

experiences, and perceiving the environment as accessible.

¢CKA&d SYLXKIFIaAa 2y ljdz2dftAGe FyR LIS2LX SQ&a LISNOSLI A ;
engineers have historically had a more functional approach to walking, modeddestrian flows as

GKSe@ Y2RSt @S K2RDRoSstncegDOEDEY iyt eaSR Ay RSLIIK
walkability across professional disciplines, finding some consemnsusdfunctional aspects and

safety, but a lack of agreement relative to aesthetics and conf@®3]® CdzNII KSNE 5 Q! ND& ¢
fa2 AYRAOIFIGSR Sy3AySSNEQ [20F ih S with the Hiskicaldrentl dzS T dz
noted by Ld22]. In the focus group, the participants had spoken of habitual transport planning
LINEOSaasSa GNBFGAY3I LISRSAUGNRAI ya efastihd padi€ipanisi £ S OF |
@t dzSR GKS ljdztr t Ade 2F gl f1Ay3a NBFfYa | yR LIS2 L3} !
method, throughy @ Yy S 62 NJ & | V:Biveirthat |dodasiSWwalkebibty2aNdarka

history of collaborations with urbadesigners and landscape architeétss possible thathe

professionals recruited represent a more progressive fringe of transport planning. Another possible
explanation could be that the transport planning field has progressed towards a more humanist

approach.

The three types of perceptions notdslafety, accessibility, pleasurale part of the hierarchy of

pedestrian needs, a key moderator between the environment and the walking behaviour, in the
Y2RSf® ¢KS LINPFSAaA2YI| fehpditeddioBel Etereéstinglyd tife dimkrSiohs T 2 NJ
of feasibility, or: having destinations in a reachable distance, was not directly noted, despite being

GKS O2NB O2YLRYSYyld 2F Yz2al O02YY2yf e[L18a SR 61t | ¢
Implicitly, professionalsaw walkability from the angle of the walkiegperiencerather than the

mere physical possibility of reaching destinations. The broader transport system, including the

provision for transport alternatives, was mentioned, although much less than thegatWéE This

aspect is examined belov@yerview: walking environment and transport system across dimernjsions
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Interestingly, the responses to the question how well Heeriers to walking are understood were

GSNE RAGSNESI NIy3aAy3d FTNRBY ayz2ad ¢Sttt a4 Ftfé 3
been identified in the literature (e.§21, 22, 62}, it can be surprising that a good understanding

would be noted for Auckland, especially in the atxse of shared evidence regarding the barriers

(nature, location) and the numbers of people affected by them. A previous survey of 238 New

Zealand transport planners had shown that a small percentage (6.7%) thought that good data was

available about pedestans[13].

The patrticipants quoted a variety of sources of evidence, when asked what would help them make a
OFrasS T2NJ oF NNASNBR SELISNASYOSR o6& ! dzO1tlyRSNAD «
information, and no document was cited more than two times.h&&ing of evidence appeared to be

mostly ad hoc. When mentioning specific data sources, two thirds of the mentions referred to data
20KSN) GKIYy dzaSNEQ AyaArAakKiaa oF2NI AyadlyOoS adNBSi
couldberelatedtd YRNB & Q @ASs GKIFG YdzOK A 363)F aadzYSRX N

&

No participantmentioned thel.JS 2 Libsi§HRsZon walking commissioned annually by Auckland
Transporf83]> | f 1 K2dzZAK &2YS NBalLRyRSyita y20SR a! dzO{ t |
detail. This ongoing research, now replicated at the national level, questions users about walking
(agreement/disagreem¢g i ¢ A GK aidl GSYSyida adzOK Fa aL R2y Qi 1
NBLR2NIa LINBaSyd FRdzZ G ! dz01fFIyRSNAQ @ASga 2F (K¢
walking) but with two major caveats: these data are collected only from people wHardawot

having difficulties walking, and the perceived barriers are not further related to objective

environmental characteristics. These gaps might contribute to a lower usability, especially from the

part of professionals focusing on infrastructure atsdfeatures. Tany knowledge, Auckland does

not have a form of inventory of barriers to walking, that could be a start for a prioritised action plan.

Data gaps had also recently been notedi studyS EI YAYAYy 3 LINRPFSaaAz2ylfaQ o
integrating public health evidence in spatial planning, in thd20K The 162 respondents were

asked to rate their agreement with potentiahalenges A majority agreed with a lack of local

evidence ready to be translated into practice (91% agreement) and lack of monitoring and evaluation

of the planning decisions (81980]. Surprisingly, the absence of data was noted as a major

challenge to retrofitin the present study, althoughis aspect was largely discussed in the focus

group and linked to a lack of interest in pedestreaqperiences. Both aspects suggest the need for

data that could be used as practical and pragmatic decisigport. Differences noted between

professional disciplines indicate a need for building a common understanding of urban complexity

and its criticalinks, for instance transpor public health, or land use urban desigrg travel

patterns. This need has been stressed by previous research[{4.¢90, 91J.
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4.2Question 2: How are facilitators of and barriers to walking
described?

The disparity of the responseand the inputs from the focus group revealed an important gap in the

dzy RSNEGFYRAY3 2F dzaSNBEQ SELISNARSYyOS&a FyR | {iNKOGC
This finding aligns with previous results gathered in New Zealand: Burdett hadiétkthat only a

aYFftt YAYy2NRGE 2F GNIYaLRNI LI FYyySNAR @Q3yaiRSNA
while Park and colleagues found differences between barriers to access to transit as perceived by
professionals (transport planners, urban designers, and poligkers) and usef279]. The finding is

however at odds with a piece of work commissioned by the New Zealand Transport Agency, stating
GKFG a¢KS 2 @SNI tofwallknyAnd §dlidg are weR understadditeNdEmain

Oz2yaidl yi [200 3heJcdminigstHded research captdigeneral perceptions of walkability

(e.g., safety or convenience), not examining however what features aMBmight influence them

and howthese associationsight vary across demographicoups.

Under the New Zealand Transport Outcomes Framework, having inclusive access as ongof its fi
pillars[295], the Minisi NB 2 F ¢ N} yaLR2NI Aa fSFRAY3I Yy AYAGAL
of transport and experienced barrief296]. The existence of this initiative seems to support the

YSSR (2 0SGGSNI dzyRSNREGE YR LIS2 L) S Qitonme@NOSLII A 2y a
However, the way this topiwasaddressed indicates a rather shallow approach, not addressing the

causes of difficulties and ways they might vary across pgoplenot relating perceptions to

objective features of the WE and not considerihg diversity of disabled people)

The barriers and incentives stated by the professionals were based on disparate elements of

evidence but also often on personal experience and assumptions. This observation seems to support
the idea of a lack of qualityatia onLJS 2 Léixgei@aces, shared across professional disciplines. The

LI NOHAOALNl yiaQ SYLKIFA&AAE 2y O2yOSYASYOSk!| @F At 0Af
declared barriers to walking from the Auckland Transport active modes s[@8k\nterestingly, the

ease of driving did not come up as a major deterrent to walking, in coictiad with evidence

suggesting the importance of both ease of driving and public transport services respectively as

barriers to or facilitators of walking.92, 297, 298]This point i€xamined belowQ@verview: walking

environment and transport system across dimensjons
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Future research should examine whafEcharacteristics are associatedtdS 2 L ferSeQtins,

namely those relative to the experienced difficulties, targeting in priority populations most likely to

be excluded. An example of such an approach is given by Transport for London: at risk users group
are defined ihcludingdisabled peopl®r people with a low incom the barriers they face are

analysed in detail, and an effort is made to address those barriers and incorporate inclusive design in
all processef278]. While Transport for London stresses that understanding and addressing barriers

is "integral to succes$278], it was found here that the improvement biS 2 Lax@&@rice is not
considered as an indicator of succeissAucklandand is not part of decisiemaking metrics. A

change is required at policy level: projects should be assessed not only on adoestfitale but

also in terms of their contributions to thasions regarding ease of walking or modal st

recommendation already made globajiy4, 91]or for instance specifically for the J80].

4.4Question 3: How is pedestrian accessibility implemented?

For the professionals, the priority relative to improvements to pedestrianssibiity related mostly

to the quality of street environments, which participants associated to both traffic (especially
reduction of vehicle flows and/or speeds and safer crossings) and physical infrastructure providing
for all ages and abilities (designd maintenance). Availability of destinations and improved public
transport were mentioned only by a small minority of responses (3/56 and 1/56, respectively). In a
sprawling, low density city like Aucklaf#t1], it could be quite surprising not to see a greater role

given to intensification.

The challenges relative to improving street environments related to retrofitting a whole inherited
caroriented infrastructure, but also to transport planning practice geared towards delivering more

2F (GKS alYS® hyS LI NIAOOKIY S SYyASSRIKENS GaKY2R 1
and the focus group stressed the lack of political priority, further linked to inadequate data and
processes. Governance of transport agencies was described as broadly lacking awareness of the

issues and potentia associated to walkability, liveability or public health. This aspect is a major
OKIFftSy3aS Ay RStEAGSNAY3I FdzidaNBE GAarzya FyR |fA:
Yy20SR I RA&A0O2yy SOl o0SG¢SSy a&i Ndfulsdalives appropyae A y F NJ
YR NBt SOFyd Ay TFNF &l NHzO ([29855echuialidif@ericsin @iditesldad K S f
Ffaz2 0SSy y2GSR S@Sy o6& bSgs wSItlyRQa LYTFTNI aidN

array of negative outcomes they can hdge].
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Participants stressed that the improvement of quality of the walking environments or improvements

2T dZASNBEQ SELISNASYyOSa 6! -0 INB y2i OFLIdNBR Ay
investmentdecisions. The lack of UX in the evidence available and the processes reflects recent
findings from the UKL8, 90] Middleton and colleagues posited th&tE | YA YAy 3 4 £ {1 SNB Q
O2dzf R S@Sy aSSY dzyySOSaal N@mmisgighddvesearchiakstindes & Y dzO K
walking is a homogeneous and largely -sefident means of getting from one place to another. As

such, the very practice of walkiigpositioned as a functional, easily understandable mode of

G0N} yaLR2 NI LIS2LX S wedzald R2Q FyR (2 GKA&A SyR (KS
is essentialised as a s&f@g A RS y (i [18].OliisNadkiofiiietedn UXappears at odds with the
widespread use of this approach in other sectors, such as product development: a quick search for
GdzEé¢ @AStR& FtY2ald ppn YAttA2Yy Sy{d3Nedee FNRY D2
quarters of them publisheth 2017 and later. In a paper from 2006, cited by over 1,300 publications,
Hassenzahl and Traktinsky noted that the term had become a buzzword in the area ofhuman

computer interaction design and offered a proposal for future resef36i].

Improvement of theWEwould require a strategic shift, including a progressive retrofit of current
environments, with appropriatéudgets and focus; the requirement to deliver benefits regarding
I 00Saax AyOftdaAA2y S LI NGAOALI GA2YE FyR OtAYFGS ¢
experience), behaviours, and the infrastructure; and expertise at the governance leaed$®f the

national and local transport agencies).

4.5Question 4: How do professionals perceive the complexity of
delivering walkable environments?

The rapid assessment of four dimensions of complexity suggests that professionals consider the

delivery d walkable environments as a complex seohnical system (CSTS): an evolving, multi
dimensionalentityi280]d ! / [ Q& [y OS{d /2YYA&daAzy KIR 3INRdzy RS
healthier cities in the notion of complexifg02]. The potentials of CSTS had previously been outlined:

Adelt and colleagues outlined for instance the appropnegss of the approach to governance and

took the urban transport system as a practical example for implement§#8h]. The team also

noted being surprisety the lack of discussion on how to apply system approaches to governance, in

an era where multitude of complex systems need to be influenced-direzted[281]. Importantly,

complexity implies that incremental improvements need to be tested and monitored, within an

iterative learning procesi802].
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An example of application of soeiechnical systems approach was shown by Hoffmann and

2ttt SF3dzSax SEFYAYAYy3d K2¢ SEAAGAY3I 9dzNBLISIY al d
sustainable mobility303]. They outlined structural issues relative to the large number of actors and
dimensions (e.gbehaviours, technology, infrastructure, funding, regulation), their interactions, as

well as established social norms and models, andestgd that a shift to a sustainable mobility

cannot be achieved simply through the offer of new alternatj3&3]. The systemic challenges

relative to delivering more walkable environments encourage further research aiming to identify

levers of intervention.

Our results suggest however different perceptions of complexity across disciplines: tighglexity

for transport planners (based on ratings) and urban designers (based on the higher variety of aspects
mentioned by this group as potential deterrents to walking) and lower complexity for public health
specialists. This finding could be duelte differences in understanding of walkability noted above.
Authors have also noted past tendencies to segmented approaches, failing to fully acknowledge and
address the repercussions they might have on other se¢@drs285] Our findings support previous

calls for a grater awareness of sectorial interdependencies, at the policy and implementation
levels[11, 90, 302]
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4.60verview: walking environment and transport system across

dimensions

The quality ofWEwas generally agreed upon as key characteristic of a walkable city, a potential

incentive and deterrent to walking, but also a priority for retrofit and a challenge (delivering change

in a carcentric environment). The responses did not provide howevertaS I NJ LJA OG dzZNB 2 F
should be addressed: firstly, numerous features of WiEwere indicated (e.g., destinations,

crossings, quality of street environments noted in general). Second, the participants also took the

dzd SNA Q LIS N& LIS QérdegialxjualitiestoftMEAS ¢ B @HzG G G Kl G LbxL ¢ 9({
raising the question what it is, that prompts the desired perceptions of pleasantness, convenience,
comfort, or safety? Thirdly, the challenges cited had a strong focus on transformingpaesaed

environment, which again calls for an agreement regarding what should be done and how the
SELISOGSRR2f 2fyAR icéli 24 K2dzZft R 6S LINAZ2NRAGAASRD® 2 KAES |
mentioned quality, as incentive or deterrent to walking characteristic of the walkable city, it is
L2&aaArAotsS GKIFG ljd2tAade Oy 6S 02y OSLiidzZ t AASR RA-
YSyGAzya 2F FSStAy3d &FFS yR GNIYyaLR2NI LI | yy SN

environments where pedestrian does not feel threatened by traffic.

The broader transport systemincluding the provision for driving amil, was seen in diverse ways

by the professionalsvhen examining different topics of this surv@jhe comparative quality of

walking & compared to the alternatives available was suggested as incentive to walking, and both
potentials and challenges spoke about a system geared towards the comfort of driving. However,

Ff 6K2dZAK 42YS LI NIAOALI yGa y23dWMMRI GKKIHKG GRKNER DMYI$
OSYiUNROésE GKS Sl asS 27T PTR&ANSUMEE topicg Withit tkeSoterd@al NJ | dz f
deterrents to walkingPrevious research had however suggested the importance of considering

walking within the broader transpodystem notingthat (a)walking levels can be influenced by the
perceived eas§l10, 192, 222, 297br difficulty [192] of driving and (b)an efficientPTas the

natural enabler of walkinflL26, 213, 224]The importance of the broader transport system supports

the idea of cities & systems, where outcomes such as theiceof walking cannot be understood by
examining theNEin a vacuunj21]. It could also help explain the high ratings given by the

participants to the dimensions of complexity, possibly influenced by chain reactions linking different
modes (e.g., it is easy to drive, therefore people drive which can incite theimoiose

neighbourhoods accessible primarily by car, meaning in turn low density, low potentials for public

transport and low attractiveness to walking, further inciting to drive).
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Park and colleagues had noticed that poliegkers in the transport field teded to focus more on
0dZAf G GFy3AoftS OKEFNIOGSNARAGAOAST RIMEEBNI GKIy
explanation cou help understand the apparent disconnect between on the one hand the car
oriented environmentidentified by the participants of this study as a priority for improvement, a

challenge and a barrier, and on the other hand a lesser consideration ebdeed driving.

The findingsuggest the need to examine conditions of walkiithin the broader systerand
communicate the importance of the qualities of walkiag compared t@ther options available

both the practice and the research

4.7Significance and contributions

Following the numerous previous calls for more walkable cities, this work examinédwhand the
potential hurdles in retrofitting an inherited caxentricenvironment. The findings suggest actions

regarding both policy andelivery.

4.7.Policy level suggestions

A Vision to action Ensure linkages between high level objectives (e.g., accessibility for all) and
practical implementatiorg namely: delivery oWWEand prioritised retrofit of barriers. This
requires revisiting théunding decision mechanisms, including data and indicators;
coordination between different sectors delivering infrastructure or dealing with its outcomes
(transport, urban design, health, road safety, economy); and appropriate funding.

A Addressing the neds of those who need it mostidentify populations of greatest need,
regarding accessibility on foot/wheelch&ir destinationsor PT investigate their needs and
current barriers, and confirm budgets and time frames for addressing those barriers.

A Prioritised retrofit. Tools and processeshouldconsiderpeople® experience and deliver
against it.Benefit-cost ratios currentlyappliedin New Zealantut poorlyadapted to
pedestrian improvementfll, 286] should be replaced by an assessment of the values
deliveredagainst igher policy objectivesuch asaccessibility, welbeing, or climate change
mitigation.

A Awareness and educatiamA sound understanding of the systemic complexity of cities is
necessary. Decisiemakers need to be aware of the importainteractions between land
use, transport planning, health, weddking, participation, and local economies, namely. This
understanding should be strengthened through training, irdectorial collaborationd.g.,
health and urban design experts on the Baaad transport authorities), and resource

allocation towards shared evidence bases.
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4.7.2Suggestions for planning and delivery

A Visionbased action plansThe action plans should be crafted towards delivering on the
vision specific enough about targets dimnterventions and based on data such laarriers to
walking, their magnitude and the populations they affect.

A Addressing the needs of those who need it moBtata on barriers to walking should be
improved so to better understand whexperiencedarriersto walking and whatheseare.
Thisunderstanding will requirsubstantial user engagement and collaboration with
academia. Data gathered should be used to prioritise interventions.

A Prioritised retrofit. Practiceshouldtake ownership on delivering higheisions such as
access, climate changaitigation, public health or participation. This will mean changing
some planning standardginstead of a predominant reliance on traffic models and benefit
cost ratios, retrofit should be prioritised acknowledginger experience and broader
benefits. Sound monitoring and evaluation should be in place so to learn from the
improvements made and the projects underwégr(instance: implementations under the
Innovating Streets initiativi804], in New Zealand).

A Awareness and educatiorProfessionals need to be aware of the important interactions
between land use, trasport planning, health, welleing, participation, and local economies.
This understanding should be strengthened through training (both at graduate levels and
throughout the career) and more integrated approaches (for instance, collaborations
between transport planners, urban designers and public health experts should become more

common).

4.8Strengths and limitations

This work has four major strengths. First for the first time in New Zealand, it targeted a range of
disciplines involved in the design dfeets and public health, to better understand the breadth of
views regarding needs, priorities and challengssociated to walkabilitySecond, after having

analysed survey data through content analysis, questions requiring more detail were examined in a
focus group. Thirdly, insights were triangulated, examining the roles of the quality of the walking
environment and the broader transport system from different perspectives (attributes of walkability,
incentives, and deterrents to walking, priorities acttbllenges). Fourth, practical recommendations

based on the findingaere made for both policy and practice.

188



Chapter7: Study 4

Several limitations are to be noted. Firstlysmallsample size (n=28) and the clustering into groups

that might have some heterogeneity. Secand NS ONXzA G YSy & (i K NP dz3 Kingd5 & S I N.
NAa]l 2F aSOK2 OK tediiispdviEetusetuknsihiioE New RKeklénghey niight

not be directly transposable to environments presenting strong differenegs €énvironments that

are not carcentrig). Future research should investigate perspectives between professionals involved

in the design and retrofit d?WEelsewhere, identify patternse(g: are there commonalities across
cardominated cities?), and inform best practice (what is done differently in cities where
LINEFSaaAz2ylfaQ OASsa IpsafeQOy §BrRndtinteyisithere ¥ Bulturefoh 3y S |

UX and interdisciplinary eRange?).

5 CONCLUSION

Improving urban environments to support walking aligns with the current urgendglifering

drastically better outcomes in terms of greenhouse gas emissions, public health and inclusion.
Considering Auckland, New Zealand, thislgtexamined how professionals of different disciplines
understood the needs, challenges and priorities relative to delivering walkable environments. The
findings indicate (a) a general agreement on the priorities and challengeddeanated realm and
practices, and the need of transforming them in a consistent and systemic way), and on the
complexity associated with delivering good walking environments; (b) a lack of consensus and shared
evidence on user experience (UX), namely regarding features ofdlking environments that might

now cause barriers; and (c) a tendency of not considering the comparative convenience of driving as
a barrier to walking. Underlying issues included a lack of prioritisation of walking linked to the lack of
UX evidence througa negative chain reaction and possible communication gaps between
professional disciplines. Through thedapth analysis realised, this study identified complexities of

and barriers to improving walkability. Findings were further used for crafting rewmdations to

policy and practice. Further research should investigate other cities, identify common patterns,
develop the recommendations suggested here, and inform best practice in terms of multidisciplinary

collaboration based on UX.
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CHAPTER 8: INQUIRY INTO MOTIVATORS AND BARRIERS TO
WALKING AS REPORTED SPONTANEOUSLY BY DISABLED AND
NON-DISABLED PARTICIPANTS

PREFACE

This chapter was not submitted for publicatilmmdate. Within this thesis, a group of participants

were involved as Citizen Scientié®S)The CS participated to:

A Data gatlering, collectingnsights from their environments using a specialised app
A Data analysigyroviding feedback to the draft analysis of the interview data collected
previously (K I LJG SNJ p0 YR 2y (HafterZJNahdOG A GA2Y SNEQ & d:

A A focus group inveing professionals (Chapter 7).

Data gathering constituted thiargest volume of the CS activiand provided extremely rich insights.

It is the topic of the present chapter.
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1 INTRODUCTION

Within this thesis, th&ocial Model of Walkabilitpitially drafted by other authoréchapter 2) was
developedthrough literature reviews andmpirical data derived from multiple research methods.
First, an umbrella review examined how walkability is understood in the literature (CHgpter
Second, assmations between objective features of the walking environment and perceived
walkability were determined from international literature (Chap8r Third, associations between
perceptions and walking behaviowere examined gquantitativelgChapterd). Fouth, Aucklanérs

were interviewedabout walking and barriers they might encoun{@hapters). Fifth,WEfeatures
reported as causing difficultiagere objectively characterisgChapter6). These studies delved into
WE and perceived walkabilitgnd proviakd rich insights, both as individual lines of enquiry and as a
cohesive whole. Howevesseach of these studies used structured approaches for data collection

the findings may have failed to capture nuances.

The Citizen Scien¢€Sppproach can provida differentlensbyt  R@F y OAy 3 {y2¢6f SR3S
NBaSIENOK YR Y2YAUi2NAY3I R2yS RBGBECSFeRaE potenfid 6 A K
and opportunities for contributing to more walkable neighbourhoods, by offering residents a more

ALR YOl yS2dadh MSER 40N 12T LINPQGARAY A AylLlzias yR &2
planning, data analysis, and advocf2fyl]. King and colleagues have described three typ&sifor

the people, with the people, or by the peod289].CSa g A 1 K G KS LIS2 L)X S¢ Sy adzNB
public are involved in the data analysis, wher€& 6 @ (i K SgenelalB iniflu8es members of

the public from the designphas€Sa 6 & (G KS LIS2LJX Sé¢ A& I LINBYA&AYy3 |
knowledge[289]. It seems particularly adapted to the planning of healthier environments through

the active participation and ideas of those who experience these environments on a daili2basis

Todate, research has been conducted in twelve countries and across diverse populations and types

of neighbourhood306]. CSbuilds on a history of citizen participation as a response to this lack of

control and a renewed conception of citizen, being active participant in the collective dedB0ais

CSha FLIWXASR Ay GKAA LINR2SOG I A YdespontahdoustasdOd | R
freer in format. Interview participant&om the study described in Chaptemire invited to be part

of this project as Citizen Scientists (CS) and participate in data gathering and analysis.
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This chapter focuses on the data gatheradthe CS and the analysis of these data. Using the free

inputs of CS, this study aims to examine:

A Thefeatures of theWEraised by CSwith particular attention on possible featuthat were
not covered in the interviewsand
A Theassociations between feaires of the WHaisedand/ {p€rceptions of walkability

noting differences to those identified through more structured methodologibsybter 5.

2 METHODS

2.1Citizen Science approach and Neighbourhood Discovery Tool

The gathering of local insights by CS is a key aspect of the approach. A specialised app was used to
enable people of all ages and backgrounds to easily provide inpug6S { GF Yy F2NR | YA SN
Neighbourhood Discovery Td@8]. Whenever a CS decides to document their environimtbey

Gadrk NI F gt f1é KNP defekencéskh@ir itinedirgsandahié poSition af &gy 3 S 2
point of interest (photo, good/bad rating, and explanation of why this feature matters through text

or voice clip). The CS were invited to undertakerany or as few walks they want. The walks could

be for any purpose, and the CS were welcome to capture data walking on their own, with another CS,
accompanied by a friend or family member, or with the researcher. The involvement of CS is

presented inTable22.

Table22: Citizen Science approach used in this study.

Phase CSapproach

Data gathering CS were invited to gather data anywhere in Aanklc around their homes, or in
other places where they walked.

Data analysis and ¢KS /{ 6SNB AYy@GAGSR (2 LINRPOGARS TFSSI
identification of patterns interviews data collected previouslghapter § and on the practitif S N& Q &
(chapter 7) This choice was made due to the nature of the project (availability
those larger scale data inputs) and of the financial limitations (the budget allo
2yte F2Nlon b¥ws aGKFyYy|l @&2dz @2 deiasl
G2 0SS NBaLISOGFdzx 2F GKS /{Q GAYSOO®

Brainstorming: The research involved a survey and focus group of professionals whose work
prioritisation of relates to streets (re) design and public hedl@hapter7). TheCS were invited to
interventions and brainstorm questions that should be discussed during the focus group, and
potential solutions delegate one of their members to the focus group.

Advocacy CS will receive a summary of the findings from all studies and can use them v

meeting withtheir local authorities. The CS were also offered the support of th
primary researcher, if and when they meet local authorities.
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2.2 Recruitment

The CS were recruited from the interviews conducted previoa$igdter 5. During the interview,

participants received a verbal information about the Citizen Science work, and if interested they

were given an information she€¢fppendix 8Aand a consent fornfAppendix8B)that they could

return to the researcher if they wished to participate. Brieflye participants were informed that

they would @) be trained to use a specific app for recording their insighish¢ invited to capture

ideas when walking through Auckland (alone, with another participant, with gpasticipant

companion, or withme); (c) be invited to discuss the findings from the interviews and the
LINEFSaaAzylfaQ adzaNBSe FyR LINBLINB (GKS j9z8SaiGAz2y:

and @) be welcome to contact the researchers at any point to discuss questions cgroen

¢KS adddzRe 41 a | LIIINRBOSR o6e ! dzO1fFyR ! YME@SNBRA G
2020 (application 18/431). The information sheet and consent form can be ségpéendices 8A
and 8B The participants received a small koha (gift) ichexge of their time.

2.3Workshops and training

Three workshops were organised and facilitated by the primary researcher and Dr Moushumi
Chaudhury. Prior to each workshop, the participants received a proposed agenda and an information
pack for the next wikshop. Details of the aims and information received prior to each of the three

workshops are presented ifable23 below.

Table23: Workshops vith Citizen Scientists

Workshop #and aims Preworkshop information

1 Meeting the Citizen Scientists and hearing their motivations abNone other than the initially
participating to this research; information about the project;  received information sheet
introduction to Citizen Science; and training regarding the use
the Discovery To¢b8].

2  Checking irg data capture using the Discovery T§@B], possible Overview of the findings from
issues and questions; overview of the draft findings from the the interviews (appendix 2)
interviews and discussion.

3  Checking irg data capture using the Discovery T{@8], possible Overview of the findings from
issues and questionsverview of the draft findings from the 0§KS LINF OGAGA2)
LINEFSaarazyltaQ adzZNB®Se | yR RAsuggested gestions for the
professionals within the focus group and CS delegation for the focus group (appendix 3)
focus group.
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2.4Data collection and processing

After having been trained to use the Discovery T68] in the first workshop, the&€Sgathered data
between March and May 2020. AllSchoseto capture data on their own everyday walks, except for
Olly,who is blind and preferred walking withe. Olly suggested that during these walks, | take
photosof the elements he indicates, using the appd activate the voice recording systeta

record his insights

It should be noted that on 28March, New Zealand entered a level 3 lockd&ivfollowed two days
later by a level 4 lockdown (stay at home, schools and workplaces closed except for essential
workers) that lasted until 27 April [308]. Auckland returned to level 1 on 8 June 2020. During all
levels of lockdown, local walks were allowed, but people were asked to keep physically distanced. All

the CXdecided individually when and where to waltikath before andduring the lockdown.

Data recorded using the app uploads onto the passwwatected Discovery Tool Data Porfa09].

The platform shows all the walks, with the information for each walk comprised of a series of items
(photo, rating, voice clip or text input recorded to supplement the photos). All participants used

voice clips only, and not the text input, and those cBpS NB G NI YA ONR O SR @SND I (A
noted with the app: ) it might quit unexpectedly and therefore artificially terminate a walk (that

can be continued by starting a new recording); apjdsome photos were corrupted (the uploaded

version would ot display or display partly as a solid grey area).

13 Alert levels:

Level2: gatherings limited to 100 people, 1m physical distancing, customers must be seated and served at
tables in restaurants and bars

Level3: stay at home except for essential travel, limited gatherings but schools and workplaces open; public
venues closed

Leve 4: lockdown: schools and workplaces closed except for essential workers
https://covid19.govt.nz/alertsystem/aboutthe-alert-system
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2.5Data analysis

Insights from theCSwere analysed using deductive and inductive content analysis. Deductive
content analysis is adapted to testing a festing theoretical frameworf@9] ¢ in this case, the
draft Social Model of Walkabilifydeveloped through this thesighecoding used dimensions

deduced from the modebevelopedin the previous chapter§he dimensions are:

A Availability of destinations and public transport

A Walking network(including directness or presence or stairs);

A Qualities of the WE including features of the walking infrastructure, traffic, natural
elements, aesthetic quality of street environments, or amenities such as benches;

A Broader transport systen, including the comparative advantages of other modes;

A Perceived walkability or satisfaction othe hierarchy of walking needs

A Individual characteristic§sociedemographics, disability, motivations or availability of travel
options); and

A Trip purposeand constraints(e.g. having something to transport).

Each dimension includes categories (some given as examples albbig)can have sulzategories

(for instance, the walking infrastructure involves aspects such as footpaths width or intersections
layout). The dimensions relative to the WE and the transport sysasmwell as the categories and
subcategories falling under each dimension are the same as previously used for coding the interviews
(chapter 5).Theyare presented in appendB&C2with a shortrationale for their inclusio. The

perceptions were related to the levels of the hierarchy of pedestrian needs wherever possible, using
the coding protocobreviously appliedor coding the interview (seAppendix ). The analysis

focused on identifyingotential discrepancies between the inputs and the theoretical model.

The software NVivo 20[B10]was used for coding the CS inputs. NJ840] can define codes and

attribute them to selected text or photo items. Parts of a document can be allocated to as many
different codes as necessary, by selecting elements (sentences, parssiateace or photo).

Further, NVivo provides an overview of the number of items per code and can extract all the

elements that had been associated with a particular cfgd®jd 'y SEGNI OF §S32NE X
defined to identify inputs that cannot be used for analysis (typically inpittsno comment and

rating).
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3 RESULTS

From the 56 interview participants, nine initially accepted to continue being part of the project as CS.

Four of those participants did take part in the workshops and actively gathered data. The five

participants whadad initially accepted being part of the project but did not collect data did not

provide reasons for that.

The four CS were motivated by contributing to a more walkable city. The CS characteristics are

presented inTable24® ¢ KS LI NGAOALI yiaQ NBLFf yIYSa | NB

Table24: Citizen Scientists' demographic data

Pseudonym Age

Disability status

Remarks

Ethel 64  Has somadifficulty Ethel is the primary carer of her husband, who is older an
seeing. has difficulties walking. Both enjoy going on daily walks, t
public transport to access places where they can walk sal
(typically smooth walkways away from the trafficdawith
0SyOKSa FyR G2AtSdGa @At
recorded on walks done with her husband.

Lenny 49  Blind, long cane user. Lenny works full time and commutesery day from South
Has some difficulties Auckland to the city, by bus. He enjoys local walks with hi
using public transport wife and 4yearold daughter. He also walks locally alone ¢
(related to access to bwith his daughter, typically to the library and the play cent
stops) Lenny recorded feedback from walks done withwife and

daughter.

Morgan 40  Nondisabled Morgan is a keen walker, who routinely walks back home
from work (6.5 km) and goes on long urban walks on
6SS1TSYyRazx 6AGK | LI NIAOdzL |
walking shortcuts. Morgan recorded all her insgktalking
alone. Her professional expertise is user experience, and
brought that aspect in the CS workshops.

Ollie 65  Blind, long cane user. Ollie walks every day froifis home to the place where he

Has some difficulties volunteers (1.5 km). He also enjoys walking with his wife
using public transport typically to and from restaurants in Ponsonby (approxima
(related to access to bi5.5 km return). Ollie chose to record feedback walking wit

stops)

the researcher, who would operate the appwas also
arranged for him to use a Dictaphone as an alternative
method; however, there was an issue with the recording ¢
it has not been possible to use those data.
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Collectively, the CS gathered 101 inputs from 12 walks using the Discovel808p{8.5inputs per
walk). Four inputs (4%) were excludethey were photos without information and rating. Eleven
other inputs (11%) were fragments of information related to a previous input (for instance additional
photo and comment). Th€Sive in central and southern Auckland, and reported walks located

either in their neighbourhoods or further afield (Ethel and Morgdr)e locations are presented in

Figurel6 below.
Auckland
I (' %ls/
Ot
Ollie
Morgan
Ethel
Lenny

. Place of residence /
other walks
ar -

Figurel6: Places ofesidence of the Citizen Scientists (larger circles) and locations of the walks recorded
further afield (smaller circlesnot centredexactly on the home addressgs
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3.1A note on the methods

Participants generally saw the Discovery Tool as relativelylsiamd straightforward; however, the
method was not well suited for blind participants. Firstly, using any app requires an adaptation (text
to voice, reading the instructions) that did not prove convenient for the two participants. Second,
photos are a kg aspect of the input, in the Discovery Tool, but are obviously an issue for blind
people. For these reasons, participants were offered to walk with the principal researcher or to use a
Dictaphone that would be lent to them. One of the two participantsk&dlwithme, while the other

one documented family walks, his wife taking photos and recording his voice messages.

3.2Reported environmental features

The 97 included inputs contained 11 partial inputs (additions to a previous input, for instance an
extraphoto or comment). The partial inputs were included in the coding and labelled if they referred
to categories other than those of the main input. This document considers a tallyidf 9786
contributions. Two patrticipants, both blind and using a longe¢caacorded over two thirds of the

contributions (n = 59, 69% of all contributions).

The contributions referred to 90 environmental features. The majority of the features (n = 67, 74%)
KFR 0SSy (F33SR o0& LJ NIAOALIN Y dwete@onsiderédRgodf 2 NJ { K ¢
Almost all the features (n = 88, 98%) were relative to the qualities dfuBeTwo of the reported

features (2%) related to public transport services and information. An overview of the features

reported by dimension, category drsubcategory is presented Trable25 below.

The majority of the reported features (n = 54, 60%) relate to the two main categories noted: the
footpaths and the crossirsg For the footpaths, the available width was an important characteristic,
often related to builtin obstacles that reduce it (16 out of 21 mentions, 76%). The usable surface was
further reduced by temporary obstructions that could be caused by objects asibins or roadwork
signs, but also by people waiting for the buses for instance. The two blind CS reported most of the
barriers, explaining that they cause difficulties of navigation (being forced to zigzag) or even injuries,

when the obstruction is abe the ground and not detected by the cane.

14 participants were free to label inputs as both good and bad, and the labelling was not compulsory. Some of

the featuresNBS LJ2 NIISR ¢ SNB dzyf I 6 Sttt SR® hyS YAaaAydsewt | 0SSt gl
information sign, andsthe participant (Ethellnentioned in other inputs that she appreciated those signs.

Therefore, it was assumed that the lack of rating wasmission.
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Figurel7: A tree trunk obstructing the footpath at head height and not detected by the long cane; photo
contributed by Lenny

In our family, thifigurelq is known as the killer tree. | don't like to walk down the side of the
pavement as this tree would take your head off. | have met it a couple of times not with any seriou

damage, the bettek than judgemdritenny, blind

Figurel8: A wide footpath with builtin obstacles (here bench nd information signs), also used by people
waiting for the buses; photo taken by TB, walking with Ollie
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Because | have been pushéd the side of the pavement, because of the presence of the informatio
board for the bus service, should | carry on walking in the straight line | will walk straight into anott
obstacle, the bgnCiilie, blindHigurel§

The blind participants reported a density of barriers. On a walk of approximately 400 m (from
Auckland Hospital to Seafield View road), Ollie (blind) reported 23 features that either force him to

zigzag (poles, bins, information signs, people waiting adwmrks signs) or can unexpectedly hit him

in the face (overgrown hedges along a very narrow footpath).

Figurel9: Ollie, walking down the carriageway on a street with narrow footpaths further narrowed by poles,
bins, and hedgesphoto taken by TB, walking with Ollie

The presence of those recycling bins, on the other side of the pavement, means that that side is a
off. It is forcing anyone to step onto the pavement. It is because of obstacles likivihisrthat althougt
the street, | very very seldomly walk on the pavements, and | am actually forced and feel safer wa
smack bang in the middle of the roadway. Fortunately, Seafield view is only one way, and | can he
traffic before they get nedr @ie blind Figurel9.
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Several categories were directly related to the footpaths design, namely the vehicle traffic (issues

noted around access traffic cutting across fhetpathns¢d NE I £ £ @ Rl yISNR dzaé¢ F2 NJ
of sharing the path with bicycle users (potentially intimidating, for Ethel and her husband). The
presence of heavy traffic and the lack of shade along the path could further decrease attractiveness

of the route. Lenny also noted situations where the path was either absent or discontinued, forcing

him to walk along the road or through a carpark.

The crossings were the second most noted environmental category. The participants spoke mainly
about informalcrossing points, where drivers are not required to stop for pedestrians. These
situations were particularly problematic for the blind CS: while the presence of tactile pavers was

perceived as useful for orientation, they were struggling to cross busy reaitisfew gaps in the

traffic and noise levels making it difficult to hear them.

Figure20: Informal crossing with tactile pavers and a median refuge; photo contributed by Lenny

This is a crossing, in quotes, at the oti@madion Road. It's marked with tactiles but there's nothing
to tell cars that they have to stop and it's on the way on and off the motorway so it's very busy. So
tactiles but the crossing is (Eebess, blind-[gure2q
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Figure21: Informal crossing of a side street with tactile pavers and an open curb; photo taken by TB, walking
with Ollie

| can't really see [the vehitlegyaown the hill], | have to listen whether there is anybody and then |
can crogsOllie, blindHigure2]

Figure22: Path along the Mankau harbour but separated from it by the roadyithout pedestrian crossing

This is the junction between Short Ave and Kiwi Esplanade and just to show thatfescho crossing
there's no crossings along the whole Kiwi Esplar@sing at alileen the village and the water.
Lenny
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Table25: Features reported by the Citizen Scientists

Dim. Categories  Subcategories N mentions H OlF GS32N!
Activation- presence of othepeople, eyes on the streefl 1
Crossings 16
availability of appropriate crossing 1

facilities
non-signalised crossings: layout,
geometry, and traffic context

4
tactile pavers 2 1
Footpaths 38
absence 2
design- width, directness -
maintenance 5
materials & execution 3
temporary obstruction -
Holistic design quality 5
street - footpaths buffered from traffic 1
traffic calming 1
walkway through carpark 3
Interesting things to see 3
details 1
nature and animals 2
Landscape 2
greenery 1
views 1
Signage and wayfinding 6
Information -1
Wayfinding 2
Street furniture 1 1
Traffic
traffic across the footpath 3
sharing the path with bicycle users 5
noise and pollution 1
Use of the space by other people, (in)civilities 1 2 3
Shelter 1 1
Toilets and 1 1
water
Amenities 2 2
oadersystem ]
Public transport services 2
availability and quality of services 1
information 1
Total 23 67 89
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The CS reported two aspects that did not come up in the interviews:

1 Shared pathsand the potentially intimidating effect of bicycle users passing by, especially on
narrow sections (Heather, talking about her and her husband, and Lenny, specifying that he
would avoid the Kiwi esplanade if he was walking by himself or with his yowuhtg); and

1 Signage and informationfor instance showing the itinerary of a walking path and providing
information about presence of stairs, toilets, and benches; providing information about
natural and historical features; directions; or waiting tinfiespublic transport. All
contributions were provided by Ethel who rated them positively, finding them useful and

interesting, in the case of informative boards.

3.3Reported perceptions

! {irQights regarding the photos taken and their explanations miggrwhat they enjoy or find
problematic were tentatively coded against the hierarchy of walking nedmdtSocial Model of
Walkability). The perceptions reported did not include ideas foreign to the existing hierarchy of
walking needs with the exceptiaf convenienc&el RAYSyaiz2zy GKFG 6l a y20
development43] but that had been suggested in the analysis of Auckland Transport ActislesV
Survey resultsthapter4). While the ideas expressed aligned with thetaglate version of the
hierarchy of walking needs, coding inputs against specific levels of the hierarchy was relatively
complicated due to inputs not necessarily providingtadl dimensions that would have been used

for classification, in the interviews. For instance, feasibility and accessibility relate to similar ideas,
regarding their norfulfilment; the difference is in the outcome, for the person: if they perceive that
the trip cannot be done, the feasibility level is not fulfilled. However, the open nature of this data
capture method allows people to provide as little or much information as they gqikls can mean
that researchers do not always have all the elements tnatld be ideally needed for classifying
perceptions. Classification is further made difficult by subtleties of language and expression (how
participants describe their perceptiong@42]. Acodingprotocol was establishedppendix50),

however it should be noted that data gaps implied interpretation and assumptions especially in
differentiating between the first two basic levels, feasibility and acce#gildfor this reason, the
coding is presented as a tentative categorisation of inputsovamview of the coding is ihable26

below, and insights are examined in tfedlowing paragraphs.
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Table26: Reported inputs tentatively coded against the levels of the hierarchy of walking needs

Level of the hierarchy of Characteristics Mentions

walking needs (n, %)

Pleasure Level of appeal of thevalking environments 3 4%

Convenience Practicality, efficiency of walking to a destination or publii 3 4%
transport

Comfort Relationships with traffic, ease of crossing or walking alo 10 14%
the path.

Safety Initially (see Alfonz§43]), the level of safety related to 35 50%

crime and a personal dimension. In this research, it was
extended to include safety from traffic.

Feasibility OR accessibility Possibility / viability of accessing a destination or 21 28%
undertaking a leisure walk (feasibility) or level of ease of
accessing a destination or undertaking a leisure walk; the
need for accessibility is noted as rfaffilled if a high
difficulty is expressed

Total 72 100%

The tentative association with the hierarchy of hierarchy of walking needs indicates a focus on the
most basic perceptions: feasibility, accessibility, and safety (56 of the 72 oquled, 78%)The

features of the WE associated with each dimension are described below.

Safetywas the largest group of perceptions reported. One case was positive (Lenny noting the
presence of tactile pavers in Mangere Bridge as helpful tools for angntsa-vis traffic). Most

inputs (34, 97%) were negative. They were associated to:

1 Obstacles and trip hazardsuilt elements, differences of levels left behind after works,
parked cars (for instance tow bars sticking out at gteight), or natural elments (tree
trunk at head height). These elements were reported mainly by blind CS (but aldmimdn
CS talking about people with low vision or ambulatory impairments).

1 Interactions with traffic. discontinued walking network forcing to walk through apzak, or

carpark access cutting through the footpath, both reported by Lenny.

f Sharing the path with bicycle ridess NB L2 NI SR 6& 9UKSft & daAydA)

husband. As seen above, Lenny avoids narrow shared paths, when walking alone. He also

nol SR a Iy AaadsS | aA3dy aoXe (KI{G &ada3sada

cyclists and the path is maximumo¥l g A RS ¢ @
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Feasibility and accessibility issuggere reported bythe blind CS. Two inputs were rated positive,
both relating topedestrian crossings being built and for which the hopes were that they would make

access to destinations easier. A majority of the inputs (19, 90%) were negative and related to:

1 Nonsignalised crossings with heavy and/or fast traffinability to crossvhile cars are
present nearby and might drive through the crossing at speed, having the right af sesy
Figure20 andFigure21 above, and quotes)

1 Absence of crossingseeFigure22 and quote above)

1 Footpaths obstructions and crowdingometimes coupled with a narrow design, forcing a
zigzag that blind participants will prefer to avoid ($égurel8, Figurel9and quotes above).

9 Sharing a narrow path with cyclists

I Missing pedestrian infrastructurefor instance no fotpath along a lane that forms the
access to the library and the playground, or no footpath available after having crossed an

intersection.

Comfortwas associated with two positive inputs: footpaths that are buffered from traffic (Lenny),
and presence of benches (Ethel). Eight out of the 10 mentions were negative. They were related to
the need to dodge obstacles (for instance shared bikes, parkedocgreople waiting for the bus);

uneven footpaths; unkept hedges (segure23); and a footpath without shade and adjacent to

strong traffic flows.

Figure2dY ! y1 SLJi KSR3IS I t2y3 | F22dyRyi K sSiXRI R2ASt & (2

206



Chapter 8: Study 5

Convenience and pleasurelated to six positive inputs, all submitted by Ethel. Convenience was

associated to the presence of toilets and useful signage. Views of nature, informative signs, and

provision of free outdoor gym equipment were labelled against the dimension of pkeasu

3.4Associations between environmental features and perceptions

While the CS were a diverse group of people, reporting on a variety of environmental features, some

patterns were identified regarding how the features are experienced or assessed.|Overal

T
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Interactions with traffic were associated with the most basic pedestrian neesiafety,
feasibility and accessibility. The blind CS noted that navigatingigmalised intersections

was difficult because it is not always possible to hear a gap irrdfffiict and because of
inconsistencies of design (for instance, absence of footpath on the other side). They also
reported issues due to a lack of appropriate crossings. A sense of poor safety came from
inputs regarding interruptions of the walking netwahat could force them to walk on the
carriageway or through a carpark, or relative to the presence traffic on the paths (motor
traffic accessing parking lots, or presence of bicycle users with whom to share the path).
Complicated interactions with trafficould further be associated with the inability to access
destinations (severance).

Footpaths design, layout, and obstructions were often associated to basic needs:
accessibility and safety, sometimes feasibility. These associations were contributed by the
blind CS reporting on their daily experiences, but also by any CS thinking of wheelchair users
or pedestrians with low vision. Footpaths condition could lead blind CS to choose other
routes.

Comfort was associated with smooth and direct paths, and the ggace of benches and
toilets. Comfort could be undermined by a lack of maintenance (for instance footpath

surface or unkept hedges), or a strong presence of traffic along the path.
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3.5Elements of context and additional information provided

In the spirit d the Our Voice approad61], the CS took a role of advocates, talking on behalf of

other people, and questioned the design practiéd.the CS, dabled or not, notedVEfeatures that

they thought would cause difficulties wthers. Lenny and Ollie, both blind and using long canes,

talked about barriers for wheelchair users (Lenny, Bigire24 and quote below) and for blind

people using guide dogs (Ollie, noting that in presence of a narrow and obstructed footpath, a guide

dog would be unsure about where to lead its human). Morgan and Ethel reported footpathsrin p
condition, after having been repaired, signalling they would be difficult for people who are mobility

or visuallyimpaired (Morgan: se€igure25and quote below)Ethel was also angry because of a
F220L) 6K 20a0NUzOGSR &9 KSNB LIS BiguieZs any quatkhielowf.S SR i :

Figure24: Tree and narrow footpath damaged by the roots; photo contributed by Lenny

This is the second set of tree roots on this small bit of pavement and again they are on the main r
village. Trip hazard, just makes walking down really difficptbsaitdieinm a wheeldhbenny
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Figure25: Poorly maintained footpathcd ! y@ 02 R& @gAGK Y20AfAGE& Aaadz
K S NBviorgan

Figure26: A shared bike parked on marrow footpath; photo contributed by Ethel

Well it makes me really mad [...] the situation where an Uber bike sitting right in the place where p
might need to cross thepribtie|
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The design practice was questioned indirectly, every time the CS noted features designed in a way
that does not work for them (for instance: interrupted paths or lack of appropriate crossings
described above). The two blind CS, Ollie and Lenny, mentianeeMer also explicitly the way

walking environments are delivered. Ollie stressed that barriers kept being built, showing the
example of a modern building situated between the main hospital and the University, and bordered
by a high quality granite footphtobstructed by two electrical boxes (sEgure27 and quote

below). He also pointed out that roadworks signs could be placed in a way that obstructs footpaths.
Lennyobserved that although tactile pavers were being placed atsignalised crossings with high

traffic, that these crossing points remained of no help, given the priority to traffic and the inability to

find a suitable gap.

Figure27: Footpath with a builtin obstacle (electric box); photo taken by TB, walking with Ollie

Again, this is a brand new building. How is it that the developers of this building were allowed to h
electricity equipment exposed. Whether it'ti¢helectidity department, surely there must be some
type of guidelines which prohibits electricity protection boxes to be located smack bang in the mid

pavementOllie
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4 DISCUSSION

This chapter examined environmental aspects perceived asostiyg of walking or as barriers, this

time basing on inputs provided by Citizen Scientists (CS). The aim was to examine qualitatively what
environmental features were raised, how these features compared to the inputs gathered through
interviews (chapter i and how participants spontaneously associated environmental features with
perceptions of walkability. For this purpose, the CS used an ad hoc smartph{#td sprecord

features of any walk of their choice. Deductive content ana[@8was used to code the reks

against thedraft Social Model of Walkability

A group of four CS recorded insights from walks taken near their places of residence (central and
southern TamakMakauraug Auckland, Aotearog New Zealand). The insights were coded against
the dimensios of thedraft Social Model of Walkabilityrhe analysis focused on the environmental

features ways they were experiencednd possibleeported consequences on walking.

The insights confirmed the systemic issues identified previoukiyugh literaturereview and

interviews. Noted barriers could relate to design principles (e.g., provision and type of crossings) and
delivery methods (e.qg., footpaths patched by different underground interventions and not finished
smoothly). While design standards evolissues pointed by the CS cover both inherited and new

AYTFNI a0 NHzOGdzNE® DSKE O2yadzZ dFyda KFER y2SRY al )
left its conclusive mark on Auckland. A large scaled street layout dominates the city centre

accO Y2RI GAYy3a | KAIK ydzYoSNI 2F OF NA[78.VHRCRIzi G Ay T L
illustrated how the historic built environments and rules can cause barriers (e.g., narrow footpaths

on streets and roads with generous proportions but also a high allocation to motor vehicles; walking
surface further narrowed by the installatiaf utilities and services (poles or electric boxes for

instance); poor provision for pedestrian crossing; or lesgale crossings and intersections where

traffic has right of way over pedestrians). The CS however also indicated issues observed w recentl

built or retrofit areas, noting again issues relative to design standards. These included:

1 The provision of tactile pavers on casual, tsignalised crossings: the blind CS noted that
while the tactile pavers help orient, the type of crossing itsatiisnavigable with intense
traffic flows having right of way over pedestrians;

1 The retrofit of nonsignalised crossings that involves new materials (for instance, stone
paving, by the Auckland Hospital) but does not include devices that can stop the araffi
alter priority rules;

1 The addition of further obstacles to the footpaths, such as for instance electric boxes.
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The inputs provided by CS differed however slightly from the interviews in Chapte3gecifically,

the CS mentioned aspects that did not arise in the interviews (shared paths and signage) but the
process also allowed for more richness and detail in the observations (for instance, mentioning
ALISOATAO aYAONREé T Ssobstmstiigifootpatnd, r expkinir®) hddvéhé NA O 6 2 E
4dz00Saarzy 2F (KSaAaS GYAONRE Ol NNASNB AYLI Ola 2

be explained by the investigation method used or the scope of research.

1 The investigation methodillowed hee free data capture in the walking environment,
captured in a time and place chosen by the participant. The method presents significant
differences to interviews, having had a structured set of questions. Recall could be different
in both situations. Alsathe Discovery Tool was developed as an intuitive and-userdly
platform [309], allowing to provide as little anuch of information about a feature, which
could lead to a higher willingness to provide insights.

1 The scope of researdncluded here any walk, as opposed to usual walks and nearby
destinations not accessed, in the interviews. Considering any walk miearihie
participants were asked inputs relative to a wider range of environments, that might have
prompted them to record features seen for the first time. The participants were also asked if
GKS FTSIF{idaNB GKS& NP AYRAOBREXYHINRYLH2ZR # KIS

imagine the experiences of others, while the interviexsminedtheir personal experience.

4.1A note on the methods

The patrticipation of blind CS (fiistan app-based data collectiarto my knowledge), allowed to test

the usabiliy of the data capture methodselying ona smartphone and an agp8]. The experience
suggestd some difficulties of useelative to the textto-voice transcription antbking photos

Further development of data captureusing the app or another methaglis recommended, and

shauld be done in partnership with blind people, aiming to develop a solution that corresponds to CS
objective of involving diverse people. A potential way forward could be a wearable cameaa and
recorderincluding GPS tracking an@erated using physical $ighes (capture photo, capture voice

recording, save and pass to next).
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4.2Strengths and limitations of the research

This study builds on the understanding of walkability as perceived by users. It has two main

strengths. Firstly, the use of participataagtion research, with a format that is freer than an

interview, allowing therefore CS to contribute when and where they want, using either voice

recording or text. This method provided an interesting new perspective to data previously gathered
ininterviewa £ y I YSfé& SELX 2NAyYy3a (GKS S¥7FS decondzitinvdivgd I OO d
the participation of blind CS, who provided extremely valuable insights relative to perceived

walkability but also the data capture methods. The usability of thewaas for instance discussed,

and further development is suggested.

The study has three main limitations. First, the number of CS and inputs provided were relatively low.
SecondCSwere invited to label and express their feelings, which can be challefA2y Third, the
coding of inputs relative to perceptions against different levels of the hierarchy of walking needs
includes elements of interpretation. A structured coding framework was established, however, due

to information gaps, the classification of perceptions should be considered as tentative.

5 CONCLUSION

¢CKAE aiddzRé SELIX 2NBR LIS2L) SQa LISNDSLIIiA2YyEd 2F (K¢
research, employed to better understand what mattersatalkers and why. The insights provided by

the CS conceptually aligned with theaft Social Model of Walkabilityrhis method of investigation

provided a valuable additional lens of exploration, alongside the previously used literature reviews,
guantitative study and qualitative analysis (chapters 4 and 5). The CS contributions included two
environmental features that had not been identified through the interviews (shared paths and
signagé@ and provided rich insights into the ways a successioa @ Y I £ £ ¢ o6 NNASN& O y
walking trip, for blind people.

Tomy knowledge, this is the firgipp-basedCSstudy to have involved blind participants. BliG&

provided extremely valuable insights related namely to their everyday experiences, litibaoted

also to a realitycheck of the methods used: namely, the smartphone app Discovery30gj)

aiming to empower diverse people to participate, was relatively difficult to use, and the participants
chose to ask another person to help them take photos and record insights. This experience suggests
the need of developing a device that is easier to use for visigraired participants; maybe a

wearable camera and recorder operated using a physical switches (capture photo, capture voice

recording, save and pass to next).
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