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1A: Ethics approval, phase 1

AU

TE WANANGA ARONUI
O TAMAKI MAKAL RAU

Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

-85, Private Bag 92006, Auckland 1142, NZ
T:+64 39219999 e, 8316

E: pthics(@aut.ac.nrx

wwnw.aut.ac.nz/researchethics

12 December 2018

Erica Hinckson
Faculty of Health and Environmental Sciences

Dear Erica

ReEthics Application: 18/431 Reszarch on the quality of your strest anvironmant for walking: how easy is it to
gat arcund, what ara the difficulties, and how do thay influence your moehility

Thank wou for providing evidence as reguested, which szatisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 12 December 2021,

Standard Conditions of Approval

1. Aprogress report is due annually on the anniversary of the approval date, using form EAZ, which iz available
online through htkps . gut. ac.ngfresearch/researchethics.

2. Afinal report is due at the expiration of the approval period, or, upon completion of project, using form EA3,
which iz available online through http:fwwer autac.nzfresearchiresearchethics.

3. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EAZ form: httpo fwww . aut.ac.ng/researchiresearchethics.

4. Any serious or unespected adverse events must be reported to AUTEC Secretariat as a matter of priority.

5 Any unforeseen events that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

Flease guote the application number and title on all future correspondence related to this project.

AUTEC grants ethical approval only. If you reguire management approval for access for your research from another
institution or arganisation, then you are responsible for obtaining it. You are reminded that it is your responsibility to
ensure that the spelling and grammar of documents being provided to participants or external arganisations is of a high
standard.

Far any enguiries, please contact ethics@aut.ac.nz

Yours sincerely,

(Yoo

kate O'Connor
Executive Manager
Auckland University of Technology Ethics Committas

Ce: fo89sd@autuni.acng mowshumichaudhury@aut.ac.nz



1B: Ethics approval, phase 2

AU

TE WANANGA ARONU|
0 TAMAKI MAKAL RAL

Auckland University of Technology Ethics Committee {(AUTEC)

FAuzkland University of Technology

-85, Frivate Bag 92006, Auckland 1142, NZ
T:+b64 59521 9959 ext. 8316
E:pthicsi@aut.ac.nz

wwrwr.aut.ac. nxresearchethics

31 August 2020

Erica Hinckson
Faculty of Health and Environmental Sciences

Dear Erica

Re Ethics Application: 18/431 Research on the guality of your streat environment for walking: how easy is it to
gat arcund, what are the difficulties, and how do they influance your mohility

Thank you for providing evidence as reguested, which satisfies the points raised by the Auckland University of
Technology Ethics Committes (AUTEC).

Phase 11 of your project hasbeen approved for three years until 12 December 2021,
Standard Conditions of Approval

1 The rezearch is to be undertaken in accordance with the Auckland University of Technolopy Code of Conduct
for Research and as approved by AUTEC in this application.

2. Aprogress repartis due annually on the anniversary of the approval date, using the EA2 form.

3. Afinal report is due at the expiration of the approval period, or, upon completion of project, using the EA3
farm.

4. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 farm.

5 Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

6 Any unforeseen events that might affect continued ethical acceptability of the project should also be reparted
to the AUTEC Secretariat as a matter of priority.

7. It is your responsibility to ensure that the spelling and grammar of documents being provided to participants
or external organisations is of 8 high standard and that all the dates on the documents are updated.

AUTEC grants ethical approval anly. You are respaonsible for obtaining management approval for accessfar your research
from any institution or arganisation at which your research is being conducted and you need to meet all ethical, legal,
public health, and locality abligations ar requirements for the jurisdictions inwhich the research is being undertaken.

Please quote the application number and title on all future carrespondence related to this project.

For any enguiries please contact ethics@aut.ac.nz. The forms mentioned abowve are available online through
hittp-ffwawe autac.nzresearchiresearchethics

[This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committea

=N fgE9t4@autuni.ac.nz; mouwshurmichaudhury@aut.ac.nz



1C: Walking levels vs WalksScore TM levels for Auckland

What was done

New Zealand Household Travel Survey (HTS)! data for 2015-17 was obtained from the Ministry of
Transport. The anonymised dataset contains residential addresses as well as information regarding trips
made in the previous week and individual characteristics.
For participants living in Auckland, the correlation was sought between walking levels (trips legs walked
for transport, in the previous week) and the WalkScore ™ scores. The WalkScore ™ scores were
automatically retrieved for each address, using R software? and its packages opencage® (geocoding
addresses into longitude and latitude) and walkscoreAPI* (retrieving the WalkScore scores based on
coordinates).
The dataset contained 1678 home addresses in Auckland, corresponding to 2711 respondents (1.62 per
household), and a total of 5,171 trip legs made by any mode. 776 of the respondents (28.6%) had
walked at least 1 trip leg in the previous week.
A trip leg is defined as a segment of a journey not including a change of mode®. For instance, walking to
the bus stop, taking the bus, and walking to the end destination corresponds to two walking trip legs
and one bus trip leg. Walked trip legs exclude:

e Trip legs shorter than 100 m and not crossing a road

e Walks on private property
e And off-road round trips

A linear model was computed, expressing weekly trips walked as a function of the WalkScore scores.
The slope (0.04) and the R2 coefficient (0.01) indicated a very poor fit.
The code is provided in the following pages.

! Ministry of Transport. (2017). New Zealand Household Travel Survey 2015-2017. Retrieved from
https://www.transport.govt.nz/mot-resources/household-travel-survey/results-from-household-travel-survey-
2015-2017/

2R Core Team. (2019). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for
Statistical Computing. Retrieved from https://www.R-project.org/

3 Possenriede, D., Sadler, J., Salomon, M., Ross, N., Russ, J., & Silge, J. (2020). opencage: Geocode with the
OpenCage APl version 0.2.2 from CRAN. Retrieved from https://rdrr.io/cran/opencage/

4Whalen, J. (2012). walkscoreAPI: Walk Score and Transit Score API. Retrieved from https://CRAN.R-
project.org/package=walkscoreAPI

5 NZ Ministry of Transport. (2015). Walking New Zealand Household Travel Survey 2011 - 2014 (p. 21). Wellington,
Aotearoa New Zealand: Ministry of Transport. Retrieved from
https://www.transport.govt.nz/assets/Uploads/Report/Walking-2015-y1012.pdf



Code

#OSETUP ——m—mmmmm e
Tibrary(tidyverse)

Tibrary(walkscoreAPI)

Tibrary(opencage)

setwd("C:/Users/tbozovic/OneDrive - AUT University/al_STUDY_1l_quant/Part-1-HTS")

# Import addresses, 2016-19 ------——--—- -
ad_y1l4y16_19SEP19 <- read.csv('C:/Users/tbozovic/OneDrive - AUT
University/al_STUDY_1_quant/Part-1-HTS/HTS-15-17/ad_yl4y16_19SEP19.csv")
addresses <- ad_yl4yl16_19SEP19

# 204,669 obs

# Create unique ID, format yy_samno
addresses <- addresses %>% mutate(
UniquelID = str_c(Year, samno, sep =

_", collapse = NULL))

# Filter -—-----mm e e e e e e
# only Auckland, address= home

# adType = Address Type H=Home, E=Education Facility, w=Work, O=Other
addresses <- addresses %>% filter(Town=="Auckland") %>% filter(adType=="H")
# 1,678 addresses

# Retrieve Walkscores ——-—-=-—--— - -

result <- 1list() # Empty Tist to store results

for (i in 1l:nrow(addresses)){

year = as.character(addresses[i,"Year"])
ID = as.character(addresses[i,"samno"])
address = as.character(addresses[i,"address"])

# Geocode address using opencage and extract useful results
gc <- opencage_forward(placename = address,
key = 'c3b26bb87f224e6885aa77fb7882765e",

countrycode = 'NZ',
Timit = 1)
res <- data.frame(

year = year,

ID = ID,

address = address,

gc_time = gc$time_stamp,

gc_suburb = gc$results$formatted,

gc_lat = gc$results$geometry.lat,

gc_lon = gc$results$geometry.ing,

gc_confidence = gc$results$confidence,
gc_url = gc$results$annotations.osSM.url,
gc_remaining = gc$rate_info$remaining)

# Find walkscore using the geocoded long lat
ws <- getws(res$gc_lon, res$gc_lat,
'e2e3f2cce96al24a33a4ab346734e598")

# Add useful walkscore results to df

res$ws_status <- jfelse(ws$status == 1, 'Success', 'Fail')
res$ws_score <- ifelse(ws$status == 1, ws$walkscore, NA)
res$ws_description <- ifelse(ws$status == 1, ws$description, NA)
res$ws_updated <- ifelse(ws$status == 1, ws$updated, NA)
res$ws_snaplon <- ifelse(ws$status == 1, ws$snappedLong, NA)
res$ws_snaplat <- ifelse(ws$status == 1, ws$snappedLat, NA)

# Store results in list
result[[i]] <- mutate_if(res, is.factor, as.character)}



result <- bind_rows(result)

# Add identifiers
result_ID <- merge(addresses, result)
# 1,678 observations

# Create unique ID household
result_ID <- result_ID %>% mutate(
UniquelID = str_c(vear, samno, sep = "_", collapse = NULL))

# Select only variables of interest and filter

result_filter <- result_ID %>%
dplyr::select(

UniquelD,

Year,

samno,

address,

Suburb,

Town,

ws_score)

# Join the "trips" dataset, with travel behaviour ---------————--——-

tr_yl4yl15_170CT18 <- read.csv('C:/Users/tbozovic/OneDrive - AUT

University/al_STUDY_l_quant/Part-1-HTS/HTS-15-17/tr_yl4y15_170CT18.csv'")

tr <- tr_yl4yl15_170CT18

# Check total number of trips
table(tr$Newmode)
# Total 218,581 trips; 25,183 trips walked = 11.5%

# Create unique ID household, format yy_samno, id results
tr <- tr %% mutate(
UniquelID = str_c(Year, samno, sep = "_", collapse = NULL))

### Attach trip data corresponding to the included results
results_tr <- merge(result_filter, tr, by="uUniqueID")

# 39,884 obs, 72 variables

# 5,171 trips

# Create unique ID for each person
results_tr <- results_tr %% mutate(
UniqueID_p = str_c(UniqueID, person, sep= "_", collapse = NULL))

# Examine trips walked vs walkScore -----------------—--c———

# LM equation

m <- Im(trips_w_count ~ ws_score, results_w)
summary (m)

# (Intercept) ws_score

# 10.16158514 0.04057022

# Very poor fit (R2 =0.01)

# Multiple R-squared: 0.009715, ................ Adjusted R-squared:

0.009512



1D: Engagement with local stakeholders done within the scoping phase

Name
Sam Bourne

Claire Pascoe

Darren Davis

Lily Linton

Dr Haydn Reid

Ben Ross

Frith Walker

Irene Tse

Samuel Murray

Vivian Naylor

Brian Coffey

Dr Catherine
Brennan

Mary A.
Schnackenberg

Role and Organization
National Urban Design and
Landscape Advisor, NZ
Transport Agency

Lead Advisor, Urban
Mobility

Transport & Land Use
Integration Manager,
Auckland Design Office
(ADO)

Road Safety Policy Analyst,
Auckland Transport (AT)

Head of Infrastructure
Programme - Digital City,
Auckland Council
Geographer, South
Auckland Urban Champion

Head of place-making,
Panuku (Auckland Council)
Road Safety Engineering
Team Leader, AT

National Policy Coordinator,
CCS Disability Action
National Office, and
member of the Disability
Data and Evidence Working
Group

Barrier Free Advisor &
Educator at CCS Disability
Action

Director, Office for Disability
Issues

Advisor, Office for Disability
Issues

Chair of the Disability
Advisory Panel - Auckland
Council, and Hon. Secretary,
Auckland Branch,
Association of Blind Citizens

Date
Feb. 18

Feb. 18

20.4.18

15.5.18

18.5.18

9.6.18

18.6.18

18.6.18

20.9.18

27.9.18

10.10.18

10.10.18

12.10.18

Notes

(Colleague, at that time; several discussions on this
topic at different dates). Transformation of the
urban environments: a systemic challenge.
Research can contribute to better systems
approaches.

(Colleague, at that time; several discussions on this
topic at different dates). Research can contribute
highlight diverse experiences of the built
environment. Recent focus was rather on cycling
behaviour.

Research can contribute to needed prioritised
action to improve walking environment. It can also
highlight “invisible” difficulties (e.g., arm in scarf
making it painful to rush to cross during the green
phase).

System design issues, namely regarding pedestrian
safety. Value in providing insights regarding lived
experiences (in particular perceptions of safety)
and the choice of (not) walking. Interesting also in
public transport as a potential enabler of walking.
Interesting if research can provide inputs for
liveability indicators.

Important to inform future deliveries; identify the
“why” of the barriers — for whom? Who chooses to
drive the first/last mile?

Outcomes would be useful for targeted walking
action plan (not existing at the moment)

System design is part of the current safety problem
— 70% of vulnerable road users are killed or
seriously injured on arterial roads. Elderly are
particularly exposed. Needs: evidence regarding
users’ needs by age, ability, etc. What do they see
as difficult or risky? How does it look like? How can
improvements reduce the perceived risks?
Research could contribute to current data gaps,
namely disability lens on the four dimensions of
well-being (social, economic, environmental,
cultural). Namely from the perspective of access.

A major issue noted: disabled people are
guestioned about their needs but do not see
resulting improvements. Research needs to have
practical outcomes.

Letter of support to this research received
http://bit.ly/support-ODI

Evidence seen as positive to help prioritise needed
improvements of the built environment.

Data on difficulties faced by disabled people is
inconsistent. For instance, a study by PwC was
contracted by Auckland Transport but not
published. The problem is important, barriers to
access impact negatively on wellbeing.



http://bit.ly/support-ODI

Name

Jade Farrar

Professor
Valerie Wright
St-Clair

Elise Copeland

Olivia Haddon

Role and Organization

of New Zealand
Incorporated

Member of the national
leadership team, Enabling
Good Lives, member of the
Disability Advisory Panel -
Auckland Council, former
Strategic Disability Advisor,
Te Pou o te Whakaaro Nui,
Improving the workforce
performance of mental
health, addiction and
disability services
Department of Occupational
Science and therapy, and
Co-director, AUT Centre for
Active Ageing

Principal Specialist Universal
Access and Design

Maori design specialist,
Auckland Design Office,
Auckland Council

Date

25.10.18

29.10.18

31.10.18

31.10.18

Notes

There is a lack of richness in data relative to
disabled people. Data tend to be aggregated,
anecdotal, estimated. There is a need for new ways
of understanding how disabled people move.
Disabled people are tired of being interviewed but
not heard. Research should lead to practical
recommendations.

Importance of considering older people’s
perspectives, and intersectionality (e.g., age and
not having English as the first language). Own
research on older migrants indicated number of
traffic-related topics.

There is no overview of the barriers faced by
disabled people. Pedestrians overall not much
valued. Need to better understand the diversity of
disabled people — e.g. neuro divergence,
experiencing very specific barriers. The interviews
should ask if anything has improved the access.
Value in interviewing care-givers.

Importance of including ethnicity lens, engaging
with Maori communities. Importance of investing
time into building the relationship.
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1E: Dissemination of findings with local stakeholders and professionals

Beyond the presentations at peer-reviewed conferences, cited at the start of the thesis, effort was made
to share findings with the local professionals and stakeholders. These include namely:

e Presentations to:
o Auckland Council design strategy team
o Auckland Transport (lunchtime learnings series)
o Waka Kotahi / NZ Transport Agency
o The Ministry of Transport (joint Ministry of Transport / Waka Kotahi Workshop)
e Ashort article for transport professionals' magazine (Roundabout)
e Meetings with
o Tiffany Robinson, Senior Active Modes Coordinator Sustainable Mobility
o Roselle Thoreau and Shrividya Vadi, Ministry of Transport
o Representatives of Connect Wellington and Living Streets Aotearoa
e Summaries shared with the Transport Knowledge Hub and local stakeholders

A technical report is also being prepared for local practitioners.

11



CHAPTER 2

12



2A: Reviews and scopes

Information on the codes used to characterise the scopes of the examined reviews

Code

Meaning

Values

Publ

N publications assessed

N

Examined determinants of walking (specifying correlations)

3D

Destinations availability and other high-level metrics, as determinants to walking

(destinations, distance, density; street connectivity is indirectly part)

.......... Objectively assessed (e.g. GIS)
.... Users' perception (e.g. survey)

.......... Objective OR users' perceptions, used interchangeably
.......... Objective AND users' perceptions, correlation

Qualities of the street environment as determinants to walking (walking
infrastructure, traffic, aesthetics, etc.)

.......... Objectively assessed (e.g. number of trees)

.......... Users' perception (e.g. survey)

.......... Experts' perception (e.g. audit)

.......... Objective OR users' perceptions, used interchangeably
.......... Objective AND users' perceptions, correlation

Individual characteristics - were the results presented for population sub-groups?

.......... Self-selection

1 (yes) /0 (no)

If yes: aspects assessed
1 (yes) /0 (no)
1 (yes) /0 (no)
1 (yes) /0 (no)
1 (yes) /0 (no)
1 (yes) / 0 (no)

If yes: aspects assessed
1 (yes) / 0 (no)
1 (yes) / 0 (no)
1 (yes) / 0 (no)
1 (yes) / 0 (no)
1 (yes) /0 (no)
1 (yes) / 0 (no)

1 (yes) /0 (no)

If yes: aspects assessed

1 (yes) /0 (no)

If yes: age limit considered
1 (yes) /0 (no)

Walking as an outcome (correlated with walkability features)

w-Lev
w-Sev

.......... Walking levels (number of trips per day/week, etc., or time walked)

.......... Severance, trips not made

Theoretical framework (development or testing)

1 (yes) /0 (no)
1 (yes) /0 (no)

Model-dvpt
Model-dvpt-detail

Model-test
Model-test-detail

Develops a theoretical model?

Name, background, objective of development
Tests a theoretical model?

Name, what is tested, objective

1 (yes) / 0 (no)
text
1 (yes) / 0 (no)
text

Critical appraisal of walkability

Walkability

Questions the meaning of walkability, takes a broader perspective

1 (yes) /0 (no)
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Study Barnett D.W., Barnett A., Nathan A., Van Cauwenberg J., Cerin E. ,2017 Cerin E., Nathan A., van Cauwenberg J., Barnett D.W., Barnett A. ,2017

Population Adults, mean age 65+ Adults, mean age 65+

Area

Walking outcome
Data reference

Total walking Total walking

Table 5, Associations of environmental attributes/correlates with older adults’ Table 3, Summary table of associations of neighbourhood physical

physical activity by physical activity and environmental measures (objective

environmental correlates of active travel in older adults (1)

P [] N pa Da (1) %@ % N P ] N pa Da (1) % @ %N
(2) (3) 3D - Destinations availability
P ! Composite walkability index* 4.37 3.63 0 0.001 45%
P ! Residential density/urbanisation* 8 14.5 35 0.036 P 56%
P Land-use mix—destination diversity* 1 8 2 0.439 @ 73%
P Retail floor area ratio na na na na na
P Street connectivity* 5.71 13.2 2 0.185 @ 63%
P Connected pedestrian infrastructure* na na na na na
P Overall access to destinations & services (distance to, availability)* 6.93 - 0.5 0.009 P 77%
P Acess to public transport (distance to, availability)* 5.5 11.5 1 0.011 P 64%
zP Parks/public open space (distance to, availability)* 6.05 - 0.17 0.014 P 79%
% Detail - availability of specific destinati (di to, availability)*
i) Shops/commercial* 858123142 0o o001 P 73%
P Food outlets* 0.72 6.28 1 0.873 [} 79% 13%
P Education* 0.14 2.85 0 0.826 @
P Health & aged care* 3.61 7.39 1 0.191 @ 62% 8%
P Recreational facilities* 5.5 11.5 1 0.011 P 64% 6%
P Social recreational facilities* 605/ 2378 017 0014 P 79%
P Jobs* na na na na na
Safety from crime* 10.49 2.5 0.027 P 68% 6% 2 3.14 0.667 [0] 76%
Design - "eyes on the street", active facades* na na na na na na na na na na
Lighting* (! Could be also comfort) na na na na na 1 3 0 0.29 ? 75%
Littering, vandalism, decay* (part of "aesthetics", for Haselwandte na na na na na 0.72 2.28 3 0.05 N 38%
Presence of people seen as threatening* na na na na na 2 - 3.14 0.667 ? 76% 15%
Presence of other people walking* na na na na na na na na na na
Presence of other people walking OR driving* na na na na na 2 1 0 0.024 P 33%
Presence of police* na na na na na na na na na na
Barriers to walking* na na na na na na na na na na
Barriers - incomplete walking infrastructure* na na na na na na na na na na
Barriers - not sufficient crossing facilities* na na na na na na na na na na
Barriers - footpaths design* na na na na na na na na na na
Barriers - footpaths maintenance / cluttering* na na na na na na na na na na
Detours, pedestrian network not allowing convenient use* na na na na na na na na na na
Absence of physical barriers* na na na na na na na na na na
Safety from traffic* s 3 0705 8 76% 9% sESES 151 o484 o 81% 6%
Safe and convenient crossing facilities* na na na na na na na na na na
Room for walking na na na na na na na na na na
Possibility to sit na na na na na 2 2 0 0.048 P 50%
Availability of public toilets na na na na na 0 2 0 1 (4]
Protection from sun/rain/wind na na na na na na na na na na
Low levels of noise na na na na na na na na na na
Air pollution na na na na na na na na na na
Noise na na na na na na na na na na
P Greenery, landscaping, "aesthetically pleasing" scenery* 10.51 - 0 0.002 P 65% 3.01 11.99 0 0.189 [0] 80% _
£ P Attractive zones for sitting / public spaces* na na na na na na na na na na
E P Liveliness, activation, diversity, complexity (interesting walking realm)* na na na na na na na na na na
5 P ! "Walk-friendly infrastructure" or "pedestrian-friendly features"* 5] 15 0 0.042 P 75% 6.76 - 1 0.024 P 70% 4%
&' P ! Good design (e.g. human scale, right enclosure)* na na na na na na na na na na
N Unkeep* na na na na na na na na na na
Total 93 263 18 95 155 14
Ratio significant unexpected / expected results 16% 10%
Ratio non-significant results 70% 59%
3Donly Total 62.2 175.4 12.3 72.7 63.3 2.0
Ratio non-significant results 70% 46%

Not
es

1  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

2 Expected direction of association: P (positive) or N (negative)
3 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 specific features

* 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 convenient crossing facilities" is part of a broader "safety from

Adults

Total walking
Extracted from 3.1. Summary of Study
Methods - see specific sheet for details (1)
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Da (1)

na
na
na

na

na

na

na

na

na

na

na
na

na
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na
na
na

Ewing, Cervero, 2010 Eisenberg, Vanderbom, Vasudevan, 2017

Not clear, a priori adults ("We excluded many Adults with disabilities
studies because they dealt with limited

Urban ér suburban

Total walking
Data source: Table A-7 Elasticity of walk trips (1)
with respect to density.

P [] N Da (1) P ] N Da (1)
na na na na 1 1 0 (1))
2 na 1 ] 1 1 0 1))
na 0 P na na na na
l| naI 0 P na na na
na 0 P 0 1 0 1))
2 na 0 P na na na na
na na na na 1 0 0 P
na na na na na na na na
na na na na na na na na
na na na na 0 0 0
na na na na 1 1 0 1))
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
3 na 0 P na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na na na na 0
na na na na na na na na
na na na na na na na na
na na na na na na na na
na na na na 0 1 0 1))
na na na na na na na na
na na na na na na na na
15 1 4 5 0
6% 0%
na 56%
15.0 1.0 4.0 4.0 0.0
50%

McCormack G.R., Shiell A., 2011
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"General walking", associated here with total w:
Table 1, Summary of associations between
built environmental attributes and physical

[

na

na

na
na
na
na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na

na
na
na

10

30%

7.0
31%

na

na

na
na
na
na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na

na

na
na

4.0

P

N

na

na

na
na
na
na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na

na

na
na

2.0

"Da (1)

na
na

na
na
na
na
na

=3

na

na

na
na
na
na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na

na

na
na



Study

Population

Area

Walking outcome
Data reference

Haselwandter, 2014

Adults,
65+

Total walking
Table 1 A Review of Measures and Results in
Studies Examining the Built Environment in

All studies

TOTAL

Total walking

N/(P+N)

From all studies that reported non-significant results

TOTAL

Total walking

%N

%@

TOTAL

Urban/suburban only

Total walking

Only studies focusing on urban realms

@ N

N/(P+N)

Ewing, Cervero, 2010

Not clear, a priori adults ("We excluded many studies because they de{

Data source: Table A-7 Elasticity of
walk trips with respect to density.

Grasser G., Van Dyck D., Titze S., Stronegger W., 2013

adults
"healthy, white (!) adults, older

Table 1, Number of studies
reporting significant associations

Feasibility

Pleasurabili

Not
es

T ©® © Y YV U U OO

=2 - B - B - B - - B -}

2 9 9 v v 9o

(3)
1

3D only

3D - Destinations availability

Composite walkability index*

Residential density/urbanisation*

Land-use mix—destination diversity*

Retail floor area ratio

Street connectivity*

Connected pedestrian infrastructure*

Overall access to destinations & services (distance to, availability)*

Acess to public transport (distance to, availability)*

Parks/public open space (distance to, availability)*

Detail - availability of specific destinati (di to,
Shops/commercial*
Food outlets*

ilability)*

Education*
Health & aged care*
Recreational facilities*

Social recreational facilities*
Jobs*

Safety from crime*
Design - "eyes on the street", active facades*
Lighting* (! Could be also comfort)
Littering, vandalism, decay* (part of "aesthetics", for Haselwandte
Presence of people seen as threatening*
Presence of other people walking*
Presence of other people walking OR driving*
Presence of police*
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*
Absence of physical barriers*
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
Greenery, landscaping, "aesthetically pleasing" scenery*
Attractive zones for sitting / public spaces*
Liveliness, activation, diversity, complexity (interesting walking realm)*
"Walk-friendly infrastructure" or "pedestrian-friendly features"*
Good design (e.g. human scale, right enclosure)*
Unkeep*
Total
Ratio significant unexpected / expected results
Ratio non-significant results

Total

Ratio non-significant results

Directions of associations after full adjustment for sample size and study quality;

Expected direction of association: P (positive) or N (negative)

Sign "!" placed in front of indicators not referring to a specific BE feature but rathe

Indicators reflecting the authors' categories; caution, authors' clustering and prim;

P @ N Da (1)
2.67 0.33 0.00 P
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Feasibility

Pleasurability

Not
es

Study McCormack G.R., Shiell A., 2011
Population Adults
Area

Walking outcome
Data reference

(2) (3) 3D - Destinations availability

P ! Composite walkability index*
P ! Residential density/urbanisation*
P Land-use mix—destination diversity*
P Retail floor area ratio
P Street connectivity*
P Connected pedestrian infrastructure*
P Overall access to destinations & services (distance to, availability)*
P Acess to public transport (distance to, availability)*
P Parks/public open space (distance to, availability)*
Detail - availability of specific destinati (di to, availability)*
P Shops/commercial*
P Food outlets*
P Education*
P Health & aged care*
P Recreational facilities*
P Social recreational facilities*
P Jobs*

Safety from crime*
Design - "eyes on the street", active facades*
Lighting* (! Could be also comfort)
Littering, vandalism, decay* (part of "aesthetics", for Haselwandte
Presence of people seen as threatening*
Presence of other people walking*
Presence of other people walking OR driving*
Presence of police*
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*
Absence of physical barriers*
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

P Greenery, landscaping, "aesthetically pleasing" scenery*
P Attractive zones for sitting / public spaces*
P Liveliness, activation, diversity, complexity (interesting walking realm)*
P ! "Walk-friendly infrastructure" or "pedestrian-friendly features"*
P ! Good design (e.g. human scale, right enclosure)*
N Unkeep*
Total
Ratio significant unexpected / expected results
Ratio non-significant results
3Donly Total
Ratio non-significant results
Directions of associations after full adjustment for sample size and study quality;

Expected direction of association: P (positive) or N (negative)
Sign "!" placed in front of indicators not referring to a specific BE feature but rathe

Indicators reflecting the authors' categories; caution, authors' clustering and prim;
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P @ N  N/(P+N)
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1 3 75%
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1 0 0%
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2C: Findings, continued: assessments of parts of the model

First author
and year

Aspects of the
model tested

Methods and setting

Limitations

Fancello 2020
[1]

Importance of
different levels of
the hierarchy of
needs and
associations with
demographic
characteristics

Survey (in person and
online) of residents of a
small Italian town.

N =358

Demographic characteristics associated with the relative
importance of different walking needs (e.g. pleasantness very
important for a cluster of mostly young, unemployed women
engating in PA and living in the city centre, but having low
importance for working women not engaging in PA)

No lens relative to trip purpose (examining
walking routes to points of the city
suggested by researchers)

No lens relative to types and levels of
disability

Nakamura
2020 [2]

Associations
between
demographic
characteristics, P,
and willingess to
walk

Use of virtual reality and
video footage of chosen
street environments, and
participant rating of
different indicators of
walkability

N =50

Demographic characteristics associated with P: indicators of
convenience and safety (legibility, presence of obstacles, or
safety of crossings) were better rated by:

o  Participants not owning cars
o  Participants familiar with the shown segment
o  Participants walking more ofen

Suggested associations between levels of the hierarchy of
walking needs: indicators of low level needs (convenience and
safety) were associated with indicators of high level needs
(comfort and attractiveness, including streetscape quality,
vibrancy, feeling of relaxation but also famiiliarity)

Limited sample non-representative of the
overall population (civil engineering
students aged 20-22, 48 males out of 50, a
priori non-disabled)

Familiarity coded as a part of the construct
“comfort and attractiveness”, while it
could be considered as an individual
characteristic

20
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3A: Methodology: search strategy

Overview

The search was based on (1) systematic database screening using defined search terms; (2) database

screening for reviews citing the papers on the development of the model.

The search strategy was designed considering the strategies used by recent related systematic reviews,

sensitivity tested and checked with a subject liaison librarian. The search terms focus on three topics:
1. Built environment: Local streets environments and elements of its quality

2. User: Users’ perceptions

3. Mode of travel: Access by own means, or walking

Databases

Given the interdisciplinary nature of this research topic, databases relative to several fields were
screened: health (CINAHL Complete, MedLline, Psycinfo, Sage Journals Public Health and SPORTDiscus);
urban design (Art & Architecture Complete); transportation (Transportation Research Board);
ergonomics and human factors (Ergonomics Abstracts); and social sciences (Humanities International
Index, SocINDEX, and Sage Journals Social Sciences and Sociology). The Journal of Transport and Health
is an important and recent publication, not indexed for now in the pre-cited databases, and is therefore
added to the sources. The detailed search strategy is presented below.

Types of study included

Systematic reviews, non-systematic reviews, and thematic syntheses.

Condition or domain being studied

This umbrella review is part of a broader research aiming at informing the social model of walkability
described above, and providing insights for street environment retrofits for Auckland, New Zealand.
Therefore, it focuses on urban/suburban environments and examine evidence from places that can a
priori be comparable to Auckland’s context. This comparability has been framed in terms of human
development index and car ownership, with thresholds defined below. The dimension of car ownership
has been included as a proxy for the focus on traffic in street design.

Participants/population

Participants are adults (defined as 18+). The focus on adults is informed by the scope of the broader
research, informing the social model of walkability explicitly for adults.

Intervention(s), exposure(s)

This analysis does not consider a specific intervention. This is a cross-sectional analysis where the street
environment participants face is considered the exposure. As per need of comparability presented
above, the “street environment” relates to (1) urban or suburban environments; (2) in countries a high
or very high Human Development Index (HDI) and levels of car ownership of 200 or more vehicles per
1,000 population. The conditions on the geographical context are imposed so to exclude situations that
could be considered as too different from New Zealand (having a very high HDI and an also high level of
car ownership, at 770/1000 residents).

Based on an initial scoping, we don’t expect a significant body of longitudinal evidence.

Comparator(s)/control
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As per above, the evidence is expected to be mainly cross-sectional, relating street environment
characteristics c1...x to perceptions p1l...y. Therefore, for each identified ci - pj pair, the review will note
the reviews’ findings on the correlation, indicating the population group at the detail noted by the
survey.

E.g. The objective characteristic “Absence of dropped curbs” could be linked with the perception
“difficulty of access”, and the correlation might be significant and negative for wheelchair users while
non-significant for able-bodied adults.

Main outcome(s)

The perceived satisfaction of the street environment in the context of meeting walking needs.

These perceptions are framed using the social model of walkability described above, referring to a
hierarchy ranging from the most basic needs (feasibility of the trip on foot) to the most sophisticated
ones (pleasure), covering aspects such as perceived barriers, (un)safety or (un)pleasantness.

Additional outcome(s)

If the reviews report a further relation to levels of walking, this is noted.
Detailed search strategy

Concepts and terms
Key concepts for the search
1. Built environment: Local streets environments and elements of its quality

2. User: Users’ perceptions

3. Mode of travel: Access by own means, or walking

Key words relative to each concept

Concept Search

Streets environment "urban form" OR "urban design" OR streetscape* OR street* OR "built
environment*" OR neighborhood OR neighbourhood OR "physical
environment*" OR "travel environment*" OR "road environment*" OR
"traffic volume" OR "traffic speed*"

Perception Perception* OR perceived OR subjective OR "self-report*" OR "self
report*" OR experience* OR feeling* OR "sense of" OR phenomenological
OR phenomenology OR pleasant* OR unpleasant OR easy OR ease OR
difficult* OR supportive OR enjoy* OR stress OR stressful OR threatening
OR barrier* OR obstacle* OR encourag* OR discourag* OR motivating OR
attractive OR unattractive OR worry OR fear

Walking or access walk* OR access* OR severance OR pedestrian* OR "foot traffic" OR
"physical activity" OR "active travel" OR "active mode*"

The concepts were tested alone and then combined, checking quickly the relevance of the results
obtained; the search terms were amended and adjusted.

Not all databases allow to filter efficiently for reviews. When this is an issue, the search is completed by
including “AND review*” in the search, to be looked up within the title or the abstract.

An additional search is done with the term “thematic synthesis” in the title, abstract or key words,
instead of the filtering by review status or using the search term “review™”.

Overall search
(Streets environment) AND (Perception) AND (walking or access) [AND review* OR “thematic synthesis”]
Test with Scopus: 180 reviews published in peer-reviewed journals/ in E-F-S-D.
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Period of publication

PROSPERO registration: 10 years, up to 23.3.2019.

Update: between April 2009 and November 2020. The rate of publication on walkability increased
strongly after 2009 (74% of the entries re “walkability”, in Scopus, date from 2009 or after). Starting
from 2009 allowed therefore to capture most of the evidence while reducing the risk of primary results

being repeated.

Databases

e EBSCO - Art & Architecture Complete, Australia/New Zealand Reference Centre, CINAHL
Complete, eBook Collection (EBSCOhost), Ergonomics Abstracts, Humanities International Index,
MEDLINE, SocINDEX with Full Text, SPORTDiscus with Full Text, OpenDissertations

e Scopus

e Transportation Research Board

e Sage Journals Public Health, Social Sciences, and Sociology

e Journal of Transport and Health

Inclusion criteria

Dimension

Inclusion criteria

Streets environments
and their qualities, or
Built Environment (BE)

Review examines specific objective aspects of the quality of the built
environment (BE) as dependent variable influencing people’s perceptions (P)

Perception of /
satisfaction with the
walking environment (P)

Review reports on specific elements of satisfaction regarding the walking
environment as the outcome variable

Walking / wheeling (w)

Review reports the elements above in relation to specifically to walking or
wheelchair as transport modes (and not for instance "active modes", that can
induce confusion mixing possibly different needs for modes such as walking or

cycling)

Population

Adults (18+), or reviews examining adults and children, or urban and rural
living, but reporting clearly for adults.

Review design and
primary studies
examined

Systematic peer-reviewed literature reviews and review-type of documents
from selected stakeholders (considered separately); Both quantitative and
gualitative considered; Both individual or community level considered

Language

English, French, Spanish or German

Geographical area

Exposure: urban/ suburban streets environment.
Review presents data for contexts that can be comparable with New Zealand.
The criteria set for this are:

Human Development Index: Countries with high or very high HDI (NZ: very high)
Car ownership: countries with over 200 cars / 1,000 population (NZ 770)
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3B: Data extraction

Data relative to the literature review

Data relative to the associations between objective WE characteristics and perceived walkability

Code Year First author Title Aim Population,  Population, Setting (urban/ N primary  Quality Code Associations - direct quotes Reference Geographic area
ages impairments  rural) studies score [1-7]
LR2-1 2018 Bruggencate, Social needs of older "give more 65+ Community-  Not defined na 6 2 Pubs, churches and other third places provide social connectedness. Rather than age Buz et al, 2014 Spain
T.T. people: A systematic insight into the dwelling, but related facilities inter-generational access is preferred.
literature review social needs of not more
older people" detail
LR2-2 2017 Bullough, John Real-World implicit: examine not specified not specified suburban na 1 10 Paskovic found that bollard luminaires in pedestrian areas reinforced “an inviting public Paskovic, 19 Canada (Vancouver)
D Demonstrations of  effects of better realm” (19)
Novel Pedestrian lighting at 11 The color of illumination can also play a role in impacting pedestrian perceptions of Daley (21), Belcher et al Daley (21) - US
Crosswalk Lighting  pedestrian personal security. Several studies of “white light” for outdoor use have been made in (22), Rea et al (23), Knight Belcher et al (22) -
crossings which the white illumination from such light sources as mercury vapor lamps, metal halide (24) not clear
(MH) lamps, fluorescent lamps, and LEDs was compared with the yellowish illumination Rea et al (23) - not
from high-pressure sodium (HPS) lamps. HPS lamps are the most commonly used light clear
source for outdoor lighting in the United States (20). Daley reported that individuals Knight (24) - not
judged outdoor college campus lighting using MH lamps as producing brighter illumination clear
that reinforced safety more than lighting using HPS lamps (21). Belcher et al. compared
the responses of residents to MH and HPS street lighting, finding preferences for MH over
HPS (22). Rea et al. performed a series of field experiments under MH and HPS lighting;
under MH, streets were judged as brighter and safer than under HPS (23).
Knight also reported that neighborhoods illuminated by MH lamps were judged as
brighter, safer, and more comfortable than those lighted by HPS (24).
12 Knight also reported that neighborhoods illuminated by MH lamps were judged as Knight (24) Not clear
brighter, safer, and more comfortable than those lighted by HPS (24).

LR2-3 2017 Carr, K. Universal design: A conceptualise "Older" not specified Not defined NA 1 13 Although accessible and adaptable design features provide accommodations that could be 16. Story MF, 1998; Not clear; a priori
step toward role of BE and UD adults, helpful for older adults, these features are often fixed in place and noticeable [59] and 60. Audirac |. 2008 Western societies,
successful aging in older adults'  without may promote a sense of segregation among end-users [16] and of stigmatization as being because UD

participation precise “seniors” or “disabled” [60].
definition
LR2-4 2017 Fotios, S Road lighting and identify evidence not specified not specified Urban or rural NA 1 14 Loewen et al. 21 who compared photographs of scenes in daylight [...] and at night [...]. Loewen et al. 21 Loewen et al. 21 - not

pedestrian
reassurance after
dark: A review.

on correlations
between road
lighting and
reassurance

[Participants systematically noted as "safer" well lit situations; for the situation of no open
space and no refuge, the rating of safety was approximately 5 times higher with light]
Hanyu 22 also sought ratings of items including safety whilst observing photographs of real
locations, [...]and found a relationship between ratings of safe and lighting that was
considered to be bright and uniform.

Bishop and Rohrmann 25 compared evaluations of an outdoor environment in a real
outdoor space and a video simulation [...] of the same environment, under both night-time
and daytime conditions. The simulated environment did not yield the same results as the
real environment: Evaluations made from the simulation tended to overrate the negative
effects (e.g. disliking and threat) and under-rate the positive effects (pleasure, naturalness
and overall liking). Information recall was found to be more accurate in the real
environment

Nair et al. 28 carried out before and after surveys following improvements to street
lighting in a residential area in Glasgow, resulting in a 6% reduction in the number of
people worried about assault and harassment. However, the reported changes in opinions
are not statistically analysed and the changes are small (e.g. 6% means two of the 33
respondents changed opinion).

Koga et al. 30 sought on-road ratings of the visual environment, concluding that feelings of
security increased in light and busy streets: factor analysis derived five common factors
from the evaluated items (liveliness, order, openness, intimateness and unity) and lighting
was essential to every factor.

Hanyu 22
Painter 26, 27
Nair et al 28
Koga et al 30

clear

Hanyu 22 - not clear
Painter 26, 27 - not
clear

Nair et al 28 - UK
Koga et al 30 - Japan
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Data relative to the literature review

Data relative to the associations between objective WE characteristics and perceived walkability

Code Year First author Title Aim Population,  Population, Setting (urban/ N primary Quality Code Associations - direct quotes Reference Geographic area
ages impairments  rural) studies score [1-7]

17 Koga et al. 30 sought on-road ratings of the visual environment, concluding that feelings of Koga et al 30 Japan
security increased in light and busy streets: factor analysis derived five common factors
from the evaluated items (liveliness, order, openness, intimateness and unity) and lighting
was essential to every factor.

LR2-5 2012 Hand, Carri Neighborhood Identify Older adults - Chronic health Not explicitely 15 6.5 18.1  Low neighborhood economic status is associated with [...] difficulty in ADL and community (Beard et al., 2009; Not clear
Influences on neighbourhood atleast half  conditions specified, mobility participation (Beard et al., 2009), and difficulty in ADL participation for men Freedman, Grafova,
Participation Among characteristics the sample "neighbourhood" (Freedman, Grafova, Schoeni, & Rogowski, 2008). Area economic advantage also Schoeni, & Rogowski, 2008
Older Adults With  related to was age 55 decreases the likelihood of difficulty in IADL participation in men when controlling for - men only)
Chronic Health participation, in  years or more demographic variables but not when controlling for other neighborhood characteristics
Conditions: A older adults (Freedman et al., 2008).
Scoping Review. 18.2 Low land-use diversity is associated with lower independence in IADL participation in (Clarke & George, 2005).  Not clear
people with lower extremity functional difficulties (Clarke & George, 2005).

18.3  Street connectivity,[...] is linked to less difficulty in IADL participation in men (Freedman et (Beard et al., 2009; Not clear
al., 2008). Street characteristics, including low density of intersections, are also related to Freedman, Grafova,
difficulty in community mobility (Beard et al., 2009). Schoeni, & Rogowski, 2008

- men only)

18.4  Low housing density, another indicator of lower walkability, is linked to lower (Clarke & George, 2005).  Not clear
independence in ADL participation among older adults with lower extremity functional
limitations (Clarke & George, 2005).

LR2-6 2016 Hartig, T. Living in cities, [Implicit: how not specified no restriction/ urban na 1 19 Complementing what people have long said they seek through outdoor recreation and T. Hartig, R. Mitchell, S. de Not clear
naturally natural features focus substantiating theoretical claims, laboratory and field experiments have repeatedly shown Vries, H. Frumkin, Annu.
can contribute to that spending time in natural environments or viewing scenes of nature can quickly help  Rev. Public Health 35,
psychological people to lift their mood, improve their ability to direct attention, and reduce physiological 207-228 (2014)
benefits] arousal to a greater degree than do urban streets and other comparison conditions (2, 8).
T. Hartig et al., in Forests,
Notes that (1) "nature" can mean different things and different people can experience Trees and Human Health,
contact with nature in very diverse settings, from urban environments to wilderness, and K. Nilsson et al., Eds.
(2) important potentials for urban areas include parks but also views on water and land,  (Springer, Dordrecht,
and connected pathways for walking and biking. 2011), pp. 127-168
LR2-7 2017 Hasan, R. Utilization of Identify factors  not specified no restriction/ notclear, a priori 19 2 20 The second most important cause for not using the footbridge is the distance from its Mutto, et al. [25] Uganda
footbridges: influencing the focus rather urban location, where pedestrians will find this distance as a waste of time to walk towards it,
Influential factors use of especially if they found themselves farther than 100 meters away from this footbridge
and improvement  footbridges [25].
proposals 21 By their limited physical ability due to their age, elderly people who try to cross the street Chengalur, Rodgers, and  Not clear
will avoid the footbridge as it is a cause of extra effort when ascending the stairs, where Bernard, 2004 [31]
sometimes the slope of the stairs carriage is more than 40 degrees [31].
[In conclusion:] The participation of elders showed that they did not use the footbridge in
large numbers, mainly because of the efforts spent on ascending the stairs, especially if
they were carrying bags.

22 On the other hand, the footbridge was considered as a safe facility to be used and this was Hidalgo-Solérzano, etal.  Hidalgo-Soldrzano, et
the most cited factor for the high rate of usage. The stated factor which was expressed by [12], Soltani and Mozayeni al. [12] - Mexico city
most people of the studied population [12, 14, 25] refers to their sufficient realization of ~ [14] - esp. older adults, Soltani and Mozayeni
footbridges' benefits, which confirms that in some level of education, introducing the new carrying bags, Mutto, et  [14] - Iran
generation of public to the safety concepts and to the purpose of these existed structures al. [25] Mutto, et al. [25] -
as a life savior when crossing the street, is an essential task for safer walking. Uganda

LR2-8 2015 Hunter, Ruth F. The impact of assess not specified no restriction/ urban 12 5.5 24 Intervention: Greening of vacant urban land (n % 4436) (>725,000 m 2 ) from 1999 to 2008 Branas et al 2011 USA

interventions to
promote physical
activity in urban
green space: A
systematic review
and
recommendations
for future research.

effectiveness of focus
measures to

promote PA in

urban green

spaces

involving removing trash and debris, grading the land, planting grass and trees, installing
low wooden fences around perimeter; maintenance activities performed multiple times/
year

Outcome: residents reporting less stress and more exercise (p < 0.01)
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Data relative to the literature review

Data relative to the associations between objective WE characteristics and perceived walkability

Code Year First author Title Aim Population,  Population, Setting (urban/ N primary Quality Code Associations - direct quotes Reference Geographic area
ages impairments studies score [1-7]
LR2-9 2009 Jacobsen PL Who owns the examine effects not specified no restriction/ Not specified na 0.5 25 Neighbours are less likely to know and trust each other in neighbourhoods with high traffic Appleyard D. Livable USA
roads? How of traffic on focus volume. street, 1981.
motorised traffic walking and Residents felt their delay in crossing streets increased as traffic volume increased. Appleyard D. Livable USA
discourages walking cycling street, 1981.
and bicycling.
LR2-10 2014 Karndacharuk, A Review of the inform the not specified no restriction/ urban na 0.5 27 As also given in Table 1 in the Calmed Street category, there are a number of well-known  Appleyard, 1980; A 1980 - USA
A Evolution of Shared evolution of the focus techniques that give an emphasis on residential and people interaction to enhance the Appleyard et al., 1981; A 1981 - USA
(Street) Space shared space place function by diminishing the (vehicular) movement efficiency. These include ‘Liveable ODT, 2002, Bain, Gray, & ODT 2012 - USA
Conceptsin Urban  concept from a Street’ (Appleyard, 1980; Appleyard et al., 1981; ODT, 2002), ‘Living Street’ (Bain, Gray, & Rodgers, 2012;L A C,2011, LA C,2011 - USA
Environments NZ perspective Rodgers, 2012;L A C,2011), ‘Civilised Street’ (CABE, 2008; LCC, 2010) and ‘Complete CABE, 2008; LCC, 2010, CABE, 2008 - UK
Street’ (Kingsbury, Lowry, & Dixon, 2011; Laplante & McCann, 2008; North Carolina Kingsbury, Lowry, & Dixon, LCC, 2010, - USA
Department of Transportation, 2012), and ‘Road Diet’ (Huang, Stewart, & Zegeer, 2002; 2011; Laplante & McCann, Kings. 2011 - Not
Rosales, 2006). Nevertheless, these approaches do not specifically aim at removing the 2008; North Carolina clear
segregation indicator between vehicles and pedestrians. Department of Lapl. 2008 - Not clear
The diagram also recognises supplementary functions towards the surrounding area and  Transportation, 2012, NCDT 2012 - USA
land-use activities outside the road reserve, such as economic, social, cultural, historic and Huang, Stewart, & Zegeer, Huang 2002 - Not
environmental amenity, that contribute to the formation of ‘sense of place’ within the 2002; Rosales, 2006 clear
public space. Rosales, 2006 - Not
clear
28 Similar design features included a level, paved surface and minimum signage and marking. DfT (2010a) and Moody UK
(2) Majority of intersection space (approximately 72%) allocated for vehicle movement and Melia (2011)
and turning with little provision for staying activities. (3) Speed limit of 20 mph (32 km/h);
Based on perception surveys, the majority of pedestrians worried about sharing space
with vehicles (72%) and preferred conventional design (64%)
29 Similar design features included a level, paved surface, minimum use of signage and BHCC (2011a, 2011b), DT UK
marking, street furniture for pedestrian occupancy, trading activity, and entry and exit (2010a) and Flow (2012)
signage. (2) Safe zone was provided, but in some areas conflicting with seating and trading
areas. (3) Speed limit of 20 mph (32 km/h);
Based on perception surveys, both general public (99%) and businesses (93%) supported
shared street upgrade
30 Similar design features included a level surface, minimum road signage and marking and  Hamilton-Baillie (2008b), Netherlands
street furniture for pedestrians such as trees, lighting and fountains. (2) Roundabout NHL (2007) and Shared
intersection with road surface marking. (3) Provision of formal (zebra) pedestrian crossings Space (2005, 2008a)
and informal crossings using speed tables. (4) Pedestrians segregated from vehicles via
different surface materials;
Based on perception surveys, the perception of road safety declined (from 30% to 45%,
rating ‘moderate’ or ‘bad’) while perception of personal safety improved (from 71% to
81%, rating ‘reasonable’ or ‘good’)
31 Similar design features included a level surface, minimum road signage and marking and  Hamilton-Baillie (2008b), Netherlands
street furniture for pedestrians such as trees, lighting and fountains. (2) Roundabout NHL (2007) and Shared
intersection with road surface marking. (3) Provision of formal (zebra) pedestrian crossings Space (2005, 2008a)
and informal crossings using speed tables. (4) Pedestrians segregated from vehicles via
different surface materials;
Based on perception surveys, the perception of road safety declined (from 30% to 45%,
rating ‘moderate’ or ‘bad’) while perception of personal safety improved (from 71% to
81%, rating ‘reasonable’ or ‘good’)
LR2-11 2017 Orstad, A Systematic Review (1) Examine All ages; 28% no restriction/ Urban or rural 85 5 32 Destinations/Land use mix; % agreement : 13.0-95.0 ; significant in 18 pairs, nsin 1 2,3,4,7,16,18,25,42,47 ,49, all studies:
Stephanie L. of Agreement evidence on of studies focus 54,58,78 Northern America
Between Perceived agreement included Residential density: 2 studies examining a total of 2 associations; level of agreement 60.3- Arvidsson, 2011; Gebel, (49)
and Objective between O and P children too 76.2%, fair/good inter-rater agreement (0.21-0.48) 2009 Australia NZ (18)
Neighborhood neighbourhood Street connectivity; % agreement : 53.0-63.7, ICC=.02 (poor), not correlated Arvidsson, 2011; Gebel, Europe (12)
Environment measures and 2009; Koohsari, 2014; Asia (6)
Measures and influence of Carlson, 2014
Associations With possible
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Data relative to the literature review

Code

Year

First author

Title

Physical Activity
Outcomes.

Aim Population,  Population,
ages impairments

confounders.

(2) Examine how

O and P correlate

with PA

Setting (urban/
rural)

N primary Quality

studies

score [1-7]

Data relative to the associations between objective WE characteristics and perceived walkability

Code

Associations - direct quotes

[From detail data received from the first author, 7.6.19:

Availability of footpaths or walking trails

Ten studies examined 12 pairs of associations between objective measures and
perceptions. No pair had a good Kappa value or level of agreement. Six of the seven pairs
where levels of agreement were examined have values above 40%, with a wide variation
(46% to 93%). For walking trails, odds ratio was 1.4, p<0.05. Overall, 40% of the pairs have

a fair association.

Reference

McAlexander, 2012,
Abildso, 2007; Ball, 2008;
Boehmer, 2006; Kirtland,
2003; Michael, 2006;
Reed, 2004; Bailey 2014,
Lee, 2014, Prins, 2009

[From detail data received from the first author, 7.6.19:

Availability of public transport stops

Four studies examined 4 pairs of associations between objective measures and
perceptions. Inter-rater agreement was 0.04 (very low), and linear correlation was poor

(r=-.35, p<.001)

Boehmer, 2006; Dewulf,

2012; McCormack; Adams,

2009

[From detail data received from the first author, 7.6.19:

"Heavy traffic" / busy street as a barrier

Two studies examined 7 pairs of associations between objective measures and
perceptions. Inter-rater agreement was good in one case (0.59, busy street barrier,
Troped, 2001) and low/none in the others.

Troped, 2001, McGinn,
2007

[From detail data received from the first author, 7.6.19:

"High speed traffic"

One study examined 6 pairs of associations between objective measures and perceptions.
Inter-rater agreement was low/none (less than 0.14).

McGinn, 2007

[From detail data received from the first author, 7.6.19:

Availability of recreation/PA facilities/coast;inter-rater agreement was good in only one of
the 44 tested pairs (coast, k=0.66, Ball, 2008), and at least 11 of the 18 pairs tested for
levels of agreement were above 40%. Very large variability amongst results and methods
of assessment (but also facilities considered).

% agreement : 23.0-91.0; significant in 29 pairs, ns in 17; It was not possible to distinguish
between indoors and outdoors recreation

2,4,5,7,16,32,34,35,40,
44,47,49,54,64,65,70,73,
78,97

[From detail data received from the first author, 7.6.19:

Availability of Parks/Green space: % agreement ranged between 18 and 97% in the nine
pairs tested, with fair evidence of linear correlation (r=0.54) across 13 studies for parks,
but a low and negative correlation for "green spaces" in one study (r=-0.19, p<0.05,

Bringolf-Isler, 2010)

Boehmer, 2006; Jilcott,
2007; Lackey, 2009;
Maddison, 2009;
Macintyre, 2008;
Mccormack, 2008;
Michael, 2006; Prins,
2009; Tilt, 2007; Adams,
2009; Bailey, 2014;
Dunton, 2014; Hu, 2013,
Bringolf-Isler, 2010

[From detail data received from the first author, 7.6.19:

Footpaths maintenance

Two studies examined 2 pairs of associations between objective measures and
perceptions. One pair had a good level of agreement on path condition (84%,
McAlexander, 2012), the other had a low inter-rater agreement (kappa-0.1)

McAlexander, 2012,
Kirtland, 2003

[From detail data received from the first author, 7.6.19:

Trees along the streets

One study examined 2 pairs of associations between objective measures and perceptions.
Kappa statistic was poor (0.2), level of agreement 52%, and the constructs were not
correlated linearly (r=0.06, ns)

Adams, 2009

[From detail data received from the first author, 7.6.19:

Exhaust fumes

One study examined 1 pair of associations between objective measures and perceptions.
Kappa statistic and level of agreement were not provided, and the constructs were not
correlated linearly (r=0.09, p<0.05)

Adams, 2009

Geographic area
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Data relative to the literature review

Data relative to the associations between objective WE characteristics and perceived walkability

Code Year First author Title Aim Population,  Population, Setting (urban/ N primary Quality Code Associations - direct quotes Reference Geographic area
ages impairments  rural) studies score [1-7]
[From detail data received from the first author, 7.6.19: Boehmer, 2006; Tilt 2007;
Availability of shops Adams, 2009; Bailey, 2014;
Seven studies examined 29 pairs of associations between objective measures and Macdonald, 2013, Dewulf,
perceptions. For 27 pairs, kappa statistics and/or levels of agreement are reported. Five 2012, Michael, 2006
show good evidence of association, and seven a fair evidence. Overall, 44% of pairs show
good/fair kappa or agreement. For six pairs, coefficients of correlations were examined,
and all are below 0.36, p<0.01]
[From detail data received from the first author, 7.6.19: Kirtland, 2003; Adams,
Street lighting in the neighbourhood 2009
Two studies examined two pairs of associations between objective measures and
perceptions. Inter-rater coefficient was poor (k=0.19) and there was no evidence of linear
correlation
LR2-12 2016 Pfeiffer, Deirdre Planning for Happy identify how not specified no restriction/ urban or rural na 1 46 For instance, residents living in neighborhoods with buildings that have more street J. Wilson & Kelling, 1982  Not clear
Neighborhoods. planners can focus neigihbourhoods frontage and windows facing the street may be more aware of what is happening in the
contribute to neighborhood and able to contest threats to personal security (J. Wilson & Kelling, 1982).
residents’ [...] Research has established a link between residents’ perceived personal security and
happiness, at the their level of happiness. The results are conclusive: People who live in places they perceive
neighbourhood as threatening their personal security tend to be less happy (Cutrona, Russell, Brown,
level Clark, & Hessling, 2005; Dolan et al., 2008; Lelkes, 2006; Morris, 2011).
47 A rich body of research has since confirmed links between access to open, natural, and Akers et al., 2012; L. Akers et al., 2012 -
green environments and happiness (Akers et al., 2012; L. Campbell & Wiesen, 2010; Campbell & Wiesen, 2010; Not clear
Kaplan, 2001; Wells & Laquatra, 2010). Access to these spaces can occur at different Kaplan, 2001; Wells & L. Camp. 2010 - Not
scales, from a window overlooking a grassy lawn or forest to living near a regional park. Laquatra, 2010; Loukaitou- clear
Windows offer a brief respite from other activities with little effort (Kaplan, 2001). Parks,  Sideris, Levy-Storms, Chen, Kaplan, 2001 - Not
community gardens, botanical gardens, building exteriors, and rights-of-way are examples & Brozen, 2016; Wells &  clear
of restorative open spaces that may make people feel happier (L. Campbell & Laquatra, 2010; Loukaitou- Wells & Laqg., 2010 -
Wiesen, 201). Access to active, green environments may be especially important to Sideris et al., 2016 Not clear
seniors' happiness (Loukaitou-Sideris, Levy-Storms, Chen, & Brozen, 2016; Wells & Louk. et al., 2016 -
Laquatra, 2010). Research shows that seniors who use or live near parks report better USA
physical and mental health, including happiness; however, parks must offer appropriate
facilities and programming to attract seniors (Loukaitou-Sideris et al., 2016).
48 Morris (2011) finds that living near subways is associated with being happier. Brereton Morris 2011, Brereton et  not clear
et al. find no relationship between living near public transit and happiness in their survey al 2008 Ireland
of 1,500 Irish people [...]
49 Brereton et al. find no relationship between living near public transit and happiness in Brereton et al 2008 Ireland
their survey of 1,500 Irish people, yet those who live closer to major roads are less happy.
54 A study of 720 African-American mothers living in small to mid-sized U.S. cities fi nds that  Cutrona et al., 2005 USA
those who live in more disadvantaged neighborhoods with greater social disorder, as
measured by dilapidation, delinquency, and substance abuse, are unhappier, particularly
after undergoing a negative life event (Cutrona et al., 2005).
LR2-13 2018 Vos, M.C. Cleanliness present an not specified no restriction/ streets and indoors 46 4 53 Lagrange et al. (1992) found that people exposed to signs of disorder (e.g. graffiti, Lagrange ,R .L., Ferraro ,K USA
unravelled: a review overview of focus unreturned shopping carts and visible violation of rules) had less positive perceptions of  .F. and Supancic,M .,
and integration of  stimulus - risk and more fear of crime. 1992
literature organism -
response

variables related
to cleanliness
(objective
aspects -
perceptions -
behaviours)
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3C: Methodological Quality Assessment results

Dimensions of assessment, from MQC

Code used in the table, next page

1 Is there a well-defined question? 1_Question
Are the participants defined? 1.1_participants?
Are the interventions/exposures defined? 1.2_intervention?
Are the examined outcomes defined? 1.3_outcomes?
Are the study designs defined? 1.4_designs?

2 Is there a defined search strategy? 2_Strategy
Is at least one database named? 2.1 _Database_named?
Is the type of search noted (reference, hand searching, 2.2_Type_search?
citation follow-up or expert contact)?

3 Are inclusion / exclusion criteria stated? 3_IncExcCrit
Rules re participants 3.1 Participants
Rules re intervention 3.2_Interventions
Rules re outcomes 3.3_Outcomes
Rules re design 3.4 _Designs

4 States numbers of studies of each design included? 4 PrimStDesigns

5 Have the primary studies been quality assessed? 5_PrimStQual

6 Have the studies been appropriately synthesised? 6_Synth

7 More than one author involved at each stage? 7_XCheck

Additional, from Gebel et al: Code used

Al  If older pedestrians (65+) were included, were the A_Segm_Age
associations specified for them?

A2  Ifif people with impairments were included, were the A_Segm_Imp

associations specified for them?
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Key study information Methodological Quality Checklist (MQC)*: seven dimensions Additional criteria from Gebel et al**

# Year  First author Design Outcome:  Outcome # Population, ages  Population, impairments Setting Is there a well Is there a Are inclusion  States Have the Have the studies Morethan  Total  If older pedestrians If if people with Grand total
Perceptions  Perceptions defined defined / exclusion numbers of  primary been one author (65+) were included, impairments were
question? search criteria studies of studies been appropriately involved at were the included, were the
strategy? stated? each design  quality synthesised? each stage? associations associations
included? assessed? specified for them? specified for them?

0.5 0.5
LR2-2 2017 Bullough, John D Review Effects of brighter  not specified not specified suburban 0.5 0 0 0 0 0.5 0
lighting at
pedestrian crossings
LR2-3 2013 Carr, K. Review Participation "Older" adults, not specified Not defined 0.5 0 0 0 0 0.5 0
without precise
definition
LR2-4 2015 Fotios, S Review Reassurance not specified not specified Urban or rural 0 0.5 0
0 0.5 0.5
LR2-6 2016 Hartig, T. Perspective paper Psychological not specified no restriction/ focus urban 0 0.5 0
benefits
Hasan, R. Review Use of footbridges  not specified no restriction/ focus not clear, a priori 0 0 0 0.5 0 2 0.5 0.5 3

rather urban

not specified no restriction/ focus Not specified

2009 Review

LR2-10 2014 Karndacharuk, A. Review not specified no restriction/ focus urban

Jacobsen PL

0 0 0 0 0.5

Pfeiffer, Deirdre Review Happiness not specified no restriction/ focus urban or rural
neigihbourhoods

LR2-21 2019 Wilkie, Stephanie Scoping review Health and not specified no restriction/ focus urban, from post-
behaviours industrialised
countries
LR2-22 2019 Badland, H Review Health inequities no restriction no restriction/ focus urban, in "developed 0
countries"

* Bambra, C., Gibson, M., Sowden, A. J., Wright, K., Whitehead, M., & Petticrew, M. (2009). Working for health? Evidence from systematic reviews on the effects on health and health inequalities of organisational changes to the psychosocial work environment. Preventive Medicine, 48(5), 454—-461. https://doi.org/10.1016/j.ypmed.2008.12.018

** Gebel, K., Ding, D., Foster, C., Bauman, A. E., & Sallis, J. F. (2015). Improving Current Practice in Reviews of the Built Environment and Physical Activity. Sports Medicine, 45(3), 297-302. https://doi.org/10.1007/s40279-014-0273-8

Color coding
Key study informations MQC<=2
Assessment: MQC and additional criteria
0 Criteria not fulfilled
0.5 Criteria partially fulfilled
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4A: Questions, Auckland Transport Active Modes Survey 2018

Excerpt from the 2018 survey questionnaire — TRA, Auckland Transport [3].

Code Question Possible answers Asked to

S7_1 Do you have any disability or impairment that affects your ability to y/n (coded 2/1) all
walk?

A6_1 On average, how often do you [walk for 10 minutes or more at a 1 Never / Virtually never ! only non-disabled
time], for any reason? 2 Less than monthly participants (S7_1=1)

3 Once or twice a month

4 0nce aweek.....cooeeeeeeeennnns
5 2-4 Days per week

6 5 Days per week or more

Q2 Thinking about the past week, how many times did you use each Number of trips for each All those who did
mode of transport when travelling for these occasions? (list of 11 occasion and each mode declare traveling for
possible purposes such as work or shopping, + "some other the different
occasion") occasions

Q10 From the list below, what are the key reasons you choose to walk? y/n for each possible IFA6_a =2-6
Please select all that apply motivator (coded 1/0) (WALKERS), excluding

people with
Possible motivatorQ10_ disabilities becausee
There’s no other way to get where | need to go not asked question
Keeps me fit / helps me get fitter A6_a
'S FUN.ceeeeee e,
Saves money
SAVES TIMIE ceiiiiiiiiieee ettt e e e st e e e e e nnre e e e e e eens
More consistent travel tIMe ......ccceeveevriercieenieceeeeeree e 5
Avoids parking hassles..........coocviiiiiiieciiec e 6
Availability of paths / walking routes .........ccceeeeevveeeereeecreccee e 7
Helps reduce traffic congestion .........cc.ceeveeviieveeniennieceeeneeee 9
Helps address environmental CONCEINS.......cueevevieeeriieeiiiieeeieee s 10
Provides me with some ‘Me time’ ......cccevvueeveeriienieeeeie e 11
Allows me to enjoy the weather..........ccccceeeiiieeiiie i, 12
Better routes are available than previously ........ccccccoeeenieriieninens 13
Other (Please SPECITY)....cccuecceeriieceecieecie ettt see e e 97

Ql1 Sometimes people tell us there are things that stop them from y/n for each possible barrier ! only able-bodied, =

walking as much as they otherwise would. When it comes to walking  (coded 1/0) S7_1=1

in Auckland, which of these statements, if any, apply to you? Please
select all that apply

(o T3] o1 [l o - [ o 41T SR
It's not enjoyable because of the hills .......
It’s not enjoyable because of the weather
| don’t feel safe walking in the day .......ccccceeveeriiieniinncnieceeee
| don’t feel safe walking in the dark .........ccocviiiiiiiiiiiiiniiiecieees

| live too far away for it to be practical ......cccevveeveveiiieniieieeceee 4

Walking is not a quick way for me to get where I need to go ............ 5

The pavements/footpaths in my area are not in a good condition ... 9

I can’t be bothered/too much effort ........ccocoeevvecveceniininenereee 15

| always have too much stuff to carry ......ccoeceeeecieeciiiiecceeeceees 16

I have to think about transporting other people .......ccccecvveiveenenee. 17

Walking adds too much to my journey time ........ccccceevvieeeniveeennnns 22

Walking routes are boring, not very attractive ..........ccccceeeviveennnnnn. 23

| don’t know how long it would take to walk .........cccccveeveiiieniinnnnns 24

Some other reason (please SPecify) .......cccceveeervveeieecienieeeieennnnns 97

B8 Which of the following statements best describes you when it comes  Please select one only IFA6_a=2-6

to walking, and the amount of walking you do? I only walk if  have to 1 (WALKERS), excluding
I would like to walk less ...... 2 people with
I am happy with the amount disabilities becausee
of walking 1 do ......ccceevenen. 3 not asked question

| would like to walk more ....4 A6_a
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Code Question Possible answers Asked to
B14 In general, how safe do you feel / would you feel walking during the Ranking, from 0 - "Not at all I only able-bodied, =
daytime- safe" to 10 - "Extremely S7_1=1
safe", + Don’t Know (coded
_1In relation to traffic and vehicles? 99)
_2 In relation to crime?
_3In relation to hazards that can cause you harm or to trip and fall?
B15 In general, how safe do you feel / would you feel walking during the Ranking, from 0 - "Not at all ! only able-bodied, =
night time- safe" to 10 - "Extremely S7_1=1
safe", + Don’t Know (coded
_1In relation to traffic and vehicles? 99)
_2 In relation to crime?
_3 In relation to hazards that can cause you harm or to trip and fall?
Q15 And thinking about these trips you made in the last week. Would it Please select one only for People who did make
be reasonable to walk for any of these? each type of trip trips for these
It isn’t reasonable occasions but by other
| could, but | don’t mode.
Do it occasionally
Already do this often
Q18 Overall, how do you view the current state of walking in Auckland? Ranking, from O - "Very poor"  All

Please give us your opinion, even if you don’t walk much yourself. ...

to 10 - "Very good", + Don’t
Know (coded 99)
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4B: R code

HAHHRRHRARH R H R R
HAHBRBH AR R RBRHAAAH BB RRERAAA R R BRRAAAHRRRER R R RRRAAAAAHERRRA
###

### Predicting walking as a dichotomous outcome

### GBM

### 5.0b

### walking: tertile 1 vs 3, reduced set of variables

### TEST OF DEPTHS

### September 2019

###

HAHBBBH AR RBRHHAA BB BB A R R R BB R BB R RS RRRA
i e e e

# SetUP —— - - oo oo
setwd("C:/Users/tbozovic/OneDrive - AUT University/al_STUDY_1_quant/Part-2-AT/ML")

Tibrary(tidyverse)
Tibrary(dplyr)
Tibrary(ggplot2)
Tibrary(gghighlight)
Tibrary(gbm)
Tibrary(MASS)
Tibrary(Metrics)
Tibrary(ROCR)
Tibrary(el071)
Tibrary(ipred)
Tibrary(reshape2)
Tibrary(pdp)

# Import data

AT_activemodes_16_18_extended_v3_12Decl18..sel.abled.traveled <-
read.csv("C:/Users/thozovic/OneDrive - AUT University/al_STUDY_l_quant/Part-2-
AT/0_data-AT-16-18/AT_activemodes_16_18_extended_v3_12Decl8--sel-abled-traveled.csv",
encoding="UTF-8")

a <- AT_activemodes_16_18_extended_v3_12Decl8..sel.abled.traveled

# 3652 observations of 1874 variables

# Subset dataset -------------—---m—mm

# Limit to 30 trips walked,
# Eliminate those who walk "virtually never" (A6_1 ==1), not asked many of the
questions of interest

a2 <- a %%
filter(Q2_7_s < 31) %%
filter(a6e_1 >1)
# OK, 3456 observations instead of 3652

# Calculate tertiles, dichotomise walking in tl1, t3 ----------"----—————————

tl <- quantile(a2%$Q2_7_S, probs=0.3333)

# first tertile = 0

table(a2%$Q2_7_s==t1)

# 1343 respondents walked 0 trips, = 39% of the sample

t3 <- quantile(a2$Q2_7_s, probs=0.6666)

# third tertile = 5

table(a2$Q2_7_s>=t3)

# 1,091 waked stictly more than 5, 1223 walked 5 and more, 35%

a3 <- a2 %% mutate(walk_13 = case_when(Q2_7_S == t1 ~ "walk_t1",
Q2_7_S >= t3 ~ "walk_t3"))
# OK, tl = 1343, t3 = 1223

a3 <- a3 %%

filter(walk_13 != "NA")
# OK, a3 2566 observations instead of 3456; = tl1 + t3
### Recode walk_13 for GBM: tertile 1 == 0, tertile 3 ==
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a4 <- a3 %% mutate (walk_t = case_when(walk_13 == "walk_t1l" ~ O,
walk_13 == "walk_t3" ~ 1))
# OK, 0 = 1343, 1 = 1223

# Select numeric or categorical variables, excluding:
# those directly related (Al, freq walking; B3, trips walked previous week)

# B8 attitude to walking - low influence in first run (5.0_opt), examined
separately Tlater

# variables that are mainly NA

# trip purposes (included until now)

# Save as "vtl3"

#H#HHHHHE Select variables of interest + outcome = walking >= 7 trips/w
vtl3 <- a4 %>%

dplyr::select(

walk_t, # Dichotomised outcome, above

s1l, ds2, # Demographics: gender and age group, not S4/S5, area

Ql_o6, # went to PT, previous week; not other Ql_: trip purposes

Ql18_1, # overall perception, state of walking in Auckland

starts_with("Qll_"), # Barriers

starts_with("Ql0_"), # Motivations; ! Q10_97_other = free text!

B14_1) # Perception of safety vs traffic, day time; B14_2 and _3
empty

# 36 variables

# Remove AQ10_97 and Ql1l1_97_other = free text
vt13["Q1l0_97_other"] <- NULL
vt13["Q1l1_97_other"] <- NULL
# OK, 2566 obs, 34 variables

# split the data - 80% training, 20% test ----------------——--———--———-———-

n <- nrow(vtl3) # 2566 records

n_train <- round(n * 0.8) # 80% of records, 2053

set.seed(123) # set seed, for reproductibility of random
sample

train_indices <- sample(l:n, n_train) # 2053 indices selected randomly for training
vtl3_train <- vtl3[train_indices, ] # 80% of data for training - OK, 2053 obs,
34 var

vtl3_test <- vtl3[-train_indices, ] # 20% of data for testing - OK, 513 obs,
var

# Train and test GBM models, walk_tl3 -----------—--m-mmmmm e

# Define hyper parameters to be tested

34

depths <- seq(1, 5, D

# List and vector for storing models and AUC

ml7_list <- TistQ # Empty Tist to store models all variables
ntree_opt <- c(Q) # Empty vector to store optimal n trees
preds_Tist <- 1ist(Q)

AUCs <- cO # Empty vector to store AUCs

influences <- 1ist()
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for (i in 1:5) { # Loop, 1 model for each depth
maxdepth <- depths[i]

# Test avec 1000 trees

mod_test <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_train,
n.trees = 1000,
cv.folds = 20,
interaction.depth = maxdepth)

# Identify early stopping

ntree_opt_i <- gbm.perf(object = mod_test,
method = "cv",
oobag.curve = FALSE)

ntree_opt[[i]] <- ntree_opt_i

# Model i with optimal n trees

mod_ii <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_train,
n.trees = ntree_opt_i,
cv.folds = 20,
interaction.depth = maxdepth)

# Generate predictions

pred_i <- predict(object = mod_i,
newdata = vtl3_test,
n.trees = ntree_opt_i,
type="response")

preds_Tist[[i]] <- pred_i

# Calculate and store AUC
AUCs[1i] <- auc(actual = vtl3_test$walk_t, predicted = pred_i)

# Store the relative influences, non-ordered
influences[[i]]<- summary(mod_i, plotit = FALSE, order = FALSE,
method = relative.influence, normalize = TRUE)

models <- data.frame(seq(1,5,1), ntree_opt, AUCS)
colnames(models) <- c("Interaction_depth", "Optimal_n_trees", "AucC")
write.csv(models, file="Models_17_test_depths_1_5_overview_AUC_trees.csv")
write.csv(influences, file = "Models_17_test_depths_1_5_influences.csv")

plot_AuC <- ggplot(models, aes(x=Interaction_depth, y=AUCs))+
geom_bar(stat="1identity") + ylim(0,1) +
geom_text(aes(label = sprintf("%0.2f", round(AuCs, digits = 2))), size = 4, hjust =
0.5, vjust = -1)
plot_ntrees <- ggplot(models, aes(x=Interaction_depth,
y=Optimal_n_trees))+geom_bar(stat="1identity")+
geom_text(aes(label = optimal_n_trees), size = 4, hjust = 0.5, vjust = 3)

results <- ggarrange(plot_AUC, plot_ntrees,
ncol = 1, nrow = 2)

annotate_figure(results,

fig.Tab = "AuC values and optimal number of trees, for tested
interaction depths”, fig.lab.face = "bold",
top = text_grob(" ", face = "bold", size = 14),

)
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###### Plot ROC curves

# List of actual values (same for all)
m <- length(preds_Tist)
actuals_1list <- rep(list(vtl3_test$walk_t), m)

# Plot the ROC curves

pred <- prediction(preds_list, actuals_1list)

rocs <- performance(pred, "tpr", "fpr") # True Positive Rate vs False
Positive Rate

plot(rocs, col = as.list(l:m), main = "Test Set ROC Curves; GBM predicting walking
levels, tertile 1 or 3")

Tegend(x = "bottomright",

Tegend = c("GBM, Cv 20, depth = 1",
"GBM, CV 20, depth = 2",
"GBM, cv 20, depth = 3",
"GBM, CV 20, depth = 4",
"GBM, cv 20, depth = 5"
), fill = 1:m)
bestmodel <- 2 # set Tevel of interaction of the (marginally) better model

# Examine influences ------—-----------

theme_inf <- theme(axis.ticks = element_bTlank(),
axis.text = element_text(size=8))

summary <- influences[[bestmodel]]
summary <- filter(summary, rel.inf !=0)

imp_ml7_2 <- ggplot(summary[1:20,], aes(x=reorder(var, -rel.inf),
y=rel.inf))+geom_bar(stat="identity") +

ggtitle("mModel 17, walking (tertiles 1 or 3) vs barriers, motivations, perceptions,
age and gender",

subtitle="Depth =2. Non null variables regarding relative influence. AT data

2016-18, N=2566; 25.9.19") +

ylab("Relative influence") +

xTab("variables") + theme_inf

imp_ml7_h <- ggplot(summary, aes(x=rel.inf))+geom_histogram(bins = 40) +

ggtitle("mModel 17, walking (tertiles 1 or 3) vs barriers, motivations, perceptions,
age and gender",

subtitle="Distribution of relative influences of the variables tested;

Dashed 1lines: Q25, Q75, Q90") +

ylab("Number of variables (total possible = 33)™) +

xTab("ReTative influence") +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.25)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.75)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.90)), color="black",
Tinetype="dashed", size=1) +

scale_x_continuous(breaks = seq(0,22,2))

quantile(summary_ml7_2%rel.inf, probs=0.75)
# 75% of the variables have an influence < 3.7 %
# Split data: PT users and NON-USErS ——=-—-—-————- -

vtl3_PT <- filter(vtl3, Ql_6==1) # only those who went to PT stops
vtl3_nonPT <- filter(vtl3, Ql_6==0)

### Training and test data, for both
vt1l3_PT_train <- filter(vtl3_train, Ql_6==1) # only those who went to PT stops
vtl3_PT_test <- filter(vtl3_test, Ql_6==1)

vtl3_nonPT_train <- filter(vtl3_train, Q1_6==0) # only those who didn't go to PT stops
vtl3_nonPT_test <- filter(vtl3_test, Ql_6==0)
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# Hide Q1_6

vtl3_PT_train["Ql_6"] <- NULL
vtl3_PT_test["Ql_6"] <- NULL
vtl3_nonPT_train["Ql_6"] <- NULL
vtl3_nonPT_test["Ql_6"] <- NULL
# OK, 33 variables

# NON-USERS PT: Train and test GBM models, walk_tl3 ---------------mmmmmm oo

# List and vector for storing models and AUC
ntree_opt_nonPT <- c()

trees
preds_Tist_nonPT <- 1ist()
AUCS_nonPT <- cO

influences_nonPT <- 1ist(Q)

for (i in 1:5) {
maxdepth <- depths[i]

# Test avec 1000 trees

mod_test <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_nonPT_train,
n.trees = 200,
cv.folds = 20,
interaction.depth = maxdepth)

# Identify early stopping

ntree_opt_i <- gbm.perf(object = mod_test,
method "cv",
oobag.curve = FALSE)

ntree_opt_nonPT[[i]] <- ntree_opt_i

# Model i with optimal n trees

mod_i <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_nonPT_train,
n.trees = ntree_opt_i,
cv.folds = 20,
interaction.depth = maxdepth)

# Generate predictions

pred_i <- predict(object = mod_i,
newdata = vtl3_nonPT_test,
n.trees = ntree_opt_i,
type="response")

preds_Tist_nonPT[[i]] <- pred_i

# Calculate and store AUC
AUCS_nonPT[1]

# Store the relative influences, non-ordered

# Loop, 1 model for each depth

influences_nonPT[[i]]<- summary(mod_i, plotit = FALSE, order = FALSE,
method = relative.influence, normalize = TRUE)

}
models_nonPT <- data.frame(seq(1,5,1), ntree_opt_nonPT, AUCS_nonPT)
colnames(models_nonPT) <- c("Interaction_depth", "Optimal_n_trees", "AucC")

# Empty vector to store optimal n

# Empty vector to store AUCs

<- auc(actual = vtl3_nonPT_test$walk_t, predicted = pred_i)

write.csv(models_nonPT, file="Models_17_nonPT_test_depths_1_5_overview_AUC_trees.csv'")

write.csv(influences_nonPT, file = "Models_17_nonPT_test_depths_1_5_influences.csv")

plot_AUC_nonPT <- ggplot(models_nonPT, aes(x=Interaction_depth, y=AUC))+

geom_bar(stat="1identity") + ylim(0,1) +

geom_text(aes(label = sprintf("%0.2f", round(AuCs_nonPT, digits = 2))), size = 4,

hjust = 0.5, vjust = -1)

plot_ntrees_nonPT <- ggplot(models_nonPT, aes(x=Interaction_depth,

y=0Optimal_n_trees))+geom_bar(stat="1identity")+
geom_text(aes(label = optimal_n_trees), size = 4, hjust

0.5, vjust

3)
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results_nonPT <- ggarrange(plot_AUC_nonPT, plot_ntrees_nonPT,
ncol = 1, nrow = 2)

annotate_figure(results_nonPT,

fig.lab = "Non-users of PT; AUC values and optimal number of trees,
for tested interaction depths", fig.lab.face = "bold",
top = text_grob(" ", face = "bold", size = 14),)

###### Plot ROC curves

# List of actual values (same for all)
m <- length(preds_Tist_nonPT)
actuals_list_nonPT <- rep(list(vtl3_nonPT_test$walk_t), m)

# Plot the ROC curves
pred_nonPT <- prediction(preds_Tlist_nonPT, actuals_1list_nonPT)

rocs_nonPT <- performance(pred_nonPT, "tpr", "fpr") # True Positive Rate vs
False Positive Rate
plot(rocs_nonPT, col = as.list(1l:m), main = "ROC Curves; predicting walking as tertile

1 or 3, NON-users PT")
Tegend(x = "bottomright",

legend = c("GBM, Cv 20, depth 1",
"GBM, cV 20, depth = 2",
"GBM, CV 20, depth = 3",

"GBM, CV 20, depth
"GBM, CV 20, depth

5"), fill = 1:m)

bestmodel_nonPT <- models_nonPT[which.max(AUCs_nonPT),]$Interaction_depth # set
Tevel of interaction of the (marginally) better model

# Examine influences -----------------

summary_nonPT <- influences_nonPT[[bestmodel_nonPT]]
summary_nonPT <- filter(summary_nonPT, rel.inf !=0)

imp_ml7_2_nonPT <- ggplot(summary_nonPT[1:20,], aes(x=reorder(var, -rel.inf),
y=rel.inf))+geom_bar(stat="identity") +
ggtitle("mModel 17, walking (tertiles 1 or 3), non-PT users: relative influences",
subtitle="Depth =2. Non null variables regarding relative influence. AT data
2016-18, N=2566; 25.9.19") +
ylab("Relative influence") +
xTab("variables") + theme_inf

imp_ml7_h_nonPT <- ggplot(summary_nonPT, aes(x=rel.inf))+geom_histogram(bins = 40) +

ggtitle("Model 17, walking (tertiles 1 or 3), non-PT users: relative influences",

subtitle="Distribution of relative influences of the variables tested;

Dashed 1lines: Q25, Q75, Q90") +

ylab("Number of variables (total possible = 32)™) +

xTab("ReTative influence"™) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.25)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.75)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.90)), color="black",
Tinetype="dashed", size=1) +

scale_x_continuous(breaks = seq(0,22,2))

quantile(summary_nonPT$rel.inf, probs=0.75)
# 75% of the variables have an influence < 6.9 %
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# PT USERS ONLY: Train and test GBM models, walk_tl1l3 -----————-=———— oo~

# List and vector for storing models and AUC

ntree_opt_PT <- c(Q) # Empty vector to store optimal n trees
preds_Tist_PT <- Tist(Q)
AUCS_PT <- cO # Empty vector to store AUCs

influences_PT <- 1ist(Q

for (i in 1:5) { # Loop, 1 model for each depth
maxdepth <- depths[i]

# Test avec 1000 trees

mod_test <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_PT_train,
n.trees = 200,
cv.folds = 20,
interaction.depth = maxdepth)

# Identify early stopping

ntree_opt_i <- gbm.perf(object = mod_test,
method = "cv",
oobag.curve = FALSE)

ntree_opt_PT[[i]] <- ntree_opt_i

# Model i with optimal n trees

mod_ii <- gbm(formula = walk_t ~ .,
distribution = "bernoulli",
data = vtl3_PT_train,
n.trees = ntree_opt_i,
cv.folds = 20,
interaction.depth = maxdepth)

# Generate predictions

pred_i <- predict(object = mod_i,
newdata = vtl3_PT_test,
n.trees = ntree_opt_i,
type="response")

preds_Tist_PT[[i]] <- pred_i

# Calculate and store AUC
AUCs_PT[1] <- auc(actual = vtl3_PT_test$walk_t, predicted = pred_i)

# Store the relative influences, non-ordered
influences_PT[[i]]<- summary(mod_i, plotit = FALSE, order = FALSE,
method = relative.influence, normalize = TRUE)

}

models_PT <- data.frame(seq(l,5,1), ntree_opt_PT, AUCS_PT)
colnames(models_PT) <- c("Interaction_depth", "Optimal_n_trees", "AuC")
write.csv(models_PT, file="Models_17_PT_test_depths_1_5_overview_AUC_trees.csv")
write.csv(influences_PT, file = "Models_17_PT_test_depths_1_5_influences.csv")

plot_AUC_PT <- ggplot(models_PT, aes(x=Interaction_depth, y=AUC))+
geom_bar(stat="1identity") + ylim(0,1) +
geom_text(aes(label = sprintf("%0.2f", round(AUCs_PT, digits = 2))), size = 4, hjust
= 0.5, vjust = -1)
plot_ntrees_PT <- ggplot(models_PT, aes(x=Interaction_depth,
y=0ptimal_n_trees))+geom_bar(stat="identity")+
geom_text(aes(label = optimal_n_trees), size = 4, hjust = 0.5, vjust = 3)

results_PT <- ggarrange(plot_AUC_PT, plot_ntrees_PT,
ncol = 1, nrow = 2)

annotate_figure(results_PT,

fig.Tab = "PT users only; AUC values and optimal number of trees, for
tested interaction depths", fig.lab.face = "bold",
top = text_grob(" ", face = "bold", size = 14),)

###### Plot ROC curves
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# List of actual values (same for all)
m <- Tength(preds_1ist_PT)
actuals_Tlist_PT <- rep(list(vtl3_PT_test$walk_t), m)

# Plot the ROC curves
pred_PT <- prediction(preds_list_PT, actuals_1list_PT)

rocs_PT <- performance(pred_pT, "tpr", "fpr") # True Positive Rate vs False
Positive Rate
plot(rocs_PT, col = as.list(l:m), main = "ROC Curves; predicting walking as tertile 1

or 3, PT users')
Tegend(x = "bottomright",

Tegend = c("GBM, Cv 20, depth = 1",
"GBM, cV 20, depth = 2",
"GBM, cv 20, depth = 3",
"GBM, CcV 20, depth = 4",
"GBM, cv 20, depth = 5"

), fill = 1:m)

bestmodel_PT <- models_PT[which.max(AUCs_PT),]$Interaction_depth # set Tevel of
interaction of the (marginally) better model
#1

# Examine influences ------—-----------

summary_PT <- influences_PT[[bestmodel_PT]]
summary_PT <- filter(summary_PT, rel.inf !=0)

imp_17_PT <- ggplot(summary_PT, aes(x=reorder(var, -rel.inf),
y=rel.inf))+geom_bar(stat="identity") +
ggtitle("mModel 17, walking (tertiles 1 or 3), PT users: relative influences",
subtitle="Depth =1. Non null variables regarding relative influence. AT data
2016-18, N=822; 25.9.19") +
ylab("Relative influence") +
xTab("variables") + theme_inf

imp_ml7_h_PT <- ggplot(summary_PT, aes(x=rel.inf))+geom_histogram(bins = 40) +

ggtitle("Model 17, walking (tertiles 1 or 3), PT users: relative influences",

subtitle="Distribution of relative influences of the variables tested;

Dashed 1lines: Q25, Q75, Q90") +

ylab("Number of variables (total possible = 32)™) +

xTab("ReTative influence"™) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.25)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.75)), color="black",
Tinetype="dashed", size=1) +

geom_vline(aes(xintercept=quantile(rel.inf, probs=0.90)), color="black",
Tinetype="dashed", size=1) +

scale_x_continuous(breaks = seq(0,22,2))

quantile(summary_PT$rel.inf, probs=0.75)
# 75% of the variables have an influence < 7.9 %

### Extract interesting associations
walk_age <- table(vtl3_PT$ds2, vtl3_pT$walk_t)
write.csv(walk_age, file="walk_tertiles_vs_age___ PT_users.csv'")

walk_money <- table(vt13_PT$Q10_3, vtl3_PT$walk_t)
write.csv(walk_money, file="walk_tertiles_vs_motivation_money___PT_users.csv')

walk_safety <- table(vt13_PT$B14_1, vtl3_PT$walk_t)

write.csv(walk_safety, file="walk_tertiles_vs_P_safety___ PT_users.csv")

# Ccomparison: PT, NON-PT —-—————— - - -~
# one df with the influences from the best non PT and PT models
influences_df <- data.frame(influences_nonPT[[bestmodel_nonPT]],

influences_PT[[bestmodel1_PT]])

colnames(influences_df) <- c("var", "Rel_inf_nonPT", "var.l", "Rel_inf_rPT")
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write.csv(influences_df, file = "Influences_models_17_nonPT_vs_PT.csv")

# Present non PT as negative values, for representation

# Add variables _above2, to present onlu influences >2%

influences_df <- influences_df %>% mutate(
Rel_inf_nonPT_neg = Rel_inf_nonPT*(-1),
Rel_inf_nonPT_neg_above2 = ifelse(Rel_inf_nonPT_neg<(-2), Rel_inf_nonPT_neg, ""),
Rel_inf_PT_above2 = ifelse(Rel_inf_PT>2, Rel_inf_pPT, ""))

# Comparison PT - non PT; select only necessary variables
influences_graph <- influences_df %>%
dplyr::select(
var,
Rel_inf_nonPT_neg,
Rel_inf_PT)

# oOne vertical bar chart with compared influences PT / non PT
influences_graph_melt <- melt(influences_graph, id.vars= c("var"))
theme_comp <- theme(axis.ticks.

axis.text.y
axis.text.x

= element_blank(),
element_text(size=8),
element_text(size=10))

<

inf_comp <- ggplot(influences_graph_melt, aes(x=var, y=value,
fill=variable))+geom_bar(stat="identity")+

ggtitle("walking (tertiles 1 or 3, model 17): relative influences vs use of PT",

subtitle="Best fitting model for each category. AT data 2016-18, N=2566;

25.9.19") +

ylab("Relative influence of features; [%]*(-1) for non users of PT, for
representation") +

xlab("variables") + theme_comp +

scale_fill_manual(values = c("#24281A", "#CEABO7"), Tlabels = c("Non-users of PT",
"PT users"))

inf_comp +
coord_f1ip() +
theme(legend.title = element_blank(),
legend.position=c(0, 1),
legend.justification = c(0, 1))
### Comparison including only variables with influences >2%
# Filtered version, with only |[influences| > 2 percent

influences_graph_filter <- influences_graph %>%
filter(Rel_inf_nonPT_neg <(-2) | Rel_inf_PT >2)

# One vertical bar chart with compared influences PT / non PT
influences_graph_filter_melt <- melt(influences_graph_filter, id.vars= c("var™))

inf_comp_filter <- ggplot(influences_graph_filter_melt, aes(x=var, y=value,
fill=variable))+geom_bar(stat="identity")+

ggtitle("walking (tertiles 1 or 3, model 17): relative influences vs use of PT; only

>2%",
subtitle="Best fitting model for each category. AT data 2016-18, N=2566;

25.9.19") +

ylab("Relative influence of features; [%]*(-1) for non users of PT, for
representation™) +

xlab("variables") + theme_comp +

scale_fill_manual(values = c("#24281A", "#CEABO7"), Tlabels = c("Non-users of PT",
"PT users"))

inf_comp_filter +

coord_fT1ip() + # Rotate 90 degrees
theme(legend.title = element_blank(), # No legend Tabel
Tegend.position=c(0, 1), # Legend upper rght

legend.justification = c(0, 1)) +

# Add labels
geom_text(label=format(influences_graph_filter_melt$value, digits = 0),
size = 3, hjust = 1.5, vjust = 0.5)
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# Highlight influences >2%
inf_comp_filter +
coord_f1ip(Q) +
gghighlight(value <(-2)
theme(legend.title
legend.position=c(0, 1),
legend.justification = c(0

| value

# Test vertical bars

influences_graph_positive <- influ
dplyr::select(
var,
Rel_inf_nonPT,
Rel_inf_PT)

influences_graph_positive_melt <- melt(influences_graph_positive, id.vars= c("var™))

theme_comp_v <- theme(axis.ticks
axis.text.y
axis.text.x

element_blank(),

# Rotate 90 degrees
>2, label_key = value) +
# No legend Tlabel
# Legend upper rght
» 1)

ences_df %>%

element_blank(),
element_text(size=10),
element_text(size=8, angle =90, hjust=0))

inf_comp_vert <- ggplot(influences_graph_positive_melt, aes(x=var, y=value,

fill=factor(variable), width = .6)
position_dodge2())+
ggtitle("walking (tertiles 1 or
subtitle="Best fitting m
25.9.19") +
ylab("Relative influence of feat
xlab("variables") + theme_comp_v
scale_fill_manual(values
"PT users"))

inf_comp_vert +
theme(legend.title = element_bla
legend.position=c(l, 1),
Tegend.justification = c(0

c("#24281A", "#CEABO7"), labels

) +geom_bar(stat="1identity", position
3, model 17): relative influences vs use of PT",
odel for each category. AT data 2016-18, N=2566;
ures; [%]") +
+

c("Non-users of PT",

nkQ,
,» 1))

# No legend Tabel
# Legend upper rght
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4C: Testing for pairwise associations

41 variables
479 significant associations (p<0.05), out of 820 possible associations

Variable examined - code Variable examined - explanation Number of variables with
associations significant at p<0.05

walk_13 Levels of walking: tertile 1 or 3 33
Poor_perception_walking Q18 overall perception of walking "low" or "high"* 22
Dissatisfied_w_walking Declares avoiding walking or wanting to walk less, true/false 23
Q10_1 Fitness 26
Q10_2 Fun 19
Q10_3 Save money 27
Q10_4 Save time 22
Ql0_5 Consistent travel time 24
Ql0_6 Less parking hassle 24
Ql10_7 Available w paths 23
Q109 Reduce congestion 26
Q10_10 Environment 25
Q10_11 Me time 26
Ql10_12 Enjoy weather 25
Q10_13 Better routes 22
Ql0_97 Other 15
Q111 Hills 26
Ql1 4 Live too far 24
Ql1 5 Not quick 21
Ql1 9 Footpaths 21
Ql1 14 Weather 26
Ql1_15 Too much effort 20
Ql1_16 Too much stuff to carry 28
Ql1_17 Need transport others 22
Ql1_20 Safety, day 27
Q11_21 Safety, night 33
Ql1_22 Adds too much time 22
Ql1_23 Boring routes 28
Ql1_24 Doesn't know how long it would take 24
Q11 97 Other 24
Poor_s_day_traffic Perceived safety re traffic, by day time "low" or "high"* 20
Poor_s_day_crime Perceived safety re crime, by day time "low" or "high"* 18
Poor_s_day_tripping Perceived safety re tripping/falling, by day time "low" or "high"* 12
Poor_s_night_traffic Perceived safety re traffic, by night time "low" or "high"* 26
Poor_s_night_crime Perceived safety re crime, by night time "low" or "high"* 27
Poor_s_night_tripping Perceived safety re tripping/falling, by night time "low" or "high"* 16
Age_65plus Age 65 and over, true/false 26
Q10_15 Declares walking because no other choice 26
Use_of car Did use the car in the previous week (driver or passenger) 22
NotEmployed Not employed 20
Lowlncome Income <60% of median 17

* low: <4/10; high: >6/10

45



4D: Accuracy testing of machine learning models

Whole population

AUC values and optimal humber of trees, for tested interaction depths
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Non-users of public transport

Non-users of PT; AUC values and optimal number of trees, for tested interaction depths
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tn
=
'

n_trees
P
=

Optimal

= o %)
(=] = =
' ' '

(=]
'

True positive rate

02 04 068 08 10

0.0

PT users only; AUC values and optimal number of trees, for tested interaction depths

Interaction_depth

Interaction_depth

056 054 060 0.56
2 3 4 5
2 2 4 5

ROC Curves; predicting walking as tertile 1 or 3, PT users

OEEEnN

GBM, CV 20, depth = 1
GBM, CV 20, depth = 2
GBM, CV 20, depth = 3
GBM, CV 20, depth = 4
GBM, CV 20, depth =5

02

04 0.6

False positive rate

| |
0.8 1.0

48



4E: Detailed results
Whole population and control for use of public transport

Walking (tertiles 1 or 3, model 17): relative influences vs use of PT
Best fitting model for each category. AT data 2016-18, N=2566; 25.9.19
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Figure 1: Relative influence of features, controlling for the use of public transport
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Comparing users and non-users of Public Transport (PT)

Influences (percentage, relative to usefulness in training the models)

Variable code and explanation all only non only PT PT/ log(PT/
respondents  users of PT users nonPT nonPT)
N =2,566 N=1,744 N =822
S1 Gender 0.0 0.0 0.0
ds2 Age group 6.3 7.0 17.8 2.5 0.4
Ql_6 Travelled to/from PT, previous week 42.8 0.0 0.0
Q18 1 Overall satisfaction, 0-10 5.2 4.4 5.0 1.1 0.0
Qi11_1 Hills 0.0 0.4 2.5 5.8 0.8
Q11 14 Weather 0.0 0.0 0.0
Q11_20 Safety, day 0.0 0.5 0.0 0.0
Q11 21 Safety, night 0.6 0.0 6.1
Ql1 4 Live too far, not practical 11 1.0 3.6 3.6 0.6
Q11 5 Walking not quick 1.8 6.7 0.0 0.0
Ql1.9 Footpaths condition 0.0 0.0 2.0
Q11 15 Too much effort 0.4 0.0 8.9
Q11_16 Too much stuff to carry 0.0 0.5 1.7 3.1 0.5
Q11 17 Need transport others 0.2 0.0 4.6
Q11_22 Adds too much time 1.6 1.4 0.0 0.0
Q11 23 Boring routes 0.1 1.1 0.0 0.0
Ql11_24 Doesn't know how long it takes 0.0 0.0 1.0
Q11 97 Otherreason 0.3 0.4 0.0 0.0
Q10_15 No choice 3.0 0.5 10.3 19.6 1.3
Q10_1 Fitness 0.4 0.7 0.0 0.0
Q10_2 Fun 23 10.4 0.0 0.0
Q10_3 Saves money 12.3 12.0 214 1.8 0.2
Ql0_4 Saves time 2.4 11.8 0.0 0.0
Ql0_5 More consistent travel time 1.2 0.4 4.0 10.1 1.0
Q10 6  Avoids parking hassles 11.6 22.4 4.2 0.2 -
Q10_7 Availability of paths / walking routes 0.0 0.5 0.0 0.0
Q109 Helps reduce traffic congestion 2.4 7.8 0.0 0.0
Q10_10 Environment 0.9 2.3 0.0 0.0
Q10_11 "Me time" 0.4 0.6 0.0 0.0
Q10_12 Enjoy the weather 0.0 0.0 0.0
Q10_13 Better routes available 0.5 0.8 0.0 0.0
Q10_97 Other reason 0.0 0.0 0.0
B14_1 Safety traffic 2.0 6.2 6.9 1.1 0.0
Sum 100.0 100.0 100.0
Count 33 33 33
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Comparing respondents with or without choice

Relative influence of features for respondents with and without choice
AT Active Modes survey 2016-18, models 17_choice / NOchoice, AUC = 0.86 | 0.94
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Figure 2: Relative influence of features for predicting walking behaviour controlling for the availability of
choice
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Influences (percentage, relative to usefulness in training the models)

Variable code and explanation only WITH only choice / NO log (choice/
choice WITHOUT choice NOchoice)
choice
N =2,229 N =337

ds2 Age group 5.7 6.2 1.1 0.0
Ql 6 Travelled to/from PT, previous week 26.6 _ 1.6 0.2
Q18 1 Overall satisfaction, 0-10 6.8 8.6 1.3 0.1
Qi1 20  Safety, day 2.4 0.0 0.0
Qi1 21 Safety, night 0.0 4.0
Qll_4 Live too far, not practical 0.9 3.6 3.8 _
Q119 Footpaths condition 0.9 0.0 0.0
Qi1 15 Too much effort 1.9 6.1 3.2 0.5
Q11 16 Too much stuff to carry 3.0 1.1 0.4 -0.5
Q11 17 Need transport others 0.3 0.0 0.0
Q11 22 Adds too much time 0.0 0.4
Q11 23 Boring routes 1.4 0.0 0.0
Q11 24 Doesn't know how long it takes 1.9 41 2.2 0.3
Q11_97 Other reason 0.2 0.0 0.0
Qo2  Fun 1.5 0.0 0.0
Q10 3 Saves money 13.6 6.0 04 -0.4
Q10_4 Saves time 7.0 0.0 0.0
Q10_5 More consistent travel time 0.0 0.0
Q10_6 Avoids parking hassles 0.0 0.0
Q10_7 Availability of paths / walking routes g 7 0.0 0.0
Q10 9 Helps reduce traffic congestion 59 0.0 0.0
Q10_10 Environment 06 0.0 0.0
Qio_11  Metime" 3.7 0.4 01
Q10 12  Enjoy the weather 2.7 0.4 0.2
Q10_13 Better routes available 0.7 0.0 0.0
Q10_97 Other reason 0.4 0.0 0.0
B14 1 Safety traffic 23 5.8 2.5 0.4

Sum 100.0 100.0

Count 33 33
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5A: Methods

Aims and principles

The investigation starts from the assumptions that diverse individuals might react differently to a same
input (e.g. environmental feature), that their decisions can be messy and biased, and also that a same
individual might behave differently in various contexts [4-6]. Further, the data are obtained from
interviews inevitably biased by their structured nature, asking for instance about the “difficulties”
encountered or about the levels of safety regarding traffic.

The design considered (1) the importance of individual characteristics and constraints as moderators of
the relationship between UE and walking behaviour; (2) lived experiences as valuable sources of
information ("l go here and | see this"); (3) the need to be specific, so to be able to provide a feedback
for the practice, and therefore obtain inputs on the nature of the experienced barriers to
walking/wheelchair access. The team was interested in better understanding the roles of different types
and levels of impairments and considered critical to capture aspects of self-selection, general
motivations and barriers, and availability of options.

The adopted methods have been chosen because they allow to better understand the decision patterns
of a broad range of users, capturing the “points of friction” so to provide inputs towards an environment
supportive of walking. Triangulation of data is used to explore and develop emerging themes. Each
method is described below. The investigation has similarities with market research aiming to identify
what customers think of a certain product (here: walking environment), and how this product should be
improved (here: what barriers need to be removed)[7].

Interviews

Selection and recruitment

Recruitment was planned to be done through the Ministry of Transport, who were to contact a
subsample of the Household Travel Survey participants living in areas with a pre-determined Walkscore®
level (70 to 90) and having agreed to being contacted by the Ministry of Transport for further research.
A total of 194 participants were identified and contacted on 9.12.19 by the Ministry of Transport’s
contractor, on behalf of the research team. Two participants accepted to be contacted but none of them
provided a response within a month after having been contacted by the research team.

The recruitment was continued by selecting four neighbourhoods having average Walkscore® levels
corresponding to the defined band but contrasted in terms of through traffic[8] (used as a proxy for
traffic-oriented design) and public transport service. The neighbourhoods are:

Through traffic through neighbourhood activity centre
Low (<12,000 vehicles/d, average, High (>23,000 vehicles/d, average, 5
5 work days) work days)

_ Mount Eden Kinglsand

Recruitment was done through information sessions organised and advertised locally and on social

media. The posters had the following tagline: “How easy is it to walk* to your destinations or your bus
stop?”, specifying that “walking” includes wheelchair access.

Given that the first 30 participants were almost all non-disabled, the constraint on neighbourhoods was
relaxed. Disabled people’s organisations were contacted and interested participants were included if
they lived in Auckland, and not necessarily in one of the four pre-defined neighbourhoods.
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Methodological decisions taken

The interview process and outputs are influenced by some key decisions taken:

Convenience sampling: participants were recruited through public information sessions,
posters, emails and social media. The sample cannot be therefore seen as representative of
“Aucklanders” but should be seen as people who do have some interest in walking and sharing
their lived experiences.

The sampling ensured that half of the participants have self-declared impairments. The
questions on the impairments relate to (1) the first four questions of the Washington Group
Short Set[9], identifying four potential difficulties (seeing, hearing, walking and
concentrating/remembering) and four possible levels of difficulty (no difficulty, some difficulty,
a lot of difficulty, cannot do at all); and (2) the NZ Household Travel Survey[10], having specified
the question about walking (“Do you have difficulty walking 500m unaided?”), and added two
additional questions, about the difficulty of using public transport and driving. This method
views disability as a much more complex construct than the dichotomy “disabled”/ "non-
disabled”, each participant having a unique profile on this 6x4 matrix. Recruitment ensured that
half of the participants have at least some difficulty regarding seeing, hearing, walking and
concentrating/remembering.

Interviews were quantitative and structured, a decision taken to cover in a systematic way the
dimensions of interest; the interviews contained number of closed questions asking typically
participants to rate certain elements from 0 to 10, chosen because (1) it allows comparability of
answers across topics and participants; it allows comparability between gathered answers
Auckland Transport’s Active Modes survey and (3) it prompts open questions (“what”) in a
systematic way - every time the participant rates an aspect 3/10 or below (threshold arbitrarily
defined for poor quality).

Interviews were recorded and answers were captured on the fly (ratings and specific insights —
i.e. not enough time available to cross at the crossing [x], when asked what makes a walked trip
feel unpleasant). Recordings were used to extract specific exact quotes, but the interviews have
not been fully transcribed. This was a key design decision, as it allows to tackle the desired
breadth. The downside is the fact that the researcher “filtered” to some extent all the answers
on the fly, noting for instance the main characteristic (e.g. “not enough time to cross, at the
place x”) and ignoring the subtlety of the exact words chosen and the latent inputs (pauses,
sighs, laughter, body language, etc.). The usual trips participants wanted to share were drawn
on a paper map, by the interviewee or the researcher. This method was chosen so to facilitate
participants’ inputs and avoid possible technological barriers (the alternative would have been
using a tablet or a touch screen). The truthfulness of the information was assessed with a sub-
group of participants (those who had agreed to continue being part of the project as Citizen
Scientists, an aspect that will be presented in a future publication) — the group was presented
with the findings identifying the “what” was considered difficult/unpleasant or unsafe, and
invited to question and challenge the findings.

The qualitative dimension (“what” matters) has been assessed for trustworthiness verifying
the four dimensions posited by Guba and Lincoln[11]:

o Credibility relates to the confidence in the “truth” of the findings. It was assessed
through (1) the review of the findings by a sub-group of participants, invited to question
and challenge the results; and (2) the survey of the locations identified as major barriers
(photos and description of the causes indicated by the participants);

o Transferability ensures that results could be applied in other contexts. Transferability is
a key consideration here, as the aim of the research is to provide practical insights for
transport planning and urban design practices in Auckland. Three mechanisms were
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used: (1) identification of main themes relative to general motivations / discentives to
walking and to specific aspects that respondents find difficult or unpleasant; (2) survey
on the ground of specific environmental aspects identified as difficult or unpleasant,
aiming at better describing their nature; (3) outlining systemic aspects that might be
important in areas other than Auckland (e.g. specific aspects of road design noted as
problematic).

Dependability demonstrates that the findings could be repeated. The structured format
of the interview and the clear rules set for further investigation (see above) make it easy
to repeat the investigation in other contexts or at other times. This work would be most
useful, to test to what extent the results can be extrapolated (see systemic issues
identified above).

Confirmability verifies that the findings are shaped by respondents and not the biases
and motivations of the researcher. In the present study, a source of bias can come from
the framing of the interviews (e.g. asking what specific environmental characteristics are
“difficult” or “unpleasant”; using other words could have possibly yielded other results)
and the fact that inputs are mostly noted on the fly and not integrally and formally
transcribed. The bias is controlled for by the review of the results done by a sub-group
of participants.
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5A2: Information sheet for interview participants
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TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Participant Information Sheet for interview participants

Date Information Sheet Produced: 31.1.2020
Project Title: Quality of the walking environment and difficulties to access local destinations.

An Invitation

Tena koe,

My name is Tamara Bozovic, | am a PhD candidate at Auckland University of Technology (AUT). Together with the
research team (Professor Erica Hinkson and Dr Moushumi Chaudhury), | would like to invite you to take partin a
research project. This research focuses on Aucklanders who experience difficulties accessing to their local
destinations, and on their neighbourhood street environment. We would like to find out what the difficulties are,
and how they influence the choice to walk to the local destinations or access them by wheelchair. If you do
experience difficulties of walking/wheeling to your local destinations or bus stops, | would like to invite you to
participate to a face-to-face interview where we will speak of the local trips you usually make of the trips you would
like to make more often, and of your general perceptions of your walking environment. Below, | would like to
provide you with some more information about the research. You are welcome to ask any questions you may have.

What is the purpose of this research?

This research aims to contribute to the efforts of improving the urban environment. It is important because the
streets’ environments can cause difficulties that discourage walking. Aucklanders’ levels of walking are rather low,
and strategies such as the Auckland Plan aim to encourage accessing local destinations on foot or by wheelchair,
for all. Understanding the difficulties can help the local authorities improve the streets environments by addressing
those aspects that matter most.

This research will provide insights into what these difficulties are and how they influence people’s choices for
moving around. The results will be shared with all the participants, presented to the local authorities responsible
for the redesign of existing components of urban environments, and submitted for publication to scientific journals
and conferences.

How was | identified and why am | being invited to participate in this research?

You received this sheet after having responded to the team’s invitation. Announcement about this project was done
via posters, local info sessions, newsletters and social media. After having invited all adult Aucklanders living in four
designated neighbourhoods (Mt Eden, Mt Roskill, Kingsland and Papakura), the invitation was extended beyond
those neighbourhoods in order to recruit participants who experience difficulties seeing, hearing, walking
unaccompanied 500m or remembering/concentrating. The neighbourhoods had been selected because they
present a similar availability of everyday destinations but different qualities of walking environments and public
transport service.

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither advantage nor disadvantage you. You are able to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,
removal of your data may not be possible.

If you wish to participate, please contact me by email or telephone. To participate, you will be asked to sign a
Consent Form. You will find this document at the end of this letter. You can either send me a scanned signed copy
with your email, or you can sign this document when we meet for the interview.

What will happen in this research?

In this research, | will amongst others realise a series of face to face interviews. You are invited to participate to this
phase. In these interviews, we will discuss the local destinations reached, the mode of transport used, the perceived
level of ease of access, and the aspects that can be difficult for accessing places on foot or by wheelchair (what they
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are, where they are). For each participant, | will also capture elements that can be important for understanding the
choices around walking. These include the time of residence in the neighbourhood, reason for choosing to live
there, occupation, age group, mobility impairments type and level, usually available transport options or help, and
perception of community. | will note the information on a paper form, and we will annotate together a paper map
showing the destinations, routes, and possible difficulties encountered. The interviews will also be audio taped, so
that | can check the information noted. They will last about 45 minutes and will be arranged at a time and place
that suits you, for instance in a local public space (library...) or at your home.

What are the discomforts and risks?
It is not anticipated that participants will encounter any risk from participating in this research.
What are the benefits?

To date, the understanding on how the streets environment possibly hinders or prevents trips on foot or by
wheelchair is very poor. Internationally, the quantity of data is weak, and presents many biases. This research will
contribute to local authorities’ effort to improve existing urban environments. Having a good evidence is important
in order to target the biggest difficulties for residents and visitors (e.g. people with disabilities, parents with prams,
older people). Beyond Auckland, the findings could be useful for other New Zealand or Australian urban areas, given
that the issues are likely to be linked to system design practices, being similar. Ultimately, addressing main barriers
to access improves everyone’s ability to participate, and helps create a more supportive environment for an ageing
population. We also hope that the results will be useful to the local practitioners working on the streets’ design.

For me, this research will contribute to the obtention of a PhD and allow me to submit findings to academic journals
and conferences. Beyond this, | feel privileged to be able to leverage users’ insights to help improve the transport
planning and urban design practices.

We value your time and will offer a koha ($30 supermarket voucher) in sign of appreciation.
How will my privacy be protected?

All information that you give us will be treated as private and confidential. Only me and the researchers involved in
the study will have access to the records. Research records will be kept in a locked file and sorted by number codes,
not by names. In any sort of report we publish, information will be presented in a way that doesn’t allow to identify
you or any other participant in any way. Data will be stored on AUT premises for 6 years and will be permanently
destroyed after this period.

What are the costs of participating in this research?

There are no costs except for your personal time, for participating to the interview. The interviews are expected to
last about 45 minutes.

What opportunity do | have to consider this invitation?
If you are happy to participate in this research, please let me know your decision by the 28 February 2020.
Will I receive feedback on the results of this research?

Yes, you will receive a summary of the findings unless you indicate in the Consent Form that you do not wish to
receive them.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Professor Erica Hinckson: Erica.hinckson@aut.ac.nz, +64 9 921 9999 ext 7224.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
O’Connor, ethics@aut.ac.nz , +64 921 9999 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:
Tamara Bozovic, AUT City Campus, Auckland, E-mail: rfg8954@aut.ac.nz, Ph: 021 212 35 03

Project Supervisor Contact Details:
Professor Erica Hinckson: Erica.hinckson@aut.ac.nz, +64 9 921 9999 ext 7224.

Approved by the Auckland University of Technology Ethics Committee on 12 December 2018, AUTEC Reference number 18/431.
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5A3: Consent form for interview participants
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TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Consent Form for interview participants

Project title: Quality of the walking environment and difficulties to access local

destinations

Project Supervisor: Professor Erica Hinckson

Researcher: Tamara Bozovic

O | have read and understood the information provided about this research project in the Information Sheet
dated 31.1.2020.

O | have had an opportunity to ask questions and to have them answered.

O I understand that notes will be taken during the interviews and that they will also be audio-taped and
transcribed.

O | understand that taking part in this study is voluntary (my choice) and that | may withdraw from the study at
any time without being disadvantaged in any way.

O | understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings
have been produced, removal of my data may not be possible.

O | agree to take part in this research.

O | wish to receive a summary of the research findings (please tick one): YesO NoO

PartiCipant’s SIBNATUIE: oottt e e e ettt te st e e e st et e esre et saeae s et eessasebe st anstessessan et een

PartiCipant’s NAME: oottt e e e ettt te st e e e st et e sae et saeae s et et s ebe st ana et assan et eee

Participant’s Contact Details (if appropriate):

Approved by the Auckland University of Technology Ethics Committee on 12 December 2018, AUTEC Reference number 18/431.

Note: The Participant should retain a copy of this form.
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5B: Interview questions

All questions have the option don't know / no answer

Question

Answers*

Could you tell me your age?

What gender do you identify with?

F/M/I

What is your level of income?

Open, coded against pre-defined levels:

<10,000
10-20,000
20-40,000
40-60,000
60-80,000
80-100,000
100-120,000
120-150,000
150-200,000
>200,000

What is your highest education level?

Open, coded against pre-defined levels:

Primary
Secondary

High school
Bachelors
Honors

Masters

PhD

Technical school
Apprenticeship
Postgrad

What is your current occupation?

Open, coded against pre-defined levels:

woking full time

working part time

studying

studying and working
retired

unemployed

looking for a job

not working for the moment
part time + child care

Do you live with other people?

Single

Single w kids
With partner
Partner + kid(s)
Married no kids
Married w kids
Separated, w kids
Divorced

Widow

Do you have a drivers' licence?

y/n

Is a car usually available for you to use?

y/n/sometimes

For how long have you lived in in [neighbourhood]?

Numeric

What was the main reason for coming to live in
[neighbourhood]?

Lack of other choice

Compared options and this one was better

Love the neighbourhood, wanted to live here

Where do you meet your community?

Open, no prompted answers

How many of the facilities (such as shops, schools, post shops,
libraries and medical services) that you want to go to, can you
easily get to?

1. All of them

2. Most of them

3. Some of them

4. Only a few of them

5. None of them

How many times per week do you walk for 10 minutes or
more?

How many kilometres did you drive, last year, approximately?

Did you use public transport, last year?
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Question Answers*

How many trips by public transport did you take last month,
approximately?

Can we map the places you visit on this trip? What would be the first Code, noted by interviewer, in order
one?

(what is this destination, if not already answered) Selected HTS destinations, as above
How important is it for you to go there? 0to 10, idem AT




Question

Is the distance to this destination something you could do on foot/by
wheelchair?

Answers*

>>> [if yes] how easy would it be to walk?

0to 10, idem AT

>>> [if yes] how pleasant would it be to walk there?

>>> [if yes] how safe from traffic would you feel?

>>> [if yes] how safe would you feel regarding tripping and falling?

Are there any other destinations you would like to go to but struggle
to get to?

if yes - where would you like to go?

Selected HTS destinations, as above

(what is this destination, if not already answered)

How important is it for you to go there?

0to 10, idem AT

Can you tell me why you don't go there?

Is the distance to this destination something you could do on foot/by
wheelchair?

>>> [if yes] how easy would it be to walk?

0to 10, idem AT

>>> [if yes] how pleasant would it be to walk there?

0to 10, idem AT

>>> [if yes] how safe from traffic would you feel?

0to 10, idem AT

>>> [if yes] how safe would you feel regarding tripping and falling?

Is there something else you would like to add?

Open
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5C: Coding protocol

Input:
Barrier encountered on Rescripton Unpleazantness
walked trips [score, 11-111)
Words used | Topic
Interaction w/ Clutter,
traffic footpath
I 5 T 1 width and/or
Difficulties Access traffic Waiting Traffic noize, crowding
to cross across fp tme furnes
Lack of
light
Unpleazantness
=T
CHfRculty AN DY
OR unpleazantness
LN

|hypethetical, didn't come up from the interviews;
ould have been related to perceived e lusio

PURLZEL e R RN R o oo . pihigs

&g, grass, Ll naiEy nat adog, nat pleasant atall, I'm
Ay weth haw cran st s | hate b

Plaasurahil ity
eg. they soem ta v it hke g spoodway; waary of of-

laachdags
Comfort
2. taa much waiting; rau have ta find where the
ing s, that day; n
il 2 Conwaniance [

& seary. dangsraus, a trip harard, makes me nervaue,

=g, T almast have ta planin advancs haw | get grawnd
it

_—Not uzed becausetrips walked

are by definition feasible
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5C2: WE categories, for coding

The list of considered features of the WE was first developed after the general literature review (chapter
2). It included those features that had been associated with walking or that were assumed to be
associated but for which evidence was not sufficient yet. The table below presents the examined
factors, each having specific categories attached to it. While the factors aim at distinct characteristics,
the categories can have overlapping definitions. This is due to the lack of consensus on the WE
categorisation and the ensuing variety of constructs examined in different studies. For instance, some
will examine street connectivity while others will look more specifically at pedestrian connectivity. Here,
the choice was made to have categories that relate to the aspects commonly studied, so to ensure a
more specific description of the associations between WE features and perceptions.
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Dimension Category

Reasons for inclusion of the category Subcategory

Destinations a

Distance to desired
end destinations

Overall access to destinations has associated
with walking [12—-15]. Walkability indices
typically calculate a score based on combined
availability of different types of destinations
(e.g. [16, 17]), however the levels of
agreement between those measures and the
users’ perceptions can range from poor to
almost excellent [18].

Different types of destinations can have
different levels of importance for users (e.g.
[19]); however, they were grouped for the
interviews due to (1) the relatively low
number of mentions; (2) the fact that
interviewees were not talking about any type
of destination but only those desired (e.g.
often not talking about "the shops" in general
but about that specific shop they want to get
to); and (3) trips combining purposes and
destinations.

Residential density

The residential density has been associated
with walking levels although review authors
report inconsistencies in findings [12-15, 20,
21].

Distance to public
transport stops

Access to public transport has been
correlated with levels of walking although
with some inconsistencies in findings [12, 13,
15, 22].

Walking network al

a2

Street connectivity /
block size

Proposed as a high level determinant of
walkability indices [17] and associated with
walking levels although with inconsistencies
[12-15, 20, 21].

Pedestrian
connectivity

Pedestrian connectivity is more consistently
correlated with walking than street
connectivity [15, 20, 22, 23]. Vale et al note
the importance of differentiating between
pedestrian connectivity and street
connectivity, as street connectivity doesn't
necessarily represent well the connectivity as
experienced by pedestrians [23].

Detours (for instance related to using a
pedestrian overbridge) can be seen as an
extra effort [24] and were included in the
general notion of connectivity.

Stairs

Stairs can be challenging or dissuasive for
elderly people [24, 25]., but are variably and
infrequently assessed [25].

Topography

Vale et al not the importance of slope in the
accessibility assessment, and its insufficient

and inconsistent consideration in walkability
indices [23].

Walking a
environment
quality

Footpaths

Footpaths are a core aspect of pedestrian 1  design (width, directness);

infrastructure. Footpaths width has been including fixed obstacles and the

historically associated with levels of service clear width they leave

and still appears in some indicators [26]. The
available width, its reductions through

materials, execution

objects or clutter, and the quality of the absence

surface can be particularly important for
some populations, e.g. wheelchair users [14,

27]. Different types of possible barriers have
been examined separately.

2
3
4  temporary obstruction/ clutter
5

maintenance
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b

C

Obstructions can be particularly important
for some populations, e.g. people with
mobility impairments [3, 21].

Traffic

Higher traffic speeds have been relatedto 1
difficulties of crossing the streets [28, 29] and 5
with perceptions of safety [30].

Traffic volume has been associated with 3
human perceptions since the 1960s [31-33]. ,

Noise has been associated with well-being
(e.g. recent review by Maurer Braun and
colleagues [34]) and with walking, but
evidence is limited and results are mixed [14,
22, 35]. Noise can be particularly important
for people with limited vision, as an indicator
of vehicles’ travel paths [36]. Air pollution is
assumed to have similar consequences as
noise, possibly with even less available
evidence [22].

Safety from traffic has been in turn diversely
correlated with levels of walking, which can
be due to the diversity of measurement
methods [12, 13, 15, 22] — traffic speed is
included here as one possible objective
dimension that could contribute to
perceptions of safety.

volumes and speeds

noise and pollution

traffic across the footpaths

sharing space with bicycle riders

Crossing facilities

Crossing facilities can act as facilitators or 1
barriers, if the provision is adequate or
lacunar [14, 22, 28]. Perceiving crossings as
difficult can correlate with dramatically
reduced walking trips [37, 38]. Interrupted
pedestrian infrastructure can have serious
consequences, especially for people with
reduced mobility [14, 22, 27]. Both provision
and detail of execution (possible barriers) can
be important and have therefore been
examined separately.

non-signalised: layout, geometry

signalised, waiting time

signalised, layout, geometry

signalised, drivers’ behaviour

availability of appropriate xing
facilities

Conjunction: crossing
facilities AND traffic
conditions

Crossing facilities can act as facilitators or
barriers, if the provision is adequate or
lacunar [14, 22, 28]. Perceiving crossings as
difficult can correlate with dramatically
reduced walking trips [37, 38].

Activation: presence

of other people, “eyes associated with walking levels — e.g. recent

on the street”

The presence of other people has been 1

Presence of other people walking

review by Salvo and colleagues [22]. Jane
Jacobs’ seminal work presented this

Presence of other people
sojourning/playing

characteristic as crucial for the quality of the 3
broader street environment since the 1960s

Transparent facades, café/shop
windows

[31] and had been further developed and
illustrated namely by Jan Gehl across the

Presence of police

world [32]. These two authors consider the 5
transparent facades as an integral part of this

Presence of people seen as
threatening

element of natural surveillance, coined “eyes
on the street” [31]. 6

The presence of people seen as threatening
can be associated with levels of walking,
although with inconsistencies [13, 22]. It
could be confounded by individual
characteristics and is included here given the
need to gather better evidence.

Empty street/road
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Presence of police seems to be associated
with walking but in inconsistent ways, as
outlined in the recent review by Salvo and
colleagues [22]. It could be confounded by
individual characteristics. It is included here
given the need to gather better evidence of
what it means for whom.

Street furniture

The possibility to sit can be important for 1
older populations [13] or people with
disabilities [30].

presence (benches, ...)

layout

Use of the space by
other people,
(in)civilities

Littering, vandalism and decay have been
negatively associated with walking [13, 22].

Landscape

Greenery, landscaping and sceneries defined 1
as “pleasing” have been positively but
inconsistently associated with walking, as
reported in recent reviews [12, 13, 15,22]. 3
Street aesthetics have been associated with
walking levels [39, 40].

architectural quality

views

greenery

Holistic design quality Jane Jacobs and Jan Gehl have been amongst

authors to illustrate the importance of street
proportions and human scale from an
ethnographic perspective [31, 32].

Lighting (presence,
quality)

Lighting was positively but inconsistently
associated with walking. [13, 15, 22]

Shelter (presence,
quality)

Importance of shelter has been
ethnographically demonstrated by Jan Gehl
[32] and outlined as important for bus users’
perception of quality of service [30]. The
evidence is however limited.

Availability of
toilets/water

Availability of water and toilets can be
assumed to play a role especially for older
populations, but evidence is limited and
inconsistent. [13]

Separate design
features for PwDs

Older and disabled people can feel
stigmatised by separate design features [41].
These features can be perceived as pointing
their old age or disability, when they are
noticeable and fixed in place [41].

Broader transport a

system - ease,
convenience and
cost of
alternatives

Public transport

Walking is typically the first/last mile 1
associated to public transport, and the

quality of PT connections can motivate to use
PT and walk to/from [42, 43]. The ease of use 2
includes the ease of access, covering aspects

availability and efficiency of public
transport services

accessibility of public transport
bus stops (design)

such as steps or stairs [30]. 3 cost
4 comfort and lighting of PT stops
Driving Convenience of driving and parking have 1 ease, overall
been found to deter from walking [44-46]. — -
AT survey confirmed those aspects and 2 availability of parking
added the dimension of cost [42]. 3 cost of parking
4 travel times
5  environmental pollution

Other modes

Levels of walking were related to the ease, 1
efficiency and cost of alternatives available
[42]. Public transport and driving are the

efficiency of rideshare

cost of rideshare

bicycle - travel time
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most obvious ones, included above. Here, we 4
also include rideshare/taxi, and bicycle riding.

5

bicycle - good infrastructure
available

bicycle - ease of parking

69



5D: Results — frequencies of mentions of topics against different questions

Dimension Category Subcategory Motivations, Deterrents, Barriersto  TOTAL, Choice of Appealing Unpleasant TOTAL,
overall overall walking  person- NOT features (>6/10) trip-
specific trips level walking noted, for level
trips walked
Destinations  Distance desired end destinations 7 13 11 31 2 6 20
Distance to public transport stops 2 0 0 2 0 0 0 0 0 0
Walking Street connectivity / block size 0 3 1 4 0 1 2 1 0 4
network Stairs 0 0 0 0 0 0 0 0 0 0
Topography 1 4 2 7 1 2 6 2 0 11
Street Footpaths design (width, directness) 0 0 4 4 0 0 30 3 3 36
envm.)nment materials, execution 0 0 0 0 0 0 0 1 3 4
- quality
absence 0 0 0 0 0 0 0 0 1 1
temporary obstruction/ 0 0 0 0 0 0 0 0 5 5
clutter
maintenance 0 2 0 2 0 1 3 1 0 5
Traffic volumes and speeds 0 5 1 6 0 0 10 13 16 39
noise and pollution 0 2 0 2 0 1 2 2 3 8
Traffic across the footpaths 0 0 0 0 0 0 0 2 4 6
Sharing space with bicycle 0 0 0 0 0 1 0 0 0 1
riders
Crossing non-signalised: layout, 0 0 7 7 0 0 0 14 12 26
facilities geometry
signalised, waiting time 0 0 0 0 0 0 0 4 1 5
signalised, layout, geometry 0 0 0 0 0 0 0 2 0 2
signalised, drivers’ behaviour 0 0 0 0 0 0 0 0 0 0
availability of appropriate 0 0 0 0 0 0 0 1 0 1
crossing facilities
Conjunction: crossing facilities AND traffic 0 4 3 7 0 0 12 0 4 16
conditions
Activation: presence of other people, “eyes 3 2 4 9 3 2 11 2 3 21
on the street”
Street presence (benches, ...) 0 1 0 1 0 0 0 0 0 0
furniture layout 0 0 1 1 0 0 0 2 0 2
Use of the space by other people, 0 0 1 1 0 0 0 0 0 0
(in)civilities
Landscape architectural quality 0 3 2 5 0 0 4 2 1 7
views 1 0 0 1 0 0 16 0 0 16
greenery 5 3 0 8 1 0 49 0 0 50
Holistic design quality 2 4 4 10 0 0 13 2 4 19
Lighting (presence, quality) 0 1 1 2 0 1 0 4 2 3
Shelter (presence, quality) 0 2 0 2 0 0 0 0 2 6
Availability of toilets/water 0 1 0 1 0 0 1 1 0 2
Broader Public availability and efficiency of 10 0 2 12 15 3 0 0 0 18
transport transport public transport services
system accessibility of public 3 0 1 4 0 0 0 0 0 0
transport bus stops (design)
cost 0 0 0 0 2 0 0 0 0 2
comfort and lighting of PT 0 0 0 0 0 0 0 0
stops
Driving ease, overall 2 1 1 4 0 8 0 0 0 8
availability of parking 3 0 0 3 9 1 0 0 0 10
cost of parking 0 0 0 0 3 0 0 0 0 3
travel times 1 0 0 1 0 2 0 0 0 2
environmental pollution 1 0 0 1 0 0 0 0 0 0
Other efficiency of rideshare 0 0 0 0 0 0 0 0 0 0
modes cost of rideshare 0 0 0 0 0 0 0 0 0 0
bicycle - travel time 0 0 0 0 0 2 0 0 0 2
bicycle - good infrastructure 0 0 0 0 1 0 0 0 0 1
available
bicycle - ease of parking 0 0 0 0 0 1 0 0 0 1
Total 41 51 46 138 47 28 165 59 64 363
% Street qual 27% 59% 61% 50% 9% 21% _ 77%
Does street quality appear more often? Chi2 p <.01 <.01 <.01 <.01 <.01 <.01
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5E: Results - levels of difficulty and unpleasantness scores against

individual and trip-related attribute variables

Table 1: Variables associated with difficulty and/or unpleasantness of the barriers reported. The splits
displayed are those for which dichotomised difficulty and / or dichotomised unpleasantness (>=6/10 or
not, for both measures) were significantly different for different values of the variable (Chi2 measure,
p<0.05)

Difficulty Unpleasantness

Variable m sd m sd
Impairment No 5.9 24 6.6 1.9
noted Yes 6.8 2.1 7.1 2.3
Purpose Work, shopping, social,

appointments, errands 6.5 2.1 6.9 2.0

Sport and exercise 33 33 6.5 3.5
Barrier having a No 5.7 3.0 6.8 2.8
street design
attribute Yes 6.6 1.8 6.8 1.7
Having an [not significant at
alternative to No 6.5 2.3 p<.05]
walking the trip Yes 6.3 2.3
Traffic along [not significant at
route noted as No 6.0 2.3 p<.05]
barrier Yes 7.7 1.4
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Perceived unpleasantness

Perceived difficulty

Perceived difficulty of barriers vs perceived unpleasantness
Interview data v1 02May20

10.0- 7
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0.0-
0 : NA
Perceived difficulty, dichotomised; 0: <=6/10, 1: =6/10
Perceived difficulty of barriers vs purpose of the trip
Interview data, only purposes with =10 trips w1 02May20
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Shopping Social visitentertainment Sport and exercise Volunteer work Work

Purpose
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5F: Results - frequencies of barriers noted

All barriers, disabled / not disabled

Count of t_code

Crossing facilities- non-signalised: layout, geometry
Footpaths- design (width, directness, obstructions; permanent or temp)
Footpaths- materials, execution, maintenance

Traffic: volume and speed

Holistic design quality

Traffic across the footpaths

Crossing facilities- signalised, waiting time

Lighting (presence, quality)

Traffic: noise, fumes

Crossing facilities- signalised, layout, time available
Activation: presence of other people, “eyes on the street”
Availability of toilets/water

Crossing facilities- signalised, red light running

Shelter (presence, quality)

Use of the space by other people, (in)civilities

Work sites, water dripping from them

Signalised crossings, other issue

Total

Difficult AND unpleasant, disabled / not disabled

Count of t_code

Crossing facilities- non-signalised: layout, geometry

Footpaths- materials, execution, maintenance

Footpaths- design (width, directness, obstructions; permanent or temp)
Crossing facilities- signalised, waiting time

Traffic across the footpaths

Holistic design quality

traffic: volume and speed

Use of the space by other people, (in)civilities

Total

Non-
disabled

27

o o0 L1 © L1 O

74
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6A: Rationale for the metrics used

Critical feature

Topics (interviews)

Selected measures

Rationale related to selected measures

Secondary data used

Data collection

Crossing facilities,
non-signalised:
layout, geometry

Having to pay attention to different
traffic movements, fast traffic speed
forcing to decide quickly, traffic speed

and density making it hard to find a gap,

feeling overall exposed; also, for blind
participants: overall noise making it
extremely risky to attempt crossing

1. Number of traffic movements in
conflict with the pedestrian crossing

The number of different traffic movements the pedestrian is exposed to is
a proxy of the complexity of crossing, indicated as an element of difficulty.

n/a

Observation in situ

2. Traffic volume across the pedestrian
crossing

Traffic volume (number of cars) was indicated as an element of difficulty
and is an important parameter for the design of the [47] pedestrian
facility.

Peak hour traffic volume [48]

When traffic count data is not available, or older than 10 years: count in situ (workday
outside of school holidays, 4.30-5.30 pm - peak identified from the TomTom 2019 data [49]).
See appendix 6E page 86.Error! Reference source not found.

3. Percentage of heavy vehicles in the
traffic across the pedestrian crossing

Heavy vehicles are both a source of additional noise and are potentially
intimidating when crossing.

Percentage of heavy vehicles in
the average daily traffic [48]

n/a

4. Traffic speed and turning radii

The speed of the traffic across the pedestrian crossing can contribute to
the difficulty and sense of vulnerability. Direct left hook radii were
examined as proxies for cornering traffic speeds (Turner et al, NZTA) and
safety-related issues (left turning traffic comes almost from behind the
pedestrian crossing in the same direction —illustration)

Speed limits [50], a series of
measures for the cornering

For intersections: measure of the turning radii based on aerial photo (Auckland Council's
geoportal [51] 1:250). Traffic speed was measured for a selection of intersections having

speeds and an estimate of the v85 different left hook radii. The methodology is detailed in Error! Reference source not found..

speed going straight (see below,
data collection)

5. Type of crossing

The type of crossing is important for the prioritisation of retrofit (*what*
to target) and is typically prescribed by the guidelines [47].

n/a

Observation in situ

6. Distance to cross

The distance to cross is directly related to the time someone is exposed to
the traffic.

Auckland Council's geoportal

Desktop data collection, Auckland Council's geoportal [51], and measuring tool (1:250)

7. Number of lanes to cross Allows to calculate the traffic density per lane n/a Observation in situ
8. Presence of constraints to traffic To inform the Healthy Street metrics and identify possible patterns (e.g.  n/a Observation in situ
movements and speeds generalised absence of constraints)
Footpaths design Difficulty of having to dodge people and 1. Footpath width: width of the walking The difficulties relate to the usable width, alone or in combination with the n/a Measures in situ (walk along, noting the typical widths and the localised narrowing due to

& obstructions
(width, directness,
obstructions)

obstructions (e.g. scooters abandoned
on the footpaths or containers) -
irritating for non-disabled people, and
problematic for blind / low vision
people.

route at its narrowest point,
considering the obstructions present

pedestrian flows using the footpath and/or the obstructions present

street furniture for instance). The obstructions can be different on different days. The
observed obstructions are described.

2. Length of the segment <2m and
<1.5m

Auckland Council's geoportal

Desktop data collection, Auckland Council's geoportal [51], and measuring tool (1:250). The
lengths are measured separately for both sides, and the critical side is taken into account
(relating to the frequent difficulties to cross / possible inability to use the opposite side)

4. Pedestrian traffic through the
narrowest section, peak h

Pedestrian traffic allows to put in context the footpaths width. Most
guidelines recommend widths in relation to the business of the street.

Automatic pedestrian counts for
locations in the city centre [52]

For the locations where pedestrian counts were not available, manual counts were done on
workdays outside of school holidays, at the estimated peak time (4.30-6 pm). See Error! R
eference source not found..

5. Observation: what causes
obstructions? Nature of built in or
temporary elements that cause a
narrowing of the footpath

n/a

Observation and measures in situ (walk along, noting the localised narrowing and the
causes).

Traffic volumes
and speeds

Discomfort caused by traffic volumes,
speeds, and resulting noise and fumes.
Unpleasant to walk along and causing
difficulties / impossibilities to cross.

1. Traffic volume (number of vehicles
passing along the indicated footpath)

Associated with discomfort of walking and difficulties to cross

See above (traffic data collection,
non-signalised intersections)

2. Traffic speeds

Associated with discomfort of walking and difficulties to cross

3. Proportion of heavy vehicles

Heavy vehicles are both a source of additional noise and potentially
intimidating if attempting to cross

See above (traffic data collection, non-signalised intersections)

Lighting (presence, Feeling unsafe by dark due to 1. Intensity of lighting (lux) Characterise the experienced lack of light n/a Measures in situ - See Error! Reference source not found.
quality) insufficient lighting. This can relate to

stranger danger or worries about falling 3 Type of lighting (functional, Characterise the type of lighting (human scale or not) n/a Observation in situ

(e.g. cracked walking surfaces) atmosphere? Blue or warm?)
Holistic design "Grey", uninteresting environments, Measures noted for traffic (above) and: Those aspects have been identified as major characteristics of street See above See above

quality

with "not much going on" and/or car-
oriented and unpleasant in part
because of the traffic present

1. Street width

2. Carriageway width

3. Typical number of lanes

4. Facades transparency - Percentage of
transparent facades along the indicated
segment

5. Typical street proportions

6. Tree canopies — distances between
canopies

7. Availability of safe crossings: average
distance between signalised crossings

amenity (e.g. Gehl and Healthy Streets framework)

Auckland Council's geoportal

Desktop data collection, Auckland Council's geoportal [51], and measuring tool (1:250).

Auckland Council's geoportal

Desktop data collection, Auckland Council's geoportal [51], and measuring tool (1:250).

n/a Observation in situ

n/a Visit in situ and rough mapping of transparent facades. Desktop calculation of length using
Auckland Council's geoportal. The side of the street with lesser transparency is taken into
account.

n/a Estimated visual width (from fagade to fagade) and heights, based on observation in situ

Auckland Council's geoportal

Desktop data collection, Auckland Council's geoportal [51], and measuring tool (1:250). See
supplementary file A.

Activation

Participants reported environments
that felt uncomfortable because of a
lack of human presence. In three of the
four cases, they specified that it was
after dark.

1. Pedestrian traffic, after dark for the
cases where it was specified, and at the
network peak hour otherwise

2. Facades transparency - Percentage of
transparent facades along the indicated
segment

Both metrics inform the low human presence reported by the participants.
The Healthy Streets framework considers them together when assessing
the natural surveillance (level of oversight of the street).

n/a

Measures in situ: manual 1/2h counts

n/a

Visit in situ and rough mapping of transparent facades. Desktop calculation of length using
Auckland Council's geoportal. Both sides of the street are examined separately and the
critical one is taken into account (considering the width of the indicated roads and the fact
that a transparent fagade on the opposite side offers limited overview).
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6B: Methods

Non-signalised intersections

Radii estimate
Kerblines were accessed through Auckland Council’s geographic information portal:
https://geomapspublic.aucklandcouncil.govt.nz/viewer/index.html
They can be displayed by:
1. Choosing “Environment”, within the six possible themes
2. Selecting “Kerblines”, within the LandCover menu

& C @& geomapspublic.aucklandcouncil.govt.nz/viewer/index.html

agiandsz  GEOMAPS "
Council . st nie o b ol st =

N

Info Legend

W Catchments And Hydrology
M Emergency Management
Wi Biodiversity(Public)

FdLandCover
Kerblines —
[l 'mpervious Surfaces ZOOSD
Il Building Footprints [

Marine Moorings

Address

Contours

<< PNF=—=> < <<

PdLandbase

Basemap

NZTM : 1756115,5918916 + [l

For each examined intersection, radii were estimated based on 1:250 kerblines map and aerial photo, as
follows:
1. Tracing the vehicle path for the movement turning left onto the pedestrian crossing. The path
consists in three lines:

O Inner limit, following the left-hand side kerbs; this represents the limits of the left side
of the area swept by the vehicle’s chassis.

O Outer limit, following the road centre lines; this represents the limits of the right side of
the area swept by the vehicle’s chassis.

O Path axis (centre line), being situated in the middle of the inner and the outer limits. The
path axis is further used to estimate the radius [53]. To be noted that in some cases, the
carriageway space available allows the driver to choose different cornering approaches,
more or less tight. In those cases, the path axis examined was a practical fast curve,
approximated as being 1.5m away from the inner limit (=~ half of the vehicle’s chassis
(1m) and a movement buffer (0.5m).
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2. Tracing the axes of the two roads or streets intersecting. As for the path axis, in the case of
carriageways wider than 3.5m, the axis is traced 1.5m from the left-hand side limit.
3. Tracing two tangents to the path axis, located at
o the point where the path starts deviating from the axis of the street or road on which
the vehicle was initially driving (A)
o the point where the path merges with the axis of the street or road towards which the
vehicle moves (B)
4. ldentifying the centre of the turning radius, at the intersection of the two tangents
5. Tracing a circle with R=turning radius, to verify the fit with the vehicle path, and measuring the
radius

Adobe Illustrator was used for this process although different vectorial drawing tools could be similarly
helpful.

Speed of traffic in

conflict with the

pedestrian crossing
d and mutual visibility

yehicle pathinconfict #2 =S
AL

e,
42\’\\0\

Nk
R, V‘\m}%y :

Crossing dista

Speed measure

Cornering traffic speeds were measured in six locations having different geometries (kerb radii) using
the Stalker ATS Il speed gun [54] and measuring the speeds of 100 vehicles at each location. Only free
vehicles were considered (i.e. not driving immediately behind other vehicles), excluding those that
stopped before the curve (e.g. at the red light or to let pedestrians cross). Descriptions of the locations
chosen and the rationale for these locations being chosen as case studies are presented below.
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Table 2: Case study locations for the measures of cornering speeds

Left hook Location Comments

radius [m]

8 Central Street - New North Smallest of the problematic radii

Road, Kingsland

12 Newton road onramp This specific hook was noted by three participants
and the radius corresponds also to seven other
cases (Dominion road side streets). The chosen
location has a casual pedestrian crossing and no
“side friction” — it is located on an overbridge,
without parking, buildings, trees or much
footpath activity.

18 Slip lane Dominion-Balmoral In theory, allows 30 km/h. The considered
location has a zebra crossing.

22 Carlton Gore — George St One of the largest indicated radii and associated
with a cornering traffic movement perceived as
particularly dangerous and complicate to
negotiate

30 Piwakawa St — lan Mclnnon Location chosen because of a particularly large

Drive radius coupled with a quasi-absence of side

friction, making it conceptually comparable to the
Newton Road onramp. The intersection is
signalised.

The aim was to capture speed measures so that line connecting the speed gun and the vehicle would be
aligned with the vehicles’ direction. This ideal case scenario was not always possible, namely in presence
of wide, multi-lane roads, where the line of sight was obstructed by important traffic flows.

The best location often presented a deviation (o on the image below) with the ideal line of sight (dashed
line). The measures taken were therefore corrected: Veorrected = Vimeasured / €OS(Q1).

Instant speed

vehicle

Radar —
vehicle line
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Speed was measured with a hand-held radar gun® at the level of the pedestrian crossing, tangentially to
the travel path (vehicle traveling outbound, unless otherwise specified). Speed was analysed only for
free vehicles (not impeded by a preceding vehicle, not having had to stop before taking the corner and
without a presence of pedestrians that could have influenced the choice of speed). During the data
collection, speed reading was noted, marking also the possible presence of pedestrians on the crossing
or waiting to cross, with special marks for larger vehicles (van, truck, or car with trailer). In the analysis
process, the measures where pedestrians were present were not considered. All vehicle types were
however analysed together.

The speed could be influenced by (1) The presence of pedestrians wanting to cross; (2) The presence of
pedestrians on the crossing; (3) The vehicle type (e.g. van or truck). Those aspects were captured as
meta-data, labelling each measure as appropriate. Cars that stopped for pedestrians were not included
(speed with "presence of pedestrians" = car slowed down/ dodged pedestrians but didn't stop).
Precautions were taken not to influence the vehicle speed (the surveyor was by default standing with
her back to the traffic and pointing the radar towards the vehicle only when they had passed her.

Estimate of the V85 speed

All the crossings reported as problematic and all except one sections where traffic along the footpath
was reported as being a barrier are on arterial roads with similar typologies: 50 km/h speed limit, two to
four lanes, limited gradient, some side friction (non-signalised intersections, kerb parking, access to
shops or destinations. V85 was estimated on one arterial in question (New North road through
Kingsland neighbourhood centre). The examined location is typologically comparable to the other cases
and provides a relatively conservative estimate of the speed as it is on the higher end of the range,
regarding side friction (higher footpath activity and kerb parking).

6 Applied Concepts, Inc. 2018. “ATS Il The STALKER Acceleration Testing System.”
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Footpaths

Footpaths widths

Footpaths widths are frequently inconsistent, built with varying standards along a same street and
narrowed by built-in or temporary obstacles, or even by people standing. The narrowest section was
identified and informed, for each street, as per Healthy Streets Guidelines [55]. This measure can
however be misleading as it could relate to very diverse situations. It could be assumed that (1) a wide
footpath having one localised narrowing of the width x; (2) a footpath having a continuous width x on its
entire length; or (3) a footpath having a through route of the width x available but slaloming between
obstacles on the left and the right side, could yield three different experiences. In addition, the presence
of people and the traffic could influence the perceptions. Some interviewees spoke of the footpaths
width and proximity to traffic as two notions that are associated, with the idea that the edge of a
footpath close to a dense and/or fast-moving traffic is de facto not usable. The width of that non-usable
area is not clearly defined. Additional metrics were added to help differentiate the contexts (percentage
of the section length narrower than 1.5 and 2m) but have their own limitations (arbitrary limits). The
variety of obstacles and their disposition (more or less obvious, allowing or not a straight path) are
difficult to measure. While the guidelines and best practice speak of a direct through route, clear of any
obstruction, on the ground this through route often cannot be visualised, especially when permanent or
temporary obstructions are present on one or the other side, in alternation, and sometimes both
simultaneously (see Figure 7). Temporary obstructions that participants noted on their usual routes are
by definition variable and induce variable remaining through route widths (or in some cases, the
disappearance of the through route). One or even several visits in situ cannot claim to have measured
and identified the obstructions as experienced and remembered by the participants.

Pedestrian counts

Ad hoc counts were coordinated by the first author and realised by six research assistants (post
graduate students from the same School). The counts aimed at gathering (1) pedestrian volumes, for
those streets where footpath crowding or difficulties of dodging other people were noted; and (2) traffic
volumes, for crossings where automatic count data was not available. For both counts, it was decided to
realise manual counts during the peak hour. The decision was mainly driven by the desire to capture
diversity of the pedestrians (e.g. walking, mobility device, children in prams, people on scooters) and the
need to observe specific constraints (for instance, people waiting for the bus and therefore obstructing
the footpath). An adapted version of Gehl Studios record sheets [56] was used. It was financially and
logistically not possible to count pedestrian volumes for several days, from morning to evening. Peak
hours were therefore targeted, estimated namely from available automatic counters. The realised
measures are presented below. All measures were taken outside of school holidays and also outside of
New Zealand’s COVID-19 lockdown.

Issue reported by
participants
Busy / crowded footpaths

Surveyed period Time of the day Survey days

90 minutes at each site —
allowing to adjust locally
the peak hour definition
and consider the maximum
60-minutes traffic

from 4.00 pm till 5.30 pm Tuesdays, Wednesdays and
Thursdays outside of school

holidays and NZ lockdown

Busy / crowded footpaths
near schools, only at school
start/finish

As before, and in addition:
30 minutes leading to the
school start or immediately
after the end of the school
day.

8.00-8.30 (Kelvin School,
Papakura, classes starting
at 8.30 am)

15.00-15.30 Dominion Rd
School (classes finishing at
3pm)

Week days outside of
school holidays and NZ
lockdown

Absence of other people

20 minutes

Sunset/dark, if mentioned
by the participants (7-
8pm); 4-5pm if not
(previously identified peak
hour)

Week days outside of
school holidays and NZ
lockdown
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The second lockdown for Auckland city, that happened on 12" August 2020 happened halfway through
the campaign of counts, that was resumed on 20 October 2020. However, the measure should be seen
as an estimate, given the uncertainty of the peak hour but also the large variability of pedestrian flows
on different days. The dispersion of pedestrian counts based on automatic counts made in High Street

(Auckland Central) before the street was transformed is presented below.

High Street 2, pedestrian counts July-October 2019, week days, outside of school holidays
Source: Heart of City pedestrian counts - https:/iwww_hotcity.co.nz/city-centre/results-and-statistic s/pedestrian-counts
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Tree canopies

Distances between canopies are examined separately for both sides of the street and the critical gap is
taken into account (considering the difficulty to cross the indicated roads due to generally large

carriageway widths, heavy traffic, and scarcity of signalised intersections, meaning that it is not always
feasible to change sides to benefit from the tree shade).
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6C: Findings, non-signalised crossings

Selected
measures

Best practice recommendation — Healthy
Streets [55]

Local guidelines -

NZTA Pedestrian Design Guide [47]

Auckland Transport Design Manual [57] and Engineering Design Code [58,
59]

Findings for each individual metric

Findings vs Auckland’s context

1. Number of
traffic
movements in
conflict with the
pedestrian
crossing

No specific recommendation. Metric #12 specifies
that people should not feel intimidated by
vehicles.

No specific recommendation. General idea that lesser complexity
is better.

No assessment thresholds (e.g. above which a signalised intersection should be
planned) but the Intersection design should aim for intersections to be easy and safe
to navigate for all users (p. 159). The number of conflicts is not to be reduced per se,
but conflicts need to happen at survivable speeds and users must be able to see each
other (p. 158). Geometrical layout can be used to reduce the complexity, namely by
allowing pedestrians to cross traffic movements in sequence, and not simultaneously
(p. 159). Separation in time and space should be provided "if needed" (p. 158).

The number of traffic movements in conflict with the
crossing, as a proxy for the complexity, shows no
obvious relationship with difficulty: 24 of the
instances are exposed to one or two traffic
movements, or a relatively low complexity.

Not exceptional in Auckland’s context
(typically: 4-way intersections, 3-way
intersections and midblock crossings,
respectively 4, 3 and 2 movements in
conflict

2. Traffic volume
(number of
vehicles) across
the pedestrian
crossing

Metric #1 total two-way traffic, peak hour
Ideal (score 3): <500 vehicles/h (v/h)
Score 2: 500-1,000 v/h

Score 1: > 1,000 v/h, bike lane

Score 0: > 1,000 v/h, no bike lane

Metric #10 Midblock crossings, suitability
Ideal (score 3): <200 v/h uncontrolled
Score 2: 200-1,000 v/h uncontrolled

Score 1: > 1,000 v/h uncontrolled

No assessment thresholds (e.g. above which a signalised
intersection should be planned): traffic volumes enter a
calculation of levels of service, together with the physical aids
provided and speed. The acceptable or desirable levels of service
are to be set by local authorities.

The guideline notes that traffic volume reduction is beneficial (p.
2-4), without quantifying it, but also that “On busier roads, kerb
extensions and a raised median or pedestrian island can provide
excellent safety benefits and a satisfactory level of service at flows
above 1500 vehicles per hour.” p. 6-10)

No assessment thresholds (e.g. above which a signalised intersection should be
planned). Traffic volumes are noted to influence the choice of crossing (p. 170). The
manual doesn’t provide thresholds, as it does for bicycle crossing planning (p. 79) but
the traffic volumes enter the calculation of levels of service of specific facilities [60]

Traffic levels measures showed a high dispersion,
from 50 to 1,720 vehicles per hour (median: 800, IQR
1,470).

Nine of the instances have peak hour traffic below
200 vehicles per day, which would award them the
highest score regarding the appropriateness of non-
signalised crossings, in the Healthy Streets approach
[55]. Five of those cases also had pedestrian refuges,
four with a stop sign for the traffic exiting the side
street.

Traffic volumes higher than 500 vehicles/h
are not exceptional for Auckland. This is the
case for 58% of the traffic measures
available across the city (see supplementary
file E).

3. percentage of
heavy vehicles
(HCV) in the
traffic across the
pedestrian
crossing

No metric regarding interaction of HCV with
pedestrians (metric #2 addresses interaction with
bike riders; ideal: <2% HCV)

Metric #5, noise from large vehicles

Ideal (score 3): <5% HV, peak

Score 2: 5-10 % HV, peak

Score 1: > 10 % HV, peak

No assessment thresholds. The guideline examines notes HCV
only from the perspective of their requirements regarding road
layout geometry, encouraging even to consider slip lanes at
intersections with high volumes of HCV (p. 6-24).

No assessment thresholds. The manual acknowledges the impacts of heavy traffic on
noise and air pollution and recommends taking measures to minimise the impacts —
for instance by restricting movements of heavy vehicles through residential areas or
putting in place time-specific restrictions (p. 107).

Heavy vebhicle traffic was available as a percentage of
total traffic, and not peak hour traffic, for 20 of the
30 instances.

Considering the total traffic and the thresholds from
the Healthy Streets approach [55], two instances had
<2% heavy traffic, twelve had less than 5% and eight
>=5%.

The measures were not exceptional for
Auckland: heavy vehicles proportions are
available in over 3800 recent measures
across the city, 73% are under 5% and 27%
above.

4. traffic speed
and turning radii

Metric #3, speed of motorised traffic
Ideal (score 3): v85 <32 km/h

Score 2:v85 32-40 km/h

Score 1: v85 40-48 km/h

Score 0: v85 >48 km/h

No assessment thresholds (e.g. above which a signalised
intersection should be planned). Speed enters the calculation of
pedestrian levels of service (i.e. waiting time) and influences
design (e.g. no zebra crossing or platforms above 50 km/h). The
cornering traffic and its speed influence little the scoring: the risk
of a vehicle cornering at speed is not part of the assessment. The
method applied to one of side streets off Dominion Rd (Rowan St)
yields the level of service A.

Notes that radii should be minimised but also that their
calculation is based on vehicle tracking and road network
hierarchy, not pedestrians (p. 15-23). Slip lanes are suggested “if
large kerb radii are required” (p. 15-23).

No assessment thresholds but non-signalised crossings are discouraged if speed is
higher than 50 km/h (p. 162). Traffic speeds are noted to influence the choice of
crossing (p. 170) but unlike for bicycle crossing planning (p. 79), thresholds are not
provided.

Kerb radii are acknowledged as key element for the safety of intersections (p. 160).
Minimal values allowing the passage of design vehicles should be used —it is stressed
that not every intersection needs to cater for every vehicle, and that occasional
difficult turns are acceptable (p. 160).

Desired cornering speed enters the calculation of levels of service of specific facilities
[60] but the manual and the engineering design code relative to pedestrian
infrastructure don’t provide an overview of radii to consider and their relationship to
speed.

The locations were all in 50 km/h speed limit areas,
across arterials or their side streets. V85 speed
measures are not available from Auckland Transport
and were estimated to 47 km/h (N=90 free vehicles,
median: 42 km/h, minimum: 31 km/h; maximum:
54km/h; 1QR 6 km/h)).

V85 for the cornering speeds were estimated
between 23 km/h (8m radius) and 42 km/h (30m
radius).

Detail: see supplementary file D.

All the cases were in areas limited to 50
km/h, which is the typical speed limit in
Auckland’s urban areas [50].

The radii measures are not readily available,
and it wasn’t possible to produce a
distribution of the levels found on
Auckland’s network. It is however expected
that the vast majority will be above 3.5m, as
this corresponds to typical road design
standards for a 50 km/h environment
(highways manual).

5. type of
crossing /
provision of
crossing aids

Metric #8: Ease of crossing side roads for people
walking

Ideal (score 3): side roads closed to vehicles
Score 2: features encouraging cautious driving
Score 1: dropped kerbs only

Score 0: no dropped kerbs

Metric #10 Midblock crossings, suitability

Ideal (score 3): uncontrolled, <200 v/h or zebra (or
signalised, with pedestrian priority)

Score 2: uncontrolled, 200-1,000 v/h

Score 1: uncontrolled, >1,000 v/h (or signalised,
d>15m, speed limit >50 km/h)

No strict rules. Aids enter the calculation of levels of service (i.e.
waiting times) and improve it (p. 6-9) and notes that non-
signalised crossings with physical aids can be satisfactory even
above 1,500 vehicles/h (p. 6-10). The guideline warns also about
the delays for traffic when zebra crossings or signalised crossings
are installed (p. 6-11)

No strict rules. Choice of crossing is presented as dependent on traffic speed and
volume, pedestrian volumes, and street layout (p. 170) but thresholds are not given.
Intersection redesign should examine current pedestrian behaviour, including
informal crossings; participation (older, younger, disabled people); crash history; and
safety of existing conflict points (p. 185) but the manual doesn’t provide assessment
thresholds.

Eighteen crossings were casual without any physical
aid; two were zebra crossings across slip lanes; and
ten were casual crossings with additional crossing
aids and/or traffic management devices: a refuge
(five cases); a refuge and a STOP sign (two cases), a
STOP sign, refuge and red marks across the
carriageway (two cases) and a raised platform (one
case). As seen above (point 2), five of the crossings
having pedestrian refuges also had peak traffic levels
below 200 vehicles/h.

An overview of the numbers of crossings by
types has not been identified. However, it is
known that Auckland has just under 200
signalised intersections [61]. Although most
of these intersections are assumed to
provide signalised pedestrian crossings, the
number, spread over Auckland’s surface of
1,086 km2, indicates a low density of
signalised intersections. These elements
support the claim that the casual crossings
are typical of Auckland’s environment.

6. distance to
cross

Not clear — distances are indicated for signalised
crossings (Metric #10 Midblock crossings,
suitability;

Ideal (score 3): zebra (or signalised, with
pedestrian priority); Score 2: signalised, <15 m to
cross; Score 1: signalised, d>15 m, speed limit >50
km/h)

No strict rules. Distances to cross enter the calculation of levels of
service (i.e. delay) and the calculation of the crossing sight
distance to provide (p. 15-2).

No assessment thresholds. Compact intersections and shorter crossing distances are
recommended (p. 159, 195) but the manual doesn’t provide thresholds for assessing
the level of service, based on crossing distance. The design code specifies the
minimum width of the carriageway for the mixed use and main street collectors
(6.4m; Footpaths and Public Realm p. 31)

Distances to cross are generally important: All
intersections also involve crossing a distance >10m
(and even >20 m in three cases), except for one case
(slip lane, width = 5.4 m). The minimum crossing
distance would be 6m, but is wider in practice (traffic
lanes wider than 3 m and carriageways widened by
on street parking, medians or bus lanes)

The crossing distances are not exceptional
for Auckland, where even residential streets
tend to have two lanes of 3m and above,
and roadside parking.

7. number of
lanes to cross

No specific recommendation

No strict rules. The idea is that less lanes is safer. The guideline
recommends examining if road space can be reallocated (Table
6.1).

No assessment thresholds. The manual notes that the road layout can and should be
reconsidered, to provide for most efficient modes (p. 33), for instance by removing
slip lanes and reducing the number of single movement lanes (p. 189, 191).
Engineering Design Code notes that “Pedestrian signals are required where a
footpath route crosses multiple traffic lanes in one direction and vehicle speeds
exceed 30 km/h.” (p. 31)

The crossings (four exceptions) were across two
lanes of traffic; two were zebra crossings across a
single slip lane, one crossing was a diagonal across an
intersection (two times two lanes) and one crossing
was across two streets side by side (two plus three
lanes).

The vast majority of the crossings involved
up to two lanes, typical of any residential
street. The values are therefore not
exceptional.

8. constraints to
traffic
movements and
speeds

Metric #7: Reducing the use of private vehicles
Ideal (score 3): access only, no through movement
Score 2: some restrictions

Score 1:no restrictions

See also point 5 above

No strict rules. When considering improvements, the guideline
recommends questioning traffic volumes and speeds and
adapting them if possible (Table 6.1)

The manual recommends holistic design principles by type of street, with typically a
high pedestrian focus on main streets and local streets, coupled with an adequate
(re)allocation of road space to encourage active modes and measures to reduce
traffic volumes and speeds (p. 123). The used of filtered permeability is considered
for a network that prioritises walking "as the fundamental unit of movement" p. 38
without necessarily allowing all traffic movements.

The crossings didn’t present traffic constraints other
than the STOP signs and red markings mentioned
above (point 5, type of crossing and crossing aids). As
is usual in New Zealand, all traffic movements were
allowed.

The identified cases are typical of
Auckland’s context, where traffic access
constraints are few, and usually limited to
the city centre. The typical intersection
allows all traffic movements.

82



6D: Findings, non-signalised crossings, detail: traffic volume, turning radii,

speeds
Traffic volumes, across the reported instances
Average daily traffic [vhc/d] Peak hour traffic [vhc/h]

n median IQR minimum maximum  median IQR minimum maximum
30 9,525 16,738 970 23,500 780 1,459 110 1,720
Average daily traffic N cases % cases Average peak h N cases % cases
[vehicles/d] traffic [vehicles/h]
<1,000 1 3% <500 10 33%
[1,000-2,000( 7 23% [500-1,000( 7 23%
2,000-5,000] 1 3% [1,000-2,000[ 13 43%
5,000-10,000[ 5 17%
[10,000-20,000[ 7 23%
>=20,000 5 17%
NA 4 13%

Total 30 100% Total 30 100%

Traffic volumes and type of crossing

Non-signalised intersections: peak hour traffic and type of crossing
v3 15.9.2020 ; N= 30 ; N cases below 200, 500, and 1,000 vehicles/h=8; 10 ; 17

g Py Location of the crossing
- B intersection
1500 - % 2\ midolock
|

1000

Feak hour across the pedestrian crossing [vehicles/h]

|
500
|
200 = i
| n - u
casual casual + refuge casual + STOP &refuge  casual + STOP, red marks, refuge zebra (slip lane)

Type of crossing

Figure 3: Type of crossing and peak hour traffic



Number of movements in conflict

Non-signalised intersections: peak hour traffic, type and traffic movements
v3 15.9.2020 ; N= 30 ; thresholds: 500 vehicles/h (low traffic} and up to 2 conflicting movements (low conflict)

Location of the crossing

% u B intersection
m A\ midolock
1500 - %

® casual
|

Type of crossing

casual + refuge

1000 -

®

@ casual + STOP & refuge

@ casual + STOP, red marks, refuge
®

zebra (slip lane)

500

Peak hour across the pedestrian crossing [vehicles/h]

4 B 8
Number of traffic movement in conflict with the pedestrian crossing

Figure 4: Non-signalised crossings by peak hour traffic, crossing type and number of traffic
movements in conflict with the indicated crossing

Cornering radii and speed

Turning radii appear to be an important parameter, interesting also because this factor was acknowledged but

not strictly prescribed in the guidelines or the best practice. 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 presenting a range of radii
corresponding to those indicated by the participants. A total of 966 measures were examined.

The measures of speed relative to each radius band are presented in Table 3 and supplementary file D. The
speeds were predominantly above 20 km/h, and even above 30 km/h, for the highest examined radius. The
regression analysis revealed each additional meter of cornering radius was associated with 0.8 km/h higher
cornering speed (p<.001). The measures indicated that the speed selection could be higher than the
theoretical design speed, as calculated according to the AUSTROADS technical design guidelines [53]. For
instance, 78 measures were taken at locations having radii of approximately 8 m, corresponding to a design
speed of 20 km/h, and 30 of them (38%) were above 20 km/h. Despite some important differences between

the investigated locations (e.g. some had zebra crossings and others lights, one had a raised platform, and the

side friction varied), the speeds for each radius had approximately normal distributions centred around
increasing median values.
Table 3: Speed measures for different cornering radii (direct left hook)

Turning radius n median V85 IQR min max
[8-8.5 m] 78 18.7 22.6 4.9 7.6 27.7
[11.5-12 m] 199 20.8 24.8 5.3 11.1 39.7
18 m 215 25.8 32.8 6.2 8.3 53.4
22m 238 25.7 32.6 7.4 7.4 46.2
30 m 146 36.5 41.8 6.6 20.3 53.5
NA 90 41.1 46.5 6.2 30.9 54.4
all observations 966 25.9 38.3 13.6 7.4 54.4

84



Measures of speed
Hand-held radar gun Stalker ATS2 with cosine correction; n= 966

Inf.

30m

18m

Cornering radius [m] (centre lane, direct left hook)

[11.5-12m]

[8-8.5m]

0 5 10 15 20 25 30 35 40 45 50 55 &0
Measured speed with cosine correction [km/h]

Figure 5: Distributions of speeds for different cornering radii (direct left hook)

85



6E: Analysis of Auckland’s traffic volumes

Overview

Distribution of average daily traffic (ADT) values for Auckland City
All counts from 2010 and later, between Massey (NW limit) and Papakura (SE limit); bars: 1,000 and 2,000 vehicles/day (recommended limit/max for local paths)

1.0e-04-
% 5.06-05
2.5e-05-
0.0e+00-
[;l 10600
ADT traffic n %
[vehicles/d]
<1,000 637 16%
[1,000-2,000( 534 14%
[2,000-5,000( 691 18%
[5,000-10,000][ 615 16%
[10,000-20,000] 858 22%
>=20,000 525 13%

20[5[]0 30600
Average daily traffic (ADT), [vehicles/day]

Source: hitps:/idata-atgis.opendata.arcgis.com/datasets/average-daily-traffic-counts

40000 50000

Peak traffic n %
[vehicles/h]

<200 675 22%
[200-500([ 636 20%
[500-1000[ 603 19%
[1,000-2,000[ 920 30%
>2,000 269 9%
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R code

HEHHBRAHHRRHHBRAH BB BH YR RAHBRAHBRBHH BB AH BB RHH B BAHBBAH SRR AR R HH Y
#H#

### Auckland traffic overview

###
g

#oSetUP —— == mmm e

setwd("C:/Users/user/OneDrive - AUT University/a2-
STUDY_2_qual/4_BE_survey/2_external_data")

Tibrary(dplyr)
Tibrary(ggplot2)
Tibrary(wesanderson)
Tibrary(viridis)
Tibrary(stringr)
Tibrary(ggridges)
Tibrary(gridextra)
Tibrary(scales)

.version <- "v3"
.date <- "15.9.2020"

# Import data --------—---— -

AT_Traffic_counts_download_20.08.20 <- read.csv("C:/Users/user/OneDrive - AUT
University/a2-
STUDY_2_qual/4_BE_survey/2_external_data/AT_Traffic_counts_download_20.08.20.csv")
a <- AT_Traffic_counts_download_20.08.20

# 10,880 obs

colnames(a) [1]<-"X"

# Select Auckland city -------——--————— -

# Isthmus: approx: Massey / wWestgate (N-w) to Papakura / Red Hill (S-E)
Nw_Timit_Tat_lon <- ¢(-36.831195, 174.605873) # Coordinates from Google Maps
Nw_Timit_converted <- c(1743204.724, 5922649.384) # Converted to NZTM using
https://www.geodesy.linz.govt.nz/concord/index.cgi

SE_Timit_Tat_Tlon <- ¢(-37.071222, 174.970368) # Coordinates from Google Maps
SE_Timit_converted <- c(1775161.361, 5895409.881) # Converted to NZTM using
https://www.geodesy.linz.govt.nz/concord/index.cgi

NZTMX_interval <- c(Nw_Timit_converted[1l], SE_limit_converted[1l])
NZTMY_interval <- c(SE_Timit_converted[2], Nw_Tlimit_converted[2])

# Select observations within the rectangle NW-SE Timits
a_city <- a %%
filter(NZTMX >Nw_Timit_converted[1]) %>%
filter (NZTMX <SE_Tlimit_converted[1l]) %>%
filter(NZTMY <Nw_Tlimit_converted[2]) %>%
filter(NzZTMY >SE_Tlimit_converted[2])

# Filter ——--—-mm e

# Specify year, filter older than 10 years, and define motorway status
a_city_mw <- a_city %%

mutate(count_yyyy = str_sub(count_date, 1, 4)) %% # Extract the first 4 characters
of count_date, === year

filter(as.numeric(count_yyyy)>2009) %>%

mutate(motorway = case_when(str_detect(road_name, "MOTORWAY") |
str_detect(road_name, "HIGHWAY") ~ 1) )
# 3918 obs
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# Categories, for adt, HCv and peak -------------"-"--""--"o

a_city_mw$adt_category <- cut(a_city_mw$adt,

breaks=c(0,1000, 2000, 5000, 10000, 20000, Inf),

include.lowest=T, right=F,
labels=c("<1,000","[1,000-2,000[", "[2,000-
5,000[", "[5,000-10,000[","[10,000-20,000[", ">=20,000"))

a_city_mw$peaktraffic_category <- cut(a_city_mw$peaktraffic,
breaks=c(0,200, 500,1000, 2000, Inf),
include.lowest=T, right=F,
Tabels=c("<200","[200-500[","[500-1000[",
"[1,000-2,000[", ">2,000"))

a_city_mw$pcheavy_category <- cut(a_city_mw$pcheavy,
breaks=c(0,2,5,10, Inf),
include.lowest=T, right=F,
Tabels=c("<2%","[2-5%[","[5-10%[", ">=10%"))

# Subset: city, without motorways ----------=-—-——————————-—-———— -

a_city <- a_city_mw %% filter(is.na(motorway))
# 3896 obs more recent than 2009, 3896 excluding the motorways and highways

# Distribution ADT -------——--— -
col_inf_10 <- inferno(10, alpha = 1, begin = 0, end = .8, direction = 1)

a_city %% ggplot(aes(adt))+geom_bar(stat="1identity")

a_city %% filter (adt<50000) %>%
ggplot(aes(adt))+geom_density(color=col_inf_10[9], fill=col_inf_10[10])+
Tabs(title = "Distribution of average daily traffic (ADT) values for Auckland
city",
subtitle = "Al1 counts from 2010 and Tater, between Massey (NwW 1imit) and
Papakura (SE Timit); bars: 1,000 and 2,000 vehicles/day (recommended T1imit/max for
Tocal paths)",
X = "Average daily traffic (ADT), [vehicles/day]",
caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-
daily-traffic-counts")+
geom_vline(xintercept=1000, color=col_inf_10[3], size=1)+
geom_vline(xintercept=2000, color=col_inf_10[4], size=1)

summary_adt <- a_city %% filter(!is.naCadt)) %>%
group_by(adt_category) %>% summarise(
n=nQ,
percentage = n/nrow(a_city))
# 16% measures <1,000 vehicles per day, 14% 1,000-2,000

write.csv(summary_adt, file=paste("summary_ADT_Auckland_2010_2020", .version,
.date,".csv", sep="_"))
# Distribution peak-------------------------" -

a_city %% filter (!is.na(peaktraffic)) %>%
ggplot(aes(peaktraffic))+geom_density(color=col_inf_10[9], fill=col_inf_10[10])+

Tabs(title = "Distribution of peak traffic values for Auckland City (peak h
definition varies)",
subtitle = "Al1l counts from 2010 and Tater, between Massey (NwW 1limit) and
Papakura (SE Timit); lines: 500 & 1,000 vehicles/h (thresholds, Healthy Streets)",
X = "Peak traffic, average of typically 7 days of count [vehicles/h]"
caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-

daily-traffic-counts")+
geom_vline(xintercept=500, color=col_inf_10[3], size=1)+
geom_vline(xintercept=1000, color=col_inf_10[4], size=1)

a_peak_counts <- a_city %% filter(!is.na(peaktraffic))

summary_peak <- a_peak_counts %>%
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group_by (peaktraffic_category) %>% summarise(
n=nQ,
percentage = n/nrow(a_peak_counts))
# 42% measures <500 vehicles per day, 20% 500-1,000

write.csv(summary_peak, file=paste("summary_peak_Auckland_2010_2020",.version,
.date,".csv", sep="_"))

# Overview HCV === === oo o e e e e e e e e

summary_HCV <- a_city %% filter (!is.na(pcheavy_category)) %>%
group_by (pcheavy_category) %>% summarise(
n=nQ,
percentage = n/nrow(a_peak_counts))
# 14% <2%HCV, 73% <5%; 27% >=5%

write.csv(summary_HcVv, file=paste("Summary_HCV_AuckTland_2010_2020",.version,
.date,".csv", sep="_"))

# Test for levels identified through BE measures --------—-——-—-——-———————————

# Import key values for the different critrical features
Crossings_overview_parameters_v0_draft_15.8.2020_ <- read.csv("C:/Users/user/OneDrive
- AUT University/a2-
STUDY_2_qual/4_BE_survey/3_analysis/1_csv_result/Crossings_overview_parameters_v0O_draf
t_15.8.2020_.csv")

Xings <- Crossings_overview_parameters_v0_draft_15.8.2020_

Traffic_overview_parameters_v0_draft_15.8.2020_ <- read.csv("C:/Users/user/OneDrive -
AUT University/a2-
STUDY_2_qual/4_BE_survey/3_analysis/l_csv_result/Traffic_overview_parameters_vO_draft_
15.8.2020_.csv")

traffic <- Traffic_overview_parameters_v0_draft_15.8.2020_

Holistic_overview_parameters_vO_draft_15.8.2020_ <- read.csv("C:/Users/user/OneDrive -
AUT University/a2-
STUDY_2_qual/4_BE_survey/3_analysis/l1_csv_result/Holistic_overview_parameters_vO_draft
_15.8.2020_.csv'")

holistic <- Holistic_overview_parameters_vO_draft_15.8.2020_

# Measures having ADT Tower than the min identified

ref <- "Auckland urban area, all measures between 1.1.2010 and 20.8.2020"

### function

p_Tower_adt <- function(x) {
n <- a_city %% filter (adt< x) %% count() %>% as.numeric()
round( n / nrow(a_city[!is.na(a_city$adt),])*100, digits=0)}

p_lower_peak <- function(x) {
n <- a_city %% filter (peaktraffic< x) %% count() %>% as.numeric()
round( n / nrow(a_city[!is.na(a_city$peaktraffic),])*100, digits=0)}

### thresholds

thresholds_names <- c("non-signalised crossings", "high traffic volumes"”, "holistic
environments")

thresholds_adt <- c(xings$ADT_min, traffic$ADT_min, holistic$ADT_min)
thresholds_peak <- c(xings$peak_min, traffic$peak_min, holistic$peak_min)

p_Ak1_below_adt <- c(seq(0,0,0)) # variable for storing the proportion of measures
below the threshold, regarding ADT

p_Ak1_below_peak <- c(seq(0,0,0)) # variable for storing the proportion of measures
below the threshold, regarding peak traffic

df_thresholds <- data.frame(variable= thresholds_names,
ADT_min= thresholds_adt, p_Akl_below_adt,
peak_min = thresholds_peak, p_Akl_beTlow_peak)
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# Fill the dataframes with the results

for (i in (1:1ength(thresholds_adt))) {
X <- thresholds_adt[i]
df_thresholds$p_Akl_below_adt[i] <- p_Tower_adt(x)
df_thresholds$p_Akl_below_peak[i] <- p_lower_peak(x)
}

write.csv(df_thresholds,
file="Traffic_thresholds_and_corresponding_proportions_of_Akl_network.csv")

# Print the results

for (i in (1:1ength(thresholds_adt))) {
X <- thresholds_adt[i]
print(paste(p_lower_adt(x),"% measures with ADT below", x, "vehicles/d", ref))

for (i in (1:1ength(thresholds_peak))) {
x <- thresholds_peak[i]
print(paste(p_lower_peak(x),"% measures with peak traffic below", x, "vehicles/h",

ref))}
# Association ADT-peak --=---—————— -

n <- a_city %% filter (lis.na(peaktraffic)) %% filter (!is.na(pcheavy)) %>% filter
(pcheavy<25) %>% nrow()

peak_1Tm <- Tm(a_city$peaktraffic ~ a_city$adt)
summary (peak_1m)
# R2:0.951, intercept approx 0, slope: 0.085

confint(peak_1m, level=.99)
# slope, 95% confidence interval: 0.0840 - 0.0858

R2 <- round(summary(peak_1m)$r.squared, digits=2)

a_city %% filter (!is.na(peaktraffic)) %>% filter (!is.na(pcheavy)) %% filter
(pcheavy<25) %>%

ggplot(aes(x=peaktraffic, y=adt, colour=pcheavy))+geom_point(alpha=.3)+

scale_color_viridis(option = "inferno", begin = 0, end = .8, direction = 1)+

Tabs(title = "Auckland City traffic: daily, peak, heavy vehicles (peak h
definition varies)",

subtitle = paste("Al1l counts from 2010 and Tater, between Massey (NW 1limit) and

Papakura (SE Timit); % heavy vehicles limited to 25% (25 cases eliminated);
n=",n, " "RA2=",R2),

X = "peak traffic, average of typically 7 days of count [vehicles/h]",
y = "Average daily traffic (ADT), [vehicles/day]",
colour = "Al1l heavy vehicles as percentage of ADT",

caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-
daily-traffic-counts")+
geom_smooth(method="Tm")

# HCV distribution on different types of streets (by peak) ----------------

a_city %% filter (!is.na(peaktraffic)) %>% filter (!is.na(pcheavy)) %>% filter
(pcheavy<25) %>%
ggplot(aes(x = pcheavy, y = peaktraffic_category, fill = stat(x))) +
geom_density_ridges_gradient(scale=1.3, bandwidth = 0.5) +
scale_y_discrete(expand = expand_scale(mult = c(0.01, 0.25))) +
scale_x_continuous(breaks = seq(0, 20, 5))+
scale_fill_viridis_c(option = "inferno", direction = -1) +
Tabs(
title = "Auckland City traffic: heavy vehicle traffic and peak traffic",
subtitle = paste("All counts from 2010 and Tater, between Massey (Nw Tlimit) and
Papakura (SE Timit); % heavy vehicles Timited to 25% (25 cases eliminated); n=", n),
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X = "Heavy vehicles as percentage of average daily traffic (ADT), [%]",
y = "peak hour traffic [vehicles/h]",
fill = "Heavy vehicles as % of ADT",

caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-daily-
traffic-counts"
) + theme_ridges(font_size = 13, grid = TRUE)

# Visualise results —-—---—---— -

col_cat_traf <- inferno(length(levels(a_city$peaktraffic_category)), alpha = 1,
begin = 0, end = .8, direction = -1)

theme_white <- theme(
panel.background element_blank(),
panel.grid.major element_blank(),
axis.ticks element_blank(),
axis.title element_bTlank(),
axis.text element_blank())

a_city_mw %% filter(!is.na(peaktraffic_category))%>%
ggplot(aes(x=NZTMX, y=NZTMY))+geom_point(size=1l, aes(colour =
peaktraffic_category))+
scale_colour_manual (values=col_cat_traf)+
Tabs(
title = "Auckland City traffic: peak traffic",
subtitle = paste("All counts from 2010 and Tater, between Massey (NW 1limit) and
Papakura (SE Timit); % heavy vehicles Timited to 25% (25 cases eliminated); n=", n),
colour = "Peak h traffic [vhc/h]",
caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-daily-
traffic-counts") theme_white +
theme(legend.position = c(0.2, 0.2)) # legend in the lower Teft

n_t <- a_city %% filter(!is.na(adt))%>% filter(adt<50000)%>%nrow()

# Map with continuous colour range for ADT
a_city %% filter(!is.naCadt))%>% filter(adt<50000)%>%
ggplot(aes (x=NZTMX, y=NZTMY))+geom_point(size=1, aes(colour = adt))+
scale_color_viridis(option = "inferno", begin = 0, end = 1, direction = -1)+
Tabs(
title = "Auckland City traffic: average daily traffic",
subtitle = paste("All counts, 1.1.2010-20.8.2020; 1imits set to Massey (Nw) and
Papakura (SE), motorways/highways excluded; n=", n_t),
colour = "ADT [vhc/d]",
caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-daily-
traffic-counts") theme_white +
theme(legend.position = c(0.2, 0.2)) # Tegend in the lower left

# Map by ADT categories

col_cat_adt <- inferno(length(levels(a_city$adt_category)), alpha = 1, begin = 0,
end = .8, direction = -1)

a_city %% filter(!is.naCadt))%>% filter(adt<50000)%>%
ggplot(aes (x=NZTMX, y=NZTMY))+geom_point(size=1, aes(colour = adt_category))+
scale_color_manual(values=col_cat_adt)+
Tabs(
title = "Auckland City traffic: average daily traffic",
subtitle = paste("All counts, 1.1.2010-20.8.2020; Timits set to Massey (Nw) and

Papakura (SE), motorways/highways excluded; n=", n_t),
colour = "ADT [vhc/d]",
caption = "Source: https://data-atgis.opendata.arcgis.com/datasets/average-daily-

traffic-counts") + theme_white +
theme(legend.position = c(0.2, 0.2)) # legend in the lower left
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6F: Findings, footpaths design

Selected Best practice Local guidelines - Findings for each individual metric Findings compared to
. ?,
measures recommendation — Pedestrian Design Guideline Auckland Transport Design Manual [57] and Auckland’s context
Healthy Streets [55] Engineering Design Code [58, 59]
1. Footpath Metric #13, width of Identify the zone likely to be used Through route: Ten instances were reported as being narrow. The footpaths widths are not
width continuous, clear walking by pedestrians (through route), e 1.8m on local residential roads, up to 50p/min The narrowest section was wider than 2m in available within Auckland
space; width of the excluding areas with street e 1.8m on neighbourhood collector roads and around two cases, 1.5 to 2m wide in five cases and up ~ Transport’s open GIS data [62].
narrowest section furniture and a 15cm buffer around public transport hubs, up to 60 p/min to 1.5m in three cases. Even if this dataset was
Ideal (score 3): >2m if any object next to the through e 2.4m minimum on main streets, centres, and alongside The narrowest section was 1.3m and above in available, the measures on the
quiet, <600p/h; >2.5m if route. pedestrian generators (e.g. schools), up to 80p/min [58]. all cases except one (0.85m, due to overgrown  ground show that the
600-1200p/h; >3m if busy, Width of the through route (p. 14- The dimensions or other footpath zones are also planting). All measures relate to the total theoretical footpath width can
>1200p/h 3): 1.5 m: absolute minimum, up to prescribed for the same categories. footpath area, from which the immediate be significantly reduced by
Score 2: 2-2.5m (moderate 50 p./min; 1.8 m on collector roads  The manual notes that “Footpaths should include a buffer proximity to kerbs, walls and obstacles should built in or temporary obstacles,
pedestrian traffic); 2.5-3m and commercial/industrial, outside between the clear path and traffic; presenting a good place be discounted, as not necessarily usable. or vegetation.
(busy) of CBD, up to 60 p/min; for street furniture, utilities and service covers and tree However, the footpaths
Score 1: 1.5-2m (quiet to >2.4 m on arterial roads in pits.” (p. 74) and “ample width to cater for peak hour Two of the instances were noted as being examined don’t seem
moderate); 2-2.5 m (busy) pedestrian districts / CBD / volumes of pedestrians to pass each other comfortably, narrow and close to the traffic, while the exceptional for Auckland’s
Score 0: <1.5m alongside schools and other major including in groups.”, “on main streets and near major other eight were too narrow for the streets, typically equipped with
generators, up to 80 p/min destinations and interchanges” (p. 69). The Engineering pedestrian flows present (crowding). concrete 1.3-1-5m footpaths
Design Code specifies: “Width should be increased when between property edges and a
flow exceeds values shown in the table.” or in other grassy berm. This typical
situations of higher demand [58] but it is not clear how the scenario reflects infrastructure
widening is calculated. as inherited from the second
half of the 20t century.
2. Length of No specific No specific recommendation There should not be segments below 1.5m except for Proportion of street lengths with at least one See above.
the segment recommendation localised areas where major constraints cannot be solved footpath narrower than 2m: median 27%, IQR
<2m and otherwise [58]. 79%, min 4%, max 100%.
<1.5m No specific recommendation regarding length under 2m Proportion of street lengths with at least one

(see through route width prescriptions above).

footpath narrower than 1.5m: median 6%, IQR
34%, min 0%, max 1005.

4. Pedestrian
traffic
through the
narrowest
section, peak
h

See point 1 above

Minimum widths: see point 1
above. Higher widths are
recommended for areas with “high
pedestrian volumes and/or high
numbers of pedestrians stopping
on the path” (p. 14-3).

Minimum footpaths widths are prescribed against
maximum peak hour pedestrian volumes — see point 1
above.

On the “crowded” footpaths, the pedestrian
flows observed were varied, from 20 to 1,020
people per hour (median 340 p/h, IQR 635
p/h) through the narrowest section.

The flow divided by the footpath width
(narrowest) was also dispersed (median 262
p/h/m, IQR 413 p/h/m).

Pedestrian flows are not
available for Auckland’s
streets, except for a series of
locations in the hyper centre. A
formal comparison is therefore
not possible.

5. Causes of
obstructions

n/a

n/a

The through route should not be obstructed [58]

The participants mostly noted temporary
obstructions (e.g. scooters on the footpaths or
illegally parked cars) but built in obstructions
such as electrical boxes or signs were also
mentioned. Visits in situ did not suggest that
the remaining space for walking was
extremely narrow (the narrowest measured
was 1.20 m).
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6G: Findings, car-oriented street design

Selected
measures

Best practice recommendation

— Healthy Streets [55]

Local guidelines -

Pedestrian Design Guideline

Auckland Transport Design Manual [57]
and Engineering Design Code [58, 59]

Findings for each individual metric

Findings compared to Auckland’s
context

1. Traffic
volume, along

Metric #1 total two-way traffic,
peak hour

Ideal (score 3): <500 vehicles/h
(v/h)

Score 2: 500-1,000 v/h

Score 1: > 1,000 v/h, bike lane
Score 0: > 1,000 v/h, no bike lane

Metric #4 Traffic noise based on
peak hour motorised traffic
volumes (for London!)

Ideal (score 3): <55 v/h

Score 2: 55-450 v/h

Score 1: > 450 v/h

No metrics for assessing quality.
Asks to question traffic noise and
fumes (p. 4-1) and consider
reducing traffic volumes along
walking routes as the first priority
(p. 5-2); considers the need for
wider footpaths “in areas with
[...] high adjacent vehicle
volumes" (p. 14-3) but without
providing metrics for traffic
volumes.

No metrics for assessing quality.

The manual notes that “Streets should be
designed to create an attractive, comfortable,
pedestrian-scale environment with a range of
amenities, including street trees and other
vegetation.” p. 33 but without providing
assessment thresholds regarding traffic
volume.

For the examined roads and streets, median
daily traffic was 16,700 vehicles/day (IQR
8,800, minimum 8,900 — Hobson Street, in the
city centre, maximum 32,700, St Luke’s road,
by the mall).

Peak hour traffic volumes were between 700
and 950 v/h in four cases, and above 1,100 v/h
in the remaining six cases, with a maximum at
2,100 v/h (Balmoral road).

The minimum identified value (8,900
v/d) is not exceptional: 61% of the
recent measures taken in the urban
area correspond to this case (see
supplementary file B).

2. Traffic
speeds

Metric #3, speed of motorised
traffic

Ideal (score 3): v85 <32 km/h
Score 2:v85 32-40 km/h

Score 1: v85 40-48 km/h

Score 0: v85 >48 km/h

No metrics for assessing quality.
Asks to question traffic noise and
fumes (p. 4-1) and consider
reducing traffic speeds along
walking routes as the first priority
(p. 5-2); considers the need for
wider footpaths “in areas with
[...] high adjacent traffic speeds"
(p. 14-3) but without thresholds.

The buffer between the through route and
traffic can be increased in areas where the
speed exceeds 50 km/h [58] but it is not
specified how the increase varies with traffic
speed.

All the indicated locations except one are in
areas where speed is limited to 50 km/h. One
location (lan McInnon Drive) is limited to 70
km/h. V85 speed measures were not available
from Auckland Transport. A series of test
measures were taken on a section of road
limited to 50 km/h and having a similar width
and layout to those indicated by the
participants. With 90 free vehicles examined
V85 was estimated to 47 km/h (median: 42,
minimum: 31; maximum: 54; IQR 6 km/h).

The speed limit of 50 km/h is typical of
Auckland’s urban streets and roads and
systematic with the exception of the
core city centre (30 km/h), localised
village centres (30 or 40 km/h) and
school areas, during school hours [50].

3. Proportion

No metric regarding interaction of

No metrics for assessing quality.

No metrics for assessing quality.

The values ranged between 3% and 6% of the

The values found are not exceptional

of heavy HCV with pedestrians (metric #2 Asks to question traffic noise and ~ The manual notes that “Streets should be daily traffic. Peak hour proportions were not for Auckland: 74% of the recent
vehicles addresses interaction with bike fumes (p. 4-1) but without designed to create an attractive, comfortable, available. measures of traffic have 3% and more
riders; ideal: <2% HCV) specifying thresholds for heavy pedestrian-scale environment with a range of heavy vehicles in the mix, and 42% have
Metric #5, noise from large traffic. amenities, including street trees and other 3 to 6%.
vehicles vegetation.” p. 33 and that impacts of freight
Ideal (score 3): <5% HV, peak traffic should be minimised (p. 107) but
Score 2: 5-10 % HV, peak without providing assessment thresholds
Score 1: >10 % HV, peak regarding heavy traffic.
4. Street No specific recommendation; No specific recommendation; Street width enters the calculation of street Street widths between property limits ranged No data were available, however the
width indirectly considered within indirectly considered when proportions, for which values are from 20m (four cases) to almost 50m (St 20m width corresponds to the post-war
natural surveillance (metric #20) recommending environments recommended (see point 9 below). Street Luke’s road, by the mall). The visual widths, suburban street design, and arterials
but without specifics. with natural surveillance from width also contributes positively or negatively between fences or buildings, were typically are typically wider.
buildings and other people (p. 4- to natural surveillance — the manual higher, between approximately 27m (three
6), without specifics. recommends that streets offer enough cases) and 70m (St Luke’s road and May road,
oversight both from nearby buildings and highway overbridge)
footpaths (p. 53)
5. Not directly assessed (indirectly No strict rules. Widths enter the No specific recommendation but general Variable, ranging from 11m (May Road The carriageway widths are not

Carriageway
width

through assessment of crossing
facilities)

calculation of levels of service for
crossing (i.e. delay) and are

principle of re-considering the allocation of
space to prioritise pedestrians, public

highway overbridge) to 24m (St Luke’s by the
mall). The median width was 16m (IQR 4m).

exceptional for Auckland, where even
residential streets tend to have two

93



Selected Best practice recommendation Local guidelines - Findings for each individual metric Findings compared to Auckland’s
measures — Healthy Streets [55] Pedestrian Design Guideline  Auckland Transport Design Manual [57] context
and Engineering Design Code [58, 59]
indirectly considered when transport and bicycle users (p. 33). It is for lanes of 3m and above, and roadside
recommending environments instance recommended to narrow down lanes parking.
with natural surveillance from that are unnecessarily wide, remove flush
buildings and other people (p. 4- medians and re-arrange parking, so to unlock
6), without specifics. space for walking or sojourning (p. 154).
6. Number of Not assessed (indirectly through Not assessed (indirectly through No specific recommendation but general Variable: two (two cases) to six (two cases), Data are not available across Auckland
lanes assessment of traffic, speeds, and assessment of traffic, speeds, principle of re-considering the allocation of most often four (five cases). Individual however it is observed that arterials are
crossing distances) and crossing distances) space to prioritise pedestrians, public segments can have varying numbers of lanes, typically two to three lanes wide when
transport and bicycle users (p. 33). for instance a median transforming into a turn  traversing local activity centres (two
lane. lanes + occasional turning lanes, e.g.
Dominion Road) and four to six lanes
wide across single use areas (e.g.
Balmoral or St Luke’s roads). Observed
widths are therefore not exceptional.
7. Facades Indirectly: No specific recommendation; Frontages should be as continuous as possible,  The percentage of transparent facades ranged  No values were available for
transparency -  Metric #20, surveillance, from indirectly considered when with buildings overlooking the street from 0 to 21% (New North road, by Kingsland).  comparison. However, as land uses
Percentage of  nearby buildings and footpaths recommending environments (entrances and glazing at ground floor) —p. 53  The median value was 2% (IQR 12%). tends to be segregated in most of
transparent Ideal (score 3): constant with natural surveillance from Auckland’s suburban area (e.g.

facades along
the indicated

Score 2: intermittent
Score 1: poor

buildings and other people (p. 4-
6),

residential or industrial/light industrial),
except a few “village centres”, it is

segment assumed that this situation is not
exceptional.
8. Street No specific recommendation No specific recommendation Enclosure contributes to spaces that are Except for two streets in the city centre No data were available. However, the

proportions

comfortable to pedestrians.
The ratio height/width should be > 1:2,
possibly 1:3 if large trees are present. p. 52

(Hobson St, 1:1; and Nelson St, 1:1.5), all
street proportions are lower than 1:3. The
minimal values are lower than 1:10 (Balmoral
road and May Rd overbridge)

typical suburban street, (20m between
property limits and single houses built
with a set-back), presents a low height
to width ratio and limited enclosure.

9. Tree Metric #23, street trees No specific recommendation Trees should be placed at regular intervals, The average canopy gaps ranged from 36-40m  No data were available for comparison.
canopies — Ideal (score 3): trees with except that trees shouldn’t ideally not more than 15-20m (p. 54) —itis not  for the two central streets (Nelson and
distances canopies spaced <15m on average interfere with lighting (p. 14-9) clear how the distance is measured, a priori Hobson) up to almost 1km (New North Road,
between Score 2: trees with canopies and should be “collapsible and between trunks and not canopies. Kingsland to Morningside drive). The median
canopies spaced >15m on average frangible” if within 4m of a road value was 120m (IQR 290m).
Score 1: no trees or only one >40km/h (p. 14-10). Lack of

shade is however noted in

reasons why people don’t walk

(p. 3-9).
10. Availability ~ Metric #9, availability of midblock  No metrics for assessing quality. No metrics for assessing quality. The availability of safe crossings was very low,
of safe crossings Speaks of providing direct access Makes the case for the importance of ranging from 200m (two cases) to above 1km
crossings: Ideal (score 3): yes, for all desire to desired destinations and pedestrian connectivity, routes options and (Mt Eden Road, no crossing between the lights
average lines public transport (p. 4-1) but smaller block sizes (p. 46) but without at Stokes Rd and a zebra crossing at Esplanade
distance Score 2: yes for some without providing specific providing metrics for the size of the blocks. Rd, 1230m further north). The median
between Score 1: none guidance regarding density of distance to a safe crossing was 427m (IQR
signalised crossings or percentage of desire 600m).
crossings lines that are catered for.
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6H: Findings, traffic along the path

Selected Best practice Local guidelines - Findings for each individual Findings compared to
i — . . . i ?
measures recommendation — Healthy Pedestrian Design Auckland Transport Design metric Auckland’s context
Streets [55] Guideline Manual [57] and Engineering
Design Code [58, 59]
1. Traffic Metric #1 total two-way traffic, No metrics for assessing No metrics for assessing quality. All indicated sections have peak The identified traffic volumes are on
volume peak hour quality. The manual notes that “Streets should be hour traffic volumes above 1,400 the higher end, for Auckland:
(number of Ideal (score 3): <500 vehicles/h Asks to question traffic noise designed to create an attractive, v/h and 14,300 v/d. Considering the 3,860 traffic counts of
vehicles (v/h) and fumes (p. 4-1) and consider comfortable, pedestrian-scale environment  The median traffic volume across the last 10 years, in the city, excluding

passing along
the indicated

Score 2: 500-1,000 v/h
Score 1: > 1,000 v/h, bike lane

reducing traffic volumes along
walking routes as the first

with a range of amenities, including street
trees and other vegetation.” p. 33 but

the location was 1,700 v/h (IQR
600) and 19,700 v/d (IQR 8,700).

the highways, 25% have a daily traffic
above 14,300 v/d (smallest of the

footpath) Score 0: > 1,000 v/h, no bike lane priority (p. 5-2); considers the without providing assessment thresholds traffic volumes identified by the
need for wider footpaths “in regarding traffic volume. participants as a barrier), and 14%
Metric #4 Traffic noise based on peak  areas with [...] high adjacent above the median volume (19,700
hour motorised traffic volumes (for vehicle volumes" (p. 14-3) but v/d). The values were extracted from
London!) without providing metrics for Auckland Transport’s open traffic data
Ideal (score 3): <55 vehicles/h (v/h) traffic volumes. — see supplementary file B.
Score 2: 55-450 v/h
Score 1: > 450 v/h
2. Traffic Metric #3, speed of motorised traffic No metrics for assessing The buffer between the through route and All the indicated locations except The speed limit of 50 km/h is typical of
speeds Ideal (score 3): v85 <32 km/h quality. traffic can be increased in areas where the one are in areas where speed is Auckland’s urban streets and roads

Score 2:v85 32-40 km/h
Score 1: v85 40-48 km/h
Score 0: v85 >48 km/h

Asks to question traffic noise
and fumes (p. 4-1) and consider
reducing traffic speeds along
walking routes as the first
priority (p. 5-2); considers the
need for wider footpaths “in
areas with [...] high adjacent
traffic speeds" (p. 14-3) but
without thresholds.

speed exceeds 50 km/h [58] but it is not
specified how the increase varies with
traffic speed.

limited to 50 km/h. One location
(lan McInnon Drive) is limited to 70
km/h.

V85 speed measures are not
available from Auckland Transport
and were estimated to 47 km/h
(N=90 free vehicles, median:
42km/h, minimum: 31 km/h;
maximum: 54km/h; IQR 6 km/h)).

and systematic with the exception of
the core city centre (30 km/h),
localised village centres (30 or 40
km/h) and school areas, during school
hours [50].

3. Proportion
of heavy
vehicles

No metric regarding interaction of
HCV with pedestrians (metric #2
addresses interaction with bike
riders; ideal: <2% HCV)

Metric #5, noise from large vehicles
Ideal (score 3): <5% HV, peak
Score 2: 5-10 % HV, peak
Score 1: >10 % HV, peak

No metrics for assessing
quality.

Asks to question traffic noise
and fumes (p. 4-1) but without
specifying thresholds for heavy
traffic.

No metrics for assessing quality.

The manual notes that “Streets should be
designed to create an attractive,
comfortable, pedestrian-scale environment
with a range of amenities, including street
trees and other vegetation.” p. 33 and that
impacts of freight traffic should be
minimised (p. 107) but without providing
assessment thresholds regarding heavy
traffic.

Seven of the eight measures had a
proportion of heavy vehicles in the
daily traffic mix between 2% and
6%. One location (Mt Eden Road by
Mt Albert Road) had 20% of heavy
vehicles in the daily mix. Peak hour
levels were not available.

The proportion of heavy vehicles were
generally low and not exceptional for
Auckland. 78% of measures taken on
Auckland’s network have proportions
of heavy vehicles in the daily mix up to
6%.
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61: Findings, absence of other people

Selected
measures

Best practice
recommendation —
Healthy Streets [55]

Local guidelines -

Pedestrian Design
Guideline

Auckland Transport Design
Manual [57] and Engineering
Design Code [58, 59]

Findings for each individual
metric

Findings compared
to Auckland’s
context

1. Pedestrian
activity

The methodology relates to
the measures of pedestrian
traffic in two instances: it
examines high pedestrian
volumes, regarding
footpaths dimensioning
(metric #13), and relevantly
here: considering
surveillance from nearby
buildings and footpaths
(metric #20). It does not
provide figures regarding
pedestrians presence but
assesses the surveillance
altogether qualitatively.

The guideline mentions the
need of assessing (1) the current
usage (as a question to consider
regarding design of footpaths p.
6-8 or crossings 6-24), (2) the
possible suppressed demand (p.
6-8); or (3) the likelihood of
pedestrians congregating at
night (re providing adequate
lighting, p. 17-1). There are
however no thresholds provided
and no indications of “how
lonely is too lonely”.

The Manual notes that “Footpaths are safe
especially where there are sufficient ‘eyes
on the street’ to provide passive
surveillance, including having active
building frontages facing the street, and
having a sufficiently lively street
atmosphere.” [57]. No metrics are
provided, regarding pedestrian activity and
other human presence that could
contribute to the lively atmosphere.

Twenty-minutes counts were
realised (at sunset/dark, for the
locations where the absence of
people was noted in the evening,
and in the afternoon for the one
location presented as always
empty).

The four locations had results
ranging between two and thirteen
people in 20 minutes.

Pedestrian flows are not
available for Auckland’s
streets, except for a series
of locations in the hyper
centre. A formal
comparison is therefore
not possible.

2. Facades
transparency -
Percentage of
transparent
facades along
the indicated
segment

Indirectly:

Metric #20, surveillance,
from nearby buildings and
footpaths

Ideal (score 3): constant
Score 2: intermittent
Score 1: poor

No specific recommendation;
indirectly considered when
recommending environments
with natural surveillance from
buildings and other people (p. 4-
6),

Frontages should be as continuous as
possible, with buildings overlooking the
street (entrances and glazing at ground
floor) — p. 53

There was no transparent facades
in three of the cases, and 13% of
the length was transparent on one
side only at maximum (Mt Eden
road)

No values were available
for comparison. However,
as land uses tends to be
segregated in most of
Auckland’s suburban area
(e.g. residential or
industrial/light industrial),
except a few “village
centres”, it is assumed
that this situation is not
exceptional.
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6J: Findings, lack of light

Selected
measures

Best practice
recommendation —
Healthy Streets [55]

Local guidelines -

Pedestrian Design
Guideline

Findings for each individual

Auckland Transport Design metric

Manual [57] and Engineering
Design Code [58, 59]

Findings compared
to Auckland’s
context

1. Intensity of

Metric #21 Lighting

The guideline makes the case

Street lighting is described as important The four locations had average

No data are available. An

lighting (lux) Ideal (score 3): footpath for an adequate lighting, and the coverage of lighting is part of the horizontal illuminance of 0.2, 1.1, email conversation with
and carriageway meet or regarding safety and sense of metrics suggested for measuring the 1.6 and 8.1 Ix. The three low values  employees from Auckland
exceed the standards (BS place, namely. It refers to quality of the street (p. 123). The manual include vast lengths without any Transport suggests
5489) standard AS/NZS 1158.3.1 provides general principles and further light at all except for occasional however the awareness of
Score 2: carriageway meets  [pedestrian areas]. The standard  refers to the Engineering Design Code. spillages from nearby houses. an inherited infrastructure
standard, footpaths not provides categories, based on that had not been
Score 1: standards not met pedestrian activity and fear of The Engineering Design Code relative to designed primarily with
crime, and associated lighting lighting [59] refers to standard AS/NZS pedestrians in mind.
Standard for footpaths: levels. The prescribed average 1158.3.1 (see left) for the levels of lighting Retrofit is being done but
- 20 Ix: primary urban horizontal illuminance for for each category of footpath. The code faces the challenge of the
walking routes footpaths is highly variable (p. indicates that categories are to be agreed large extent of the road
- 7.5 Ix: medium usage 22): between the developer and Auckland network that needs to be
routes and links - 7 Ix, high pedestrian activity Transport, for a given scheme (p. 5). improved regarding
- 5 Ix: local, residential (PP2) Categories for existing streets have not lighting.
streets - 0.85 Ix, low pedestrian activity been identified. It is understood that the
The standards also include (PP5) update of the Roads and Streets framework
minima and maxima, to - 10 Ix, high fear of crime (PP1 - [63] could inform this point.
control for uniformity of regardless the pedestrian
lighting activity)
Local authorities are to define
the category for each street.
2. Type of No metrics for assessing No specific recommendations No precise metrics for assessing quality. It wasn’t possible to measure the See above.
lighting quality but suggests human-scale The manual indicates that lighting should colour of the light; however the
(functional, lighting when indicating that be at human scale and contribute to type of lamps was in all four cases
atmosphere? lighting should contribute to inviting spaces (p. 75). a simple luminaire placed high (4m
Blue or reassurance and allow people to or higher). The recommendation of
warm?) clearly see potential hazards providing a human-scale lighting is

and other walkers (p. 17-1).

hard to follow in the absence of
specific metrics, however the
height of the luminaires and their
spacing, including typically vast
areas of darkness, don’t seem
appropriate for a human scale and
pace.

97



6K: Recommendations, Healthy Streets approach

Healthy Streets helps assess environments in a straightforward way, through clear indicators and scoring
rules. Recent publications recognise that Healthy Streets provides pragmatic decision support for
delivering complex policy goals such as health and sustainability [64, 65]. The findings from this study
suggest two directions for future developments. Firstly, as noted above, thresholds should be identified
regarding natural surveillance (pedestrian traffic and facade transparency), distances between safe
crossings, and cornering radii (as a proxy for cornering speeds). Second, the measures for footpath
widths should be further developed. And third, guidance should be provided regarding pedestrian
counts. Brief recommendations regarding the last two points are presented below.

Footpath widths can be inconsistent, built with varying standards along a same street and narrowed by
built-in or temporary obstacles, or even by people standing. Healthy Streets considers the unobstructed,
direct walking space, and provides thresholds regarding its narrowest section (metric #13). However,
this measure can be misleading as it could relate to very diverse situations. The participants’ inputs and
measures suggest that a width “x” can be associated to different experiences if (1) it is a localised
narrowing on an otherwise wide footpath; (2) it is the constant width of a straight through route; or (3)
it is the width of a route slaloming between obstacles on the left and the right side. In this study, a trial
was made using percentage of the section length narrower than 1.5 and 2 m but did not yield any
pattern. Further, perceptions of narrowness seemed to be influenced by the presence of heavy traffic
adjacent to the footpath. It is therefore recommended to develop the measures in two ways. Firstly,
amend the thresholds regarding the footpath width, including the widths of buffer areas that should be
discounted in presence of walls, bus stops, shop windows or street edges. The buffers relative to street
edges should be associated to traffic speeds (e.g. <30 km/h, 30-50 km/h, >50 km/h). Second, the
footpath assessment should capture (in)directness of the walking route. A possible way forward would
be to calculate route directness [66] applied to the micro-level of a test walk along the given footpath
(e.g. straight line with a 30cm buffer on each side and making right angle turns every time it encounters
an obstacle).

Pedestrian flows can present a high variability (see supplementary file A) but can also have different
peak hours (e.g. school time, in presence of schools, late night in a street with restaurants and bars, or
afternoon peak, if the street serves as a main access to bus stops). In the case of this study, the absence
of automatic pedestrian counts across the city, except for a few hyper-central locations, meant that the
peak hour measured was a best guess and that the manual count, done on one given day, accounts
poorly for the expected variability. An additional difficulty regarding the pedestrian flow is that the
measure of number of people per hour does not provide any information regarding the potential
“clogging” of a footpath. For instance, near schools, the pedestrian flow can be high in the 10-20
minutes before the school start, at what time children might also arrive in groups and take over the
footpath. A measure of number of people per hour levels up the peaks that could be the issues (for
instance, blind participant reporting that she and her dog find themselves blocked). The guideline should
help identify the peak hours (providing for instance a quick guide for running and analysing automatic
counts) and specify how to account for peaks such as school start for instance.
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6L: Recommendations, local guidelines

The guidelines often speak of a direct and unobstructed pedestrian through route, wide enough for the
pedestrian flows and offering buffers to walls and kerbs, or the “furniture areas” (see Figure 6 below).
The findings conceptually align with this vision, outlining cases where the through route is not direct,
not wide enough, and/or not buffered enough from the traffic circulating along it. It is however noted
that the design manual and the accompanying engineering standard do not provide specific widths that
are to be provided for the pedestrian traffic (through route) and the adjacent areas, in different
circumstances (namely in present of strong traffic).

- Cow =
(

Figure 6: Example of pedestrian through route (number 3) as presented in Auckland Transport's Design
manual [57]. The illustration also identifies frontage zones (buffer for the adjacent walls, number 2) and
the furniture areas (number 4)
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Figure 7: Footpaths through route as observed on the ground, exaAmpIes
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7A: Characterisation of complex socio-technical systems and application to

the walking environment

Table 4: Characterisation of complex socio-technical systems and application to the walking

environment

Categories of
characteristics

Key aspects [67]

Application to the walking realm

A large number
of dynamically
interacting
elements

The system isn’t static but
subject to non-linear
interactions between
components. A “failure” can
propagate quickly.

e  Everyday variations in traffic and people walking (shops
opening hours, schools, buses, events, etc.) impacting on
attractiveness

e  Private interventions (new cafe, shops, etc) impacting on
walking levels

®  Alterations to land use or transport systems - new roads,
facilities for walking, etc., changing the accessibility /
attractiveness, possibly creating barriers and impacting on
use

®  Possible virtuous or vicious circles leading to different
levels of walking (perception of unsafety leading to less
people on the street resulting in even lesser perceived
safety...)

Wide diversity of
elements

The elements belong to
diverse categories or types,
have different inputs and
outputs, and the interactions
between them can also have
different natures.

e Diversity of users and usages of the public realm
Diversity of actors, public and private, playing a role in the
use
o  Local trip generators - schools, shops...
o  Public sector - transport, planning, building and
maintaining infrastructure
o Public sector - health and economic development,
sharing objectives
O  Public sector - environment and conservation,
sharing objectives
o  PT operation
o  Developers
e Diversity of professions involved in the inputs or
interested in the outcomes (land use, transport, health,
etc)
e Diversity of data sources and analysis
Possible lack of coordination - transport land use,
maintenance-building, or across sectors
e  Global social, economic and technological evolutions,
impacting on travel patterns, affordability, or alternatives

Unanticipated

The system interacts with its

e  Walking as a series of single decisions, based on unique

be changed through a series
of past events, in a form of
“self-organisation” and
without a top-down
command. Systems can thus
adapt to their environment in
an organic way.

variability environment, providing parameters, that can’t be captured in a deterministic way
changing inputs, and these based on inputs
inputs coupled with the e  Social and technological trends (mobile phone
variety of internal interactions developments, apps such as Pokémon Go, a pop-up
can result in variability that market, a special event...)
couldn’t be predicted.
Resilience The system’s functioning can e Alterations of the built environment (e.g. enhanced

safety) - Low cost low risk interventions, capital transport
improvements

e Adjustment of the signalised crossings phasing, sometimes
dynamic

® Police enforcement, school patrols
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7B1: Email invitation to survey participants

Email sent by the researcher

Kia ora [Name],

Within my PhD research at Auckland University of Technology, | am investigating walking/wheelchair
use for transport and examining specifically the role of the qualities of street environments. My
overarching aim is to provide leverageable insights to practitioners regarding how to improve the
walking environments, by identifying most salient features that can deter from walking trips that are
within walkable distance.

So far, | have outlined a theoretical model through international evidence, examined Aucklanders’
walking patterns and perceptions (quantitative analysis), interviewed 56 Aucklanders for an in-depth
insight into their perceptions and choices, and collected measures of the built environment to inform
features critical to the choice of walking.

To better understand the needs of practitioners, my last study engages with professionals and
decision-makers from five disciplines (transport planning, urban design, public health, road safety,
urban strategy and development). An online survey will collect views on what they see as main
components of a place supportive of walking/wheelchair use, what they think motivates Aucklanders to
walk or deters, what challenges they perceive in delivering accessible environments and what priorities
they would set for the next 3 & 10 years.

The invite to participate to the survey is sent to a list of professionals identified by the team, and you are
one of them. The survey should take about 10 minutes and will be anonymous. You will find more
information in the information sheet attached.

Your insights would be most valuable for this research. If you agree to participate, please follow the
link to the survey (you will be asked to confirm that you agree with the terms as presented in the
information sheet).

If you have any question, you are welcome to contact the research team:
e Myself (primary researcher): [Name, email, phone number]
e Project Supervisor: [Name, email, phone number]

Thank you in advance.

Nga mihi,

[Signature]
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7B2: Survey invite and questions

The participants filled an online survey. The questions and response formats are reproduced here.

Project title: Quality of the walking environment and difficulties to access local destinations
Project Supervisor: Professor Erica Hinckson
Researcher: Tamara Bozovic

The survey you are invited to fill examines professionals’ opinions on the design and retrofit of the
walking environment. Questions cover namely what needs to be done, how it is/should be prioritised
and what decision support is available or needed.

This survey is done within a PhD thesis aiming to identify what aspects of the street environments and
transport system can deter Aucklanders from accessing local destinations on foot or by wheelchair
(further, “walking” refers to both), so to provide elements that can be a useful decision support for the
practitioners.

Consent is implied by your completion of the survey. Please read the following and click on the arrow
below if you agree t0 PartiCipate. ... aee e

| understand that the information | provide in the online survey will be safely stored and that quotes
might be extracted in a way that doesn’t identify individual participants. .......ccccccvvviieeiiiiiennn.

| understand that taking part in this study is voluntary (my choice) and that | may withdraw from the
study prior to having completed the survey, without being disadvantaged in any way. ..............

| understand the survey will not ask for my name or any contact detail. This means that all information
provided will be anonymised (never associated to a person) but also that provided inputs cannot be
withdrawn, once the survey is completed, because the researchers will not have any indication relative
to who answered the survey.

Any concerns regarding the nature of this project should be notified in the first instance to the Project
Supervisor, Erica Hinckson: Erica.hinckson@aut.ac.nz, 09 921 9999 x 7224.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUT’s
Ethics Committee (AUTEC), Dr Carina Meares[jp1] , Phone +64 9 921 9999 extn: 6038,
Email ethics@aut.ac.nz

Approved by the Auckland University of Technology Ethics Committee on 31.8.2020, AUTEC Reference
number 18/431.

If you agree to participate, please click on the arrow below to proceed to the survey.
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Q1 A city supportive of walking: what would be its three key characteristics?

Characteristic1 (1)

Characteristic 2 (2)

Characteristic 3 (3)

Q2 What would you set as the main priority of intervention regarding accessibility on foot/by
wheelchair, for Auckland?

Main priority for the next 3 years (1)

Main priority for the next 10 years (2)

Q3 How well do we understand what might cause people not to choose to walk/wheel, or to struggle by
doing so?

Extremely well (1)
Very well (2)
Somewhat (3)
Not well at all (4)

| don't know (5)

Q4 If you had to present evidence about motivations or barriers to walking, for Aucklanders, what
source(s) of data would you use?

Q5 What do you think motivates Aucklanders to choose to walk?
Please indicate up to three aspects and give them weights that add up to 100.

Item 1; weight (1)

Iltem 2; weight (2)

Item 3; weight (3)
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Q8 What do you think deters Aucklanders from walking?
Please indicate up to three aspects and give them weights that add up to 100.

Iltem 1; weight (1)

Iltem 2; weight (2)

Item 3; weight (3)

Q9 What is the single biggest challenge regarding the improvement of street environments?

Q10 Considering the planning and delivery of the walking environments, how much do you agree with
the following statements?

Q11 1. There are many dynamically interacting elements (e.g. different disciplines influence the
challenges and activities of others’, emphasis changes over time); [slider, 0: Disagree entirely; 100:
Entirely agree]

Q13 2. There is a wide diversity of elements (e.g. users with varied needs, technical requirements,
guidelines, organizations and disciplines involved, hierarchy levels); [slider, O: Disagree entirely; 100:
Entirely agree]

Q15 3. There is unexpected variability (e.g. decisions on streets environments are made within
uncertainty, as the information is not always available; activities are not always clearly linked with
purposes; there can be vicious circles where interventions amplify issues for walking/wheeling; the
causes and effects of streets design on walking/wheeling are not fully known and can generate effects
that are poorly monitored); [slider, O: Disagree entirely; 100: Entirely agree]

Q17 4. There is resilience (e.g. there are numbers of ways to achieve higher levels of walking or address
safety issues for people on foot/by wheelchair, the way we deliver the streets environments changes
and can change in the future based on experiences made); [slider, O: Disagree entirely; 100: Entirely
agree]

Q19 What discipline(s) do you relate with?

Urban design (1)

Road safety (2)

Transport planning (3)

Public health (4)

Urban development (5)
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Q21 How would you define your current role?

Technical specialist (1)

Decision-maker (2)

Researcher (3)

Other (please specify) (4)

Q23 Is there anything you would like to add?

Q1 Thank you very much for your time and insights.

A focus group will be organised to discuss the findings, and a technical report will be available at the end
of the project. Please let us know your preferences.

This form is dissociated from the survey you filled, and the research team will have no information
allowing to associated contact details provided here to survey answers.

Q2 | am interested in participating to the focus group (practitioners will be selected by order of
expression of interest, and the focus group will include one person for each area of expertise)

Yes - please indicate the email address we should use to contact you: (1)

No (2)

Q3 I would like to be sent the technical report when published (you can also receive the report by
requesting it by email, and don't need to provide information detail here if you don't wish to).

Yes - please indicate the email address we should use: (1)

No (2)

7C: Information pack for the focus group participants
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The following elements were sent to the focus group participants four days ahead of the meeting.

Context and aim

This focus group is part of a PhD research project at Auckland University of Technology. The project
investigates walking/wheelchair use for transport (further: walking) and examines specifically the role of
the qualities of street environments. The overarching aim is to provide professionals with leverageable
insights regarding how to improve the walking environments. For this, the project seeks to identify the
most salient features that can deter from walking trips that are within walkable distance.

So far, a theoretical model has been outlined through international evidence; Aucklanders’ perceptions
of their environments were quantitatively associated with walking patterns; 56 Aucklanders were
interviewed for an in-depth insight into their perceptions and choices; and measures of the built
environment were collected to inform features critical to the choice of walking. Six of the interview
participants continued being involved in the project as Citizen Scientists, collecting data and discussing
findings.

To better understand the needs of practitioners, the last study engaged with professionals and decision-
makers from five disciplines (transport planning, urban design, public health, road safety, urban strategy
and development). Through an online survey, views were collected regarding (1) main components of a
place supportive of walking/wheelchair use; (2) perceived motivators and deterrents to walking; (3)
challenges perceived in delivering accessible environments; and (4) priorities the next 3 & 10 years.

This focus group aims to discuss and better understand two topics identified from the survey. They
relate to aspects where there was no large consensus and identified systemic challenges. We would like
to better understand the reasons of a lack of consensus and ways how challenges might be overcome.

Focus group agenda

e Welcome

e Context and aim: brief reminder

¢ Round table: brief introductions

e Topics: brief intro (what was found) and discussion
e Wrapup

Topics

User experience and users’ needs

The responses to the question how well the barriers to walking in Auckland are understood were very
diverse, ranging from “not well at all” to “extremely well”. Street environments were a major topics: for
the participants, a city that supports walking has inviting environments, while “hostile” environments
are seen as a barrier to walking. Some participants specified that the environments need to be adapted
to people of all ages and abilities, and others took the users’ perspective, saying that people should feel
safe and comfortable.

The responses didn’t provide however a clear picture of the “what” should be addressed: when
participants spoke of specific features of the walking environment, they referred to diverse aspects.
Traffic and crossing facilities were the biggest cluster of responses, noted by 13 participants. Sometimes,
only perceptions were noted (e.g. “hostile” environment), raising the question what it is, that is
associated with poor safety or comfort? The challenges cited had a strong focus on transforming a car-
oriented environment, which again calls for an agreement regarding what should be done and how the
expected long “to-do list” should be prioritised.

When asked what evidence participants would use, to inform users’ needs, there was no document
widely referred to, and most participants referred to sources that don’t speak directly of users’ needs
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(e.g. census). The lack of evidence regarding users’ views didn’t come up as a major challenge to
implementation of walkable environments.

How might we explain the diversity of views regarding what users need? Why is this lack of consensus
not on the radar, when we speak about what to deliver, and challenges to implementation?

Lack of prioritisation for walking in the policy and the practice

The lack of priority given to walking was described as a challenge for delivering more walkable
environments. The lack of priority was described as both technical and political (e.g. “Aside from budget,
| think there is an underlying car-centric mindset amongst designers and policy makers which reflects on
the streetscape. [...] The language is still car centric; for example, highway and intersection design levels
of service are centred around vehicle delay and travel time. Even though pedestrians use the same
intersection, their time is valueless and is not captured in the design.”).

High level visions present a future Auckland that is liveable and accessible (e.g. Auckland Plan / “we [...]
need to make sure that people of all ages and abilities, including people with reduced mobility levels,
can go about their daily lives and get from one place to another easily, affordably and safely “, p. 6).
How are these objectives delivered, given the noted lack of priority but also the relative mismatch of
views regarding what users need?
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7D: Codes used in the deductive content analysis

Dimension Category Subcategory

Destinations Distance to desired end destinations

Distance to public transport stops

Walking network Street connectivity / block size
Stairs
Topography
Walking environment  Footpaths design (width, directness)
quality materials, execution
absence
temporary obstruction/ clutter
maintenance
Traffic volumes and speeds
noise and pollution
Traffic across the footpaths
Sharing space with bicycle riders
Crossing facilities non-signalised: layout, geometry

signalised, waiting time

signalised, layout, geometry

signalised, drivers’ behaviour

availability of appropriate crossing facilities

Conjunction: crossing facilities AND traffic conditions

Activation: presence of other people, “eyes on the street”

Street furniture presence (benches, ...)

layout

Use of the space by other people, (in)civilities

Landscape architectural quality

views

greenery

Holistic design quality

Lighting (presence, quality)

Shelter (presence, quality)

Availability of toilets/water

Broader transport Public transport availability and efficiency of public transport services

accessibility of public transport bus stops (design)

cost

comfort and lighting of PT stops

Driving ease, overall

availability of parking

cost of parking

travel times

environmental pollution

Other modes efficiency of rideshare

cost of rideshare

bicycle - travel time

bicycle - good infrastructure available

bicycle - ease of parking

Internal motivations/deterrents

External motivations/deterrents

No choice

Habit
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7E: Detailed results

Incentives and deterrents to walking

Table 5: Incentives to walking as mentioned by the professionals

Dimension N % all Category N % all
mentions mentions

Broader transport Convenience of walking 10 14%
system Cost of parking 3 4%
Driving, pollution 1 1%
Driving, travel times 2 3%
PT, efficiency 3 4%
Walking free / saves money 4 5%
Destinations 8 11% Distance to destinations 7 9%
Distance to PT stop 1 1%
External 4 5% Socialising 2 3%
motivations/deterrents Walking the dog 1 1%
Weather 1 1%
Internal 16 22% Enjoyment of walking 1 1%
motivations/deterrents Health and fitness _
Perceptions 8 11% Perceived accessibility 1 1%
Perceived comfort 1 1%
Perceived pleasant experience 3 4%
Perceived safety 3 4%
Street environment - 14 19% Footpaths design 1 1%
quality Greenery 1 1%
Holistic design quality 8 11%
Presence of other people 1 1%
Shelter (presence, quality) 1 1%
Signalised crissings - waiting time 1 1%
Traffic intensity 1 1%
Walking network 1 1%  Connectivity 1 1%
Total 74 100% 74 100%
Table 6: Deterrents to walking as mentioned by the professionals
Dimension N % all  Category N % all
mentions mentions
Broader transport 7 9% Convenience of walking 1 1%
system Ease of driving 5 7%
PT, efficiency 1 1%
Destinations 15 20% Distance to destinations _j
External 12 16%  Social norms 1 1%
motivations/deterrents Transporting someone or something 1 1%
Weather 10 13%
Internal 2 3%  Walking is too much effort 2 3%
motivations/deterrents
Perceptions 14 19% Perceived accessibility 2 3%
Perceived safety 12 16%
Street environment - Holistic design quality 10 13%
quality Non-signalised crossings layout 1 1%
Signalised crossings - waiting time 1 1%
Traffic intensity 4 5%
Traffic noise & pollution 2 3%
Crossings and traffic conditions 4 5%
Crossings, availability 1 1%
Walking network 2 3%  Connectivity 1 1%
Topography 1 1%
Total 75 100% 75 100%
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Table 7: Professionals vs users - comparison of frequency of mentions relative to the environment and

system, excluding perceptions, "other" and unclear inputs

Incentives, mentions

Deterrents, mentions

Professionals, Users, N=56 Professionals, Users, N=56
N=28 N=28

Dimension N % N % Chi2 N % N % Chi2
Broader transport system 17 35% 22 51% <.05 7 15% 1 2% <.01
Destinations 15 31% 9 21% <1 15 32% 13 25% ns
Street environment - quality 15 31% 11 26% ns 23 49% 30 59% ns
Walking network 1 2% 1 2% ns 2 4% 7 14% <1
Total mentions 48 100% 43  100% 47 100% 51 100%
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CHAPTER 8

8A: Citizen Scientists’ information sheet
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TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Participant Information Sheet for Citizen Scientists

Date Information Sheet Produced:
10.11.2018
Project Title: Quality of the walking environment and difficulties to access local destinations.

An invitation

Tena koe,

My name is Tamara Bozovic, | am a PhD student at Auckland University of Technology. You have already participated
to the interviews within the project “Quality of the walking environment and difficulties to access local
destinations”. We thank you again for your time and would like to invite you to further participate in the research,
as a Citizen Scientist. This participation is optional. Working with a team of 10 to 15 Citizen Scientists is a way for us
to involve those residents who wish throughout the research, from the data collection to the dissemination of the
results to the local authorities. This information sheet gives you the detail about this process. Thank you in advance
for reading it and letting us know if you are interested.

What is the purpose of this research?

This research aims to contribute to the efforts of improving the urban environment. It is important because the
streets’ environments can cause difficulties that discourage walking. Aucklanders’ levels of walking are rather low,
and strategies such as the Auckland Plan aim to encourage accessing local destinations on foot or by wheelchair,
for all. Understanding the difficulties can help the local authorities improve the streets environments by addressing
those aspects that matter most. This research will provide insights into what these difficulties are and how they
influence people’s choices for moving around. The results will be shared with all the participants, presented to the
local authorities responsible for the redesign of existing components of urban environments, and submitted for
publication to scientific journals and conferences.

What are Citizen Scientists and what will be their role?

Citizen Scientists (CSs) are adults who have participated in the first phase of this research, the face-to-face
interviews. They don’t need to have any specific training. They experience some difficulties accessing their local
environment on foot or by wheelchair, and are interested in being involved in this research as co-investigators. We
aim to recruit 10 to 15 CSs.

The CSs will have following roles:

e Data collection: The CSs will capture insights of walking routes they choose, using a specialized app (Stanford
Neighbourhood Discovery tool, see detail below). Through the app, they will capture photos of the streets’
characteristics, add short explanations for each photo (recorded voice messages). The app will also record the
route taken and the places where the photos were taken. The CSs will be trained to use the app. They will
have the choice to either walk those routes in pairs, or be accompanied by the primary researcher, so to
discuss in vivo the elements observed. Each trip will be entirely decided by each CSs (destination, route, pace,
time...). If a participant cannot use an app, arrangements will be sought, for instance walking with the primary
researcher who captures the elements indicated by the participant.

e Data analysis: CSs will be invited to discuss the topics and themes found through the analysis of the data
coming from the Household Travel Survey data, the interviews, and the insights captured from the app. Their
will have the opportunity to comment on the interpretation of the findings and suggest further analyses they
would find useful to bring to the local authorities. A focus group will be organized with the local practitioners
working in the field of the streets design — within this focus group, the participants and practitioners will be
invited to discuss the results of an anonymous survey previously filled by the practitioners, asking them about
the priorities regarding the improvement of the streets environments and the challenges.

e Data dissemination: At the end of the research process per se, the CSs will be offered to bring the findings to
their local authorities, and express their own views, supported by the primary researcher. The primary
researcher will act in this case as a technical consultant, ready to help and answer questions, but not the
person leading the discussions.
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How will the research be measured?

The research will be measured partly by the use of an app called “The Stanford Neighbourhood Discovery
Tool”. As a Citizen Scientist, you would use this app to take pictures of your surroundings and note things that
you find difficult or easy (see picture below). This is an app on a smartphone/tablet which is made by the
Stanford University in California — USA to measure aspects of someone’s environmental neighbourhood. If you
would like more information about the tool, visit this website:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3601583/

A 30 minutes training session will be organized to help you Record Your Thoughts
familiarize yourself with the app, and answer questions you

might have. An important thing to note for now is that you ol If the volume i
will be asked to take only photos of street characteristics ol e

(e.g. a crossing you find difficult or easy) and avoid P s recording is
lick on the working!
photographing people unless necessary (for instance, you :"k'w'w"f %
. . . . 0 record your 3 2
would like to capture a lively plaza you like). In this case you thoughts :

- >

will be asked to avoid close-ups or anything that makes one L ;el:;r 'jD;ne
B - o {—— € rein;
person easy to identify. This research examines streets (CX:] when you
i : T have finished
design features and not people’s behaviours, so we would 3 describing

your thoughts

like to avoid bothering the users of public spaces —_— e
unnecessarily. w

How was | identified and why am | being invited to participate in this research?

All the interview participants are invited to join the research team as CS. The applications are taken by order of

arrival, and the only limit is that the CSs team cannot have more than 15 participants.

What will happen in this research?
Participants’ roles are described above. Please note that every aspect is voluntary. Namely:

e The participants choose how many walks they would like to make, using the app.

e They choose the destination, route and time of the walks, and decide if they would like to do the walk in pairs

or with the principal researcher.

e The results will be discussed in three work meetings and one focus group with the practitioners (each
meeting up to one hour, at AUT City campus). The participants can choose to which meetings they
participate, without any obligation. Those participants who cannot attend a meeting will receive a memo of
the points discussed.

The meetings will be audio-taped for transcription purposes. Only the primary researcher will access the audio

tapes.

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither advantage nor disadvantage you. You are able to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,

removal of your data may not be possible.

If you wish to participate, please contact me by email or telephone. To participate, you will be asked to sign a
Consent Form. You will find this document at the end of this letter. You can either send me a scanned signed copy

with your email, or you can sign this document when we meet for the interview.

What are the discomforts and risks?

It is not anticipated that participants will encounter any risk from participating in this research. Capturing the
insights during usual walks includes the risks inherent of being in the street environment. The participants are
advised to respect the road code and not to do anything that puts them in danger regarding traffic or other sources.

Due to the nature of a working group made of participants, other people may know that you are participating.
However, should you prefer not to provide information to any of the questions, you will not be disadvantaged in

any way. All questions are voluntary, and participants can withdraw from the study at any time.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3601583/

What are the benefits?

To date, the understanding on how the streets environment possibly hinders or prevents trips on foot or by
wheelchair is very poor. Internationally, the quantity of data is weak, and presents many biases. This research will
contribute to local authorities’ effort to improve existing urban environments. Having a good evidence is important
in order to target the biggest difficulties for residents and visitors (e.g. people with disabilities, parents with prams,
older people). Beyond Auckland, the findings could be useful for other New Zealand or Australian urban areas, given
that the issues are likely to be linked to system design practices, being similar. Ultimately, addressing main barriers
to access improves everyone’s ability to participate, and helps create a more supportive environment for an ageing
population. We also hope that the results will be useful to the local practitioners working on the streets’ design.
For me, this research will contribute to the obtention of a PhD and allow me to submit findings to academic journals
and conferences. Beyond this, | feel privileged to be able to leverage users’ insights to help improve the transport
planning and urban design practices.

We value your time and will offer a koha ($30 supermarket voucher) in sign of appreciation at the third work
meeting.

How will my privacy be protected?

All information that you give us will be treated as private and confidential. Only me and the researchers involved in
the study will have access to the records. Research records will be kept in a locked file and sorted by number codes,
not by names. In any sort of report we publish, information will be presented in a way that doesn’t allow to identify
you or any other participant in any way. Data will be stored on AUT premises for 6 years and will be permanently
destroyed after this period.

What are the costs of participating in this research?

There are no costs except for your personal time, for participating to this research. Participating as CS represents
an estimate of 8to 10 hours, spread over the year 2019. This includes 30’ training for the use of the app for capturing
photos and comments (Neighbourhood Discovery Tool), three one-hour meetings, and one to three hours of data
collection, and the participation to the focus group with the practitioners. All the modules are optional, and the
participants choose which meetings they want to participate to, and how many walks using the Neighbourhood
Discovery Tool they wish to make.

What opportunity do | have to consider this invitation?
If you are happy to participate in this research, please let me know your decision by the 15 January 2020.
Will | receive feedback on the results of this research?

Yes, you will receive a summary of the findings unless you indicate in the Consent Form that you do not wish to
receive them.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Professor Erica Hinckson: Erica.hinckson@aut.ac.nz, +64 9 921 9999 ext 7224.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
O’Connor, ethics@aut.ac.nz , +64 921 9999 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:

Tamara Bozovic, AUT City Campus, Auckland, E-mail: rfg8954 @aut.ac.nz, Ph: 021 212 35 03

Project Supervisor Contact Details:
Professor Erica Hinckson: Erica.hinckson@aut.ac.nz, +64 9 921 9999 ext 7224.

Approved by the Auckland University of Technology Ethics Committee on 12 December 2018, AUTEC Reference number 18/431.
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Consent Form for Citizen Scientists

Project title: Quality of the walking environment and difficulties to access local
destinations

Project Supervisor: Professor Erica Hinckson

Researcher: Tamara Bozovic

O | have read and understood the information provided about this research project in the Information Sheet

dated 10.11.18.
O | have had an opportunity to ask questions and to have them answered.

O I understand that the Citizen Science process involves (a) meetings during which notes will be taken and audio-
tapes recorded; (b) field surveys during which | will be able to capture insights of my usual trips; (c) a focus
group with street design practitioners

O I understand that | will be free to choose to which part(s) | wish to participate.

O | understand that the field survey relates to trips in my usual environment, walked together with another
participant or the researcher, where | will choose the route and destinations while respecting the road code. |
understand that | am not asked to do anything that puts me in danger regarding traffic or other sources.

O I understand that | can appear in the list of people participating to the focus group either with my real name or
with a pseudonym. | understand that nothing | say will be attributed to me, and that everything that is said will
be transcribed in an anonymised way (e.g.: “Resident”). | agree to respect this, and not disclose who has said

what.
O | accept to be identified by my real name in the participants’ list (please tick one):

Yes O No: identify me as User choosing to remain anonymous, age ... O
O lunderstand that notes will be taken during the focus group and that it will also be audio-taped and transcribed.
O | understand that taking part in this study is voluntary (my choice) and that | may withdraw from the study at

any time without being disadvantaged in any way.

O I understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings
have been produced, removal of my data may not be possible.

O | agree to take part in this research.

O | wish to receive a summary of the research findings (please tick one): YesO NoO

PartiCipant’s SIBNATUIE: oottt e e e ettt te et e e e et et e se e et saeae s et eessasebe st anabessrssas et eee
PartiCipant’s NAME: oottt e e e e sttt e teste e et es et se et st e aetassasebe et nnatesbessas et ene

Participant’s Contact Details (if appropriate):

Approved by the Auckland University of Technology Ethics Committee on 12 December 2018, AUTEC Reference number 18/431.

Note: The Participant should retain a copy of this form.
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1. Introduction

Technological development is contributing to new forms of mobility
(e.g. shared vehicles or scooters); its ease of use (information, pay-
ment); and possibilities to replace trips altogether (Lyons et al., 2018).
While the concept “mobility as a service” (i.e. shift from privately
owned vehicles to shared solutions that are consumed on a subscription
base) is gaining traction, walking and walkable places appear to be high
on the priority list of cities and citizens (Giles-Corti, 2017; Lowe et al.,
2015; UN DESA, 2016; UN-HABITAT, 2014, 2016). The broad benefits
of walking are well established, namely in terms of equity of access and
independent mobility (Burdett, 2018; Gibson et al., 2012; NZIER, 2014;
Rose et al., 2009); social and economic participation (Bigonnesse et al.,
2018; Eisenberg et al., 2017; Fomiatti et al., 2014; Hoenig et al., 2003;
Mindell, 2017); physical activity (Alidoust & Bosman, 2015; Annear
et al., 2014; Eisenberg et al., 2017; Haselwandter et al., 2015; Webber
et al., 2019); and urban economic efficiency (Davis & Golly, 2017;
McCann, 2009). 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 goals (C40 Cities, 2018; United
Nations, 2015). In a rapidly urbanizing world (UN DESA, 2018),
“walking as a choice” is therefore likely to be an increasingly important
topic. The underlying question will be what to build, retrofit and pro-
vide, for diverse people to choose walking against alternatives?

Research on walking has made significant progress in understanding
the dimensions influencing individual choices. The socio-ecological
framework is widely accepted as a sound theoretical approach to
human activity behaviours, capturing the importance of the Built
Environment (BE) in conjunction with individual; social/cultural; or-
ganizational; community; and policy dimensions (Alfonzo, 2005;
Forsyth, 2015; Sallis, 2009; Sallis et al., 2016). The framework provides
an overall principle of multiple dependencies under which to develop a
specific model for walking (Alfonzo, 2005; Sallis, 2009). Multiple calls
for a better understanding of pathways through which BE correlates
with walking behaviours have been made (Alfonzo, 2005; Badland,
2007; Forsyth, 2015; Franckx, 2017; Kerr et al., 2016; McCormack &

Shiell, 2011).

There is at the moment no commonly agreed model explaining
walking as a choice. As recently as 2016, Buckley and colleagues ex-
amined the question why people walk (Buckley et al., 2016) and in
2018, Read and colleagues studied two well-defined pedestrian situa-
tions (road crossing and railway level crossing), comparing walking as
done by study participants and as imagined by transport practitioners.
They noted that “a gulf exists between pedestrian activity ‘as imagined’
and ‘as done’” (p. 82) and showed that the real pedestrian behaviour
was both much more diverse and complex than anticipated by practi-
tioners (Read et al., 2018).

The understanding of a “walkable” place remains debated (Forsyth,
2015; Kashef, 2011; Talen & Koschinsky, 2013). A variety of indices
offer to measure environmental “walkability”, using diverse sets of
metrics (Adams et al., 2009; Frank et al., 2010; Gehrke &
Transportation Research Board, 2012; WalkScore, 2018). Existing evi-
dence generally focuses on able-bodied people, and there is a need to
better understand the barriers experienced by people with lower levels
of functioning due to specific impairments or old age (Bigonnesse et al.,
2018; Eisenberg et al., 2017; Gray et al., 2012; Rimmer, 2017; Stafford
& Baldwin, 2017). The notion of “walking” further fully encompasses
wheelchair use, crutches and other mobility devices.

Cities with an inherited car-oriented BE seems to contribute to dif-
ficulties for habitual walking (Gehl, 2010, 2011; Jacobs, 1961; Speck,
2012). Retrofit and better design offer important potentials towards
providing places that support human well-being and walking as a
choice (Gehl, 2010; Gunn et al., 2017; Speck, 2012). 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 alter-
natives to walking (Lyons et al., 2018) or the simple fact that a “per-
fectly walkable” environment might not exist. However, better under-
standing the influences of BE on the choice of walking would help
assess what is non-walkable, and aid specifying the “minimal definition
of physical walkability” (Forsyth, 2015).
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The main objectives of this paper are to (1) examine how the BE has
been conceptually related to walking behaviours; (2) examine how the
posited models are supported by evidence; and (3) present a new ver-
sion of a social model of walkability based on the findings. The fra-
mework linking BE to walking has been named Social Model of
Walkability, terminology loosely referring to the Social Model of
Disability (Oliver, 2013).

In addressing the four main objectives the following questions were
asked:

1. How is the notion of “walkability” understood, and what are the
elements of consensus / disagreement? Are theoretical models linking
BE features to walking behaviour identified?

2. Which correlations between specific BE features and walking
behaviour have been examined, and what are the results?

3. How are the BE features measured, and to what extent are they
comparable across studies?

4. How does the available evidence inform the possible cofounding
factors of impairments, old age, or self-selection?

Given the volume of research produced in the last decade, stemming
from different fields and the scope of the questions, conduct a critical
umbrella review otherwise known a review of reviews. This format is
useful for compiling findings relative to broad questions into one usable
document (Grant & Booth, 2009). This approach was complemented by
examining more specifically the theoretical models identified in the
reviews, as well as empirical studies citing those models considered to
be particularly relevant. This critical umbrella review (Grant & Booth,
2009) focuses on (1) adults, with the aim of better understanding the
choice of walking and suggesting a model; (2) and post-industrialised
urban environments.

The paper is structured as follows: the method and methodology of
the review are described. Then research findings are presented and
discussed, in relation to each of the four questions. Finally, the research
findings are summarised in the Conclusion section.

2. Materials and methods
2.1. Search strategy

Scopus and Science Direct databases were chosen for this critical
Umbrella review because they offered a large coverage of the published
literature across disciplines specifically related to the research question
(Forsyth, 2015; Kashef, 2011) including health, urban design, sociology
and transport planning. The search terms were:

(walkability AND built AND environment), and

(walking AND (choice OR neighbourhood OR neighborhood OR
parameters OR determinants)).

We searched for literature reviews published in the 10 years up to
18.4.19.

2.2. Selection of reviews

Articles were first screened on titles and abstracts, before a full text
review. The inclusion criteria were: (1) adult population, or results for
adults; (2) urban or suburban environments, or mixed, with specific
results; (3) provides correlations between BE aspects and walking, or
examines critically the notion of walkability; (4) refers to environments
that can be compared to post-industrialised car-dominated societies,
defined as having a high or very high human development index (HDI);
and having a car ownership over 200/1,000 residents.

2.3. Data extraction
Two types of data were extracted for each study:

a. Focus and scope, noting (1) what aspects of built environment were
considered (destinations availability and/or quality of walking
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realm, objective and/or perceived); (2) if these aspects correlated to
walking levels or experienced barriers and facilitators; (3) if dis-
ability, old age and self-selection were controlled for; (4) if a theo-
retical model was developed or tested; and (5) if walkability as a
concept was examined. For detail please see Additional file A.

. Reviews findings linking BE and walking, detailed in Additional file
B.

It was expected that the volume of evidence for the correlations
between BE and walking would be both low and difficult to compare
across reviews, given namely (1) the absence of a commonly agreed set
of indicators of walkability that are specific, comprehensive, and mu-
tually exclusive; and (2) the diversity of measures of 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 meta-analyses sharing the same methodology (Barnett
et al., 2017; Cerin et al., 2017) by keeping both their BE categories and
their method for the synthesis of findings, i.e.: categorising BE-walking
associations as significantly positive (P), significantly negative (N), or
not statistically significant (@); allowing single articles to contribute
several findings; and giving fractional weights in case of multiple as-
sociations found by a study for a same BE attribute (e.g. if one attribute
is positively associated for walking in men but non-significant for
women, it will be noted as P: 0.5, and @: 0.5). Where p values were
provided, results significant at p < 0.05 were recorded. BE categories
were assimilated to those of the meta-analyses unless they referred to a
slightly different or more specific BE feature (for instance: the meta-
analyses speak of “safety from traffic”, while others speak of “safe and
convenient crossings” (Salvo et al., 2018)). Categories were re-ordered
under the broad topics of feasibility, safety from crime, accessibility,
comfort and pleasure, posited by Alfonzo as levels of walkers’ needs.
The needs range from the most basic to the most sophisticated (Alfonzo,
2005). Statistically significant positive and negative correlations were
noted, as well as non-significant findings (p > 0.05).

2.4. Data processing

Positive, negative, and non-significant (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 ratios of findings in
unexpected directions.

3. Results and discussion

The search identified 194 titles. After screening of titles and ab-
stracts, 54 reviews were retained for full review. Of these, 17 met the
inclusion criteria. The screening and filtering process of the papers is
presented in Fig. 1 below.

Of the identified 17 reviews, eight analysed the notion of walk-
ability, 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 meta-analyses) included also some rural
contexts and did not 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, differences by type
of setting were investigated and reported.

3.1. Question 1 — How is the notion of “walkability” understood?

The eight identified reviews provide essential and in-depth insights
into the definitions and meanings of the term walkability (Hutabarat
Lo, 2009) along with the concept of walkable suburbs (Kashef, 2011)
and neighbourhoods (Talen & Koschinsky, 2013); the different dimen-
sions of “walkability” (Forsyth, 2015); the understanding of barriers to
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#Records identified through
database searching
203

v

#Records after duplicates
d, d
remo.ve screenedon »| 140records excluded
title/abstract
194
#Full-text articles assessed for 37 Full-text articles
eligibility —»| excluded based on
54 determined criteria

v

#Reviews included in critical

review of reviews
17

Fig. 1. . PRISMA diagram for article screening and inclusion process.

walking for diverse population groups (Mindell, 2017; Stafford &
Baldwin, 2017); and a critical analysis of the professional practices
(Andrews et al., 2012; Kashef, 2011) and operational measures of ac-
cessibility (Vale et al., 2015). The findings are synthetized below under
four aspects: complexity, elements of consensus, dissensions, and con-
tributions to a theoretical model.

3.1.1. Walkability as a complex phenomenon

Authors agree on complexity, noting that “overall, walkability is a
complex and contested phenomenon” (Forsyth, 2015), or that “the re-
search landscape now crowded with competing claims about what the
walkable neighborhood can be expected to do” (Talen & Koschinsky,
2013). A vast array of potential benefits is described, ranging from
enhancing social interaction and the sense of community (Kashef, 2011)
to improving liveability and equity of access (Stafford & Baldwin, 2017)
or supporting residents’ daily activities (Talen & Koschinsky, 2013).
Different professions such as urban design, health, or transport were
also found to focus on different aspects of walkability such as the out-
comes in terms of physical activity or the quality of design (Andrews
et al., 2012; Forsyth, 2015). This is problematic when attempting to
identify specific assets that should be built or improved, as diverse as-
pirations and focuses can contribute to the diversity of recommenda-
tions for delivering “walkability” (Forsyth, 2015).

Acknowledging this diversity of views, Talen and Koschinsky
nonetheless had an attempt at defining the “walkable neighbourhood”
as “a safe, well-serviced neighborhood, imbued with qualities that make
walking a positive experience.”(Talen & Koschinsky, 2013). Beyond a
broader dissension on what a “neighbourhood” is and how it is defined
(Andrews et al., 2012; Hwang, 2017; Loo et al., 2017; Stafford &
Baldwin, 2017), a pertinent question is what does “positive experience”
look like, and does this differ across ages, disabilities or other char-
acteristics?

3.1.2. Elements of consensus

A general consensus was found on (1) destinations within a walk-
able distance (Hutabarat Lo, 2009; Kashef, 2011; Vale et al., 2015); (2)
absence of barriers to access (Mindell, 2017; Stafford & Baldwin, 2017)
and (3) a form of safety from crime and traffic (Forsyth, 2015;
Hutabarat Lo, 2009; Talen & Koschinsky, 2013). These are in a way
minimum requirements (Forsyth, 2015). Taking a holistic perspective,
the reviews note (1) the importance of users’ perceptions of difficulties
or barriers for the choice of routes or the decisions to avoid walking
altogether (Eisenberg et al., 2017; Mindell, 2017; Stafford & Baldwin,
2017); (2) the current high levels of difficulties of walking in car-or-
iented environments, with high traffic exposure and limited appropriate
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crossings (Hutabarat Lo, 2009; Mindell, 2017); and (3) inequities of
access (Eisenberg et al., 2017; Hutabarat Lo, 2009; Stafford & Baldwin,
2017). These elements of consensus align with evidence regarding the
barrier effect caused by traffic, identified since the 1960 s (Appleyard &
Lintell, 1972; Jacobs, 1961).

People’s decisions to walk and their determinants need to be better
understood, for providing street environments supportive of walking
and positive experiences. (Andrews et al., 2012; Eisenberg et al., 2017;
Forsyth, 2015; Hutabarat Lo, 2009; Stafford & Baldwin, 2017).

3.1.3. Lack of consensus: Quality of the walking environment

Lack of consensus has been noted mainly around the quality of the
walking realm and its importance for walking (Forsyth, 2015;
Hutabarat Lo, 2009; Kashef, 2011). The users’ perceptions are not
clearly linked with objective parameters, and therefore often con-
sidered less legitimate than the objective measures (Andrews et al.,
2012).

There is no one holistic and consensual model integrating the dif-
ferent components of walking, and no overview of what matters. Scales
or tools assessing the quality of the BE are diverse (e.g. (Gehl, 2010;
Mayor of London, 2017; Mindell, 2017; Pikora et al., 2002; Saelens
et al., 2003)). While specific aspects of quality are usually positively
associated with walking, there is no guarantee that those characteristics
assumed to be important cover indeed all that matters to people in a
non-redundant way (Forsyth, 2015). Studies tend to correlate assumed
features from also assumed and arbitrary areas (e.g., 400 m from home)
with levels of walking or physical activity. There is a lack of under-
standing of why these features matter, how much they matter (Vale
et al.,, 2015), and how individual characteristics might moderate this
importance (Eisenberg et al., 2017; Mindell & Karlsen, 2012; Stafford &
Baldwin, 2017). Andrews and colleagues speak of ‘neo-environmental
determinism’ (Andrews et al., 2012) to describe this vast array of as-
sumptions. Major methodological issues are noted in ways walkability
is assessed and measured. They are discussed under Question 3, below.

3.1.4. Identified contributions to a theoretical model of walkability

Forsyth outlined the work of Alfonzo as a major contribution to the
understanding of the relationship between BE and walking (Alfonzo,
2005; Forsyth, 2015). Alfonzo posited a hierarchy of pedestrian needs,
referring to Maslow’s pyramid of human needs (Alfonzo, 2005). The
posited needs range from the most basic (feasibility and accessibility) to
a higher order (pleasure); safety and comfort are placed in between —
(see (Alfonzo, 2005), p. 817-829).

Further, the model considers that objective BE characteristics are
filtered by users’ perceptions; perceptions inform the satisfaction of
needs for walking; and the decision to walk depends on the satisfaction
of needs but also on individual characteristics (Alfonzo, 2005). People
first assess the satisfaction of most basic needs, before considering
higher order ones. The perceptions of each of the needs moderate the
outcome.

Alfonzo noted that the (non) satisfaction of the needs would prob-
ably be associated with walking behaviour but through the moderating
effects of individual constraints, available options, trip purposes or
preferences (Alfonzo, 2005). The model was further developed and
tested by Mehta (Mehta, 2008), and more recently by Buckley and
colleagues (Buckley et al., 2016). Their findings supported the frame-
work and identified the additional contribution of individual motiva-
tions. The three approaches confirmed the relevance of the socio-eco-
logical framework, the basic requirement of having destinations within
reachable distance, and, the importance of the perceived safety, ac-
cessibility and pleasantness as facilitators or barriers. While these stu-
dies progressed the understanding of walking as a behaviour, they had
several limitations: Mehta assessed main street environments only, and
his results were possibly biased by (1) an unique type of environment;
(2) a small sample; (3) a cohort including few older and no disabled
adults; and (4) the lack of consideration of the trip purpose, or the
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availability and comparative advantage of transport options (Mehta,
2008). Buckley and colleagues examined 15 motivators that were not
necessarily mutually exclusive or complete; interviewed people who did
undertake the walk, with the risk of missing people who were unable to
do so; and did not consider adults with impairments (Buckley et al.,
2016). Buckley and colleagues concluded there was a need to expand
this body of research and “to adequately address factors related to
higher order needs that are often beyond the attention of pedestrian
planning” (Buckley et al., 2016), p. 129. These works form however a
theoretical backdrop to be further developed and informed through
evidence. An important potential exists namely for qualitative research
examining the decision pathways through users’ unique perspectives
(Andrews et al., 2012).

3.2. Question 2 - which correlations between specific BE features and
walking behaviour have been examined?

3.2.1. Identified reviews and scopes

Nine reviews examining the correlations between BE and walking
were identified. Seven reported walking for all purposes (Barnett et al.,
2017; Cerin et al., 2017; Eisenberg et al., 2017; Ewing & Cervero, 2010;
Haselwandter et al., 2015; McCormack & Shiell, 2011; Salvo et al.,
2018), three reported walking for transport (Ewing & Cervero, 2010;
Grasser et al., 2013; McCormack & Shiell, 2011) and two for recreation
(Ewing & Cervero, 2010; McCormack & Shiell, 2011). Two recent re-
views (Barnett et al., 2017; Cerin et al., 2017) stand out for being meta-
analyses with sophisticated methods for weighting articles by quality
and sample size, a control for non-duplication of primary findings, and
estimates of strengths of associations between each examined BE con-
struct and walking. This effort is of high importance, given the difficulty
to compare primary data as it shows a vast diversity in ways BE or
walking as an outcome are operationalised (Cerin et al., 2017; Van
Cauwenberg et al., 2011). Both reviews focused on older adults (de-
fined as mean population age higher than 65 years) and examined how
objective and self-reported measures of BE compared, as correlates to
walking.

Overall, the identified reviews considered specific sets of BE attri-
butes and operationalised them in different ways. None of the reviews
claimed to have a set of attributes that was comprehensive, minimal,
and non-redundant. They generally tested aspects identified by pre-
vious studies as being potentially correlated with walking, with the
caveats that those studies themselves warned against potential bias,
redundancy or gaps (e.g. Frank’s 3D walkability index (Frank et al.,
2010)). The variety of scopes is summarized in Table 1 against the
broad types of attributes and the ways they were measured.

The five reviews that examined both high level and qualitative at-
tributes included the two meta-analyses focusing on older adults
(Barnett et al., 2017; Cerin et al., 2017). The other three examined able-
bodied adults (McCormack & Shiell, 2011; Salvo et al., 2018) and adults
with disabilities (Eisenberg et al., 2017).

Table 1
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 High level  Street-scale  Total
Type of measure (a) and street- (a) only (b) only
scale (b)

Objective only 1 2 - 3
Perceived only 1 - - 1
Objective or perceived 1 1 1 3
Objective and perceived 2 - - 2
Total 5 3 1 9

Notes: (a): Neighbourhood or area-level aggregate measures such as land use
mix, street connectivity or number of destinations; (b) Street-scale (micro-scale)
attributes such as presence of street furniture or traffic volumes/speeds.
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The overall poor quality of the primary studies is to be noted: for
instance, only 9% of the 100 papers examined by Barnett and collea-
gues were considered “high quality” (Barnett et al., 2017). Both meta-
analyses noted that two thirds of the papers could not demonstrate
representativeness of the population, and that papers had diverse levels
of adjustment for socio-economic characteristics or appropriateness of
analytical methods. Findings are further difficult to compare directly
across reviews, given (1) the differences of approaches (weighting of
findings as done in the meta-analyses vs simple reporting of findings);
(2) the widely diverse ways BE was operationalised (see above); and (3)
the potential redundancies of primary data. The issue of quality had
been previously outlined (Benton et al., 2016; Loo et al., 2017).

Built environment correlates with walking

The BE characteristics were classified using the Neighbourhood
Environment Walking Scale (NEWS) (Adams et al., 2009) in the meta-
analyses (Barnett et al., 2017; Cerin et al., 2017), while the other re-
views used own categories and definitions. The results are here ex-
amined using the NEWS categories complemented with additional di-
mensions that were examined. It should be noted that the results are
influenced by (1) a strong focus of the reviews on the domains of fea-
sibility of walking trips and safety from crime, with less investigation
into aspects relative to comfort and pleasure; (2) same 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 some-
times a mix of statistically significant and non-significant findings.
When examining constructs individually, the reported findings from the
primary studies show generally large proportions of non-significant
findings (for instance, “overall access to destinations” is noted as
strongly and positively significant in both studies but respectively 77%
and 54% of weighted primary inputs are non-significant). Counter-in-
tuitive results were also found, such as negative influence of safety from
crime and of residential density (Barnett et al., 2017), or positive in-
fluence of littering, vandalism and decay (Cerin et al., 2017).Some
examined aspects are not part of the NEWS scale. They were: retail floor
area ratio (Ewing & Cervero, 2010); presence of jobs (Ewing & Cervero,
2010; Grasser et al., 2013); connected pedestrian infrastructure as a
better measure of connectivity than road centre lines (Ewing & Cervero,
2010; Salvo et al., 2018); presence of other people walking, different
possible barriers to walking, adequate crossing facilities, and air pol-
lution and noise pollution (Salvo et al., 2018). All were supported as
correlates of walking without counter-intuitive primary findings but
based on low numbers of primary studies. Importantly, many of the
qualitative aspects that are associated with walking outcomes (e.g.
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
(Carmona, 2019).

Overview results for total and transport walking are detailed in
Table 2, while details are in Additional file B.

3.3. Question 3 — How are the BE features measured, and to what extent are
they comparable across studies?

Major methodological issues are noted in ways walkability is as-
sessed and measured. Three types were identified: the use of proxies,
the assessment of BE quality, and the consideration of needs of disabled
and older people. Firstly, elements such as connectivity index or re-
sidential density can be considered as proxies: while the direct causal
link might be absent (i.e. someone might not choose to walk because
there are 230 people per square hectare in their neighbourhood), cor-
relations might be found with levels of walking because these proxies
code for other aspects not considered, such as for instance availability
of destinations or difficulty of driving (Talen & Koschinsky, 2013).
Second, the quality of the walking environments is poorly assessed
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overall, often capturing only the presence/absence of assets assumed to
be important and failing to build a picture of convenience or plea-
santness (Andrews et al., 2012). Third, the needs of disabled people and
older people are broadly overlooked, while it is known that these
groups can be sensitive to specific environmental attributes such as for
instance the presence of physical barriers (Stafford & Baldwin, 2017).

BE characteristics were reported under different “labels” by dif-
ferent reviews, making them difficult to compare. Specific BE attributes
were often clustered under umbrella-terms — e.g. presence of graffiti,
litter or abandoned buildings against the construct “safety” (Won et al.,
2016). The heterogeneity in ways primary studies assessed similar
constructs was also widely outlined: investigations based on objective
and/or perceived measures, and the objective measurements them-
selves could vary (e.g. “connectivity” - sometimes also called “design”
(Ewing & Cervero, 2010)- can relate to block sizes, intersection den-
sities, or a ratio of four- or three-way intersections to all intersections,
while the land use mix can be calculated as the entropy index, the -
Herfindahl-Hirschman index or other measures such as the number of
different land uses (Grasser et al., 2013)). The measures also relate to
diverse perimeters, e.g. various distances from home, an administrative
area, or else a perceived territory reachable within 10 or 20 min
(Barnett et al., 2017; Cerin et al., 2017).

The analysis of objective versus perceived measures showed sig-
nificant differences between the two constructs. Findings from Cerin
et al. (Cerin et al., 2017) are summarised in Table 3. 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 availability of
parks, only the perceived measure was significant, and the objective
measure was the only correlated with street connectivity.

Overall, a high level of “noise” was observed resulting of comparing
results of associations between BE and walking. A possible explanation
relates to primary findings, representing an extraordinarily vast number
of possible combinations between BE constructs and walking measures.
This complexity is illustrated in Fig. 2.

3.4. Question 4 —How does the available evidence inform the possible
cofounding factors of impairments, old age, or self-selection?

Multiple types of moderators or cofounders of the BE-walking as-
sociation were examined. Below, dimensions identified as potentially
important (see above, discussion on walkability) have been assessed,
namely: typology of residential area, age, impairments, trip purposes,

Table 3
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driver status, and self-selection.

3.4.1. Typology of residential area

Cerin et al (Cerin et al., 2017) detailed one study that analysed
possible moderating effects on walking and reported that for older
adults living in urban or rural areas there were no significant associa-
tions between access to destinations/services; availability and accessi-
bility of public transport; public toilets; benches/sitting facilities; safety
from traffic and crime; pedestrian-friendly features; street lights; lit-
tering/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 living in rural areas, in comparison with younger
people and those living in urban areas 75 years living in rural areas, in
comparison with younger people and those living in urban areas. In the
examined studies, two focused on urban areas specifically (Ewing &
Cervero, 2010; McCormack & Shiell, 2011), 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.

3.4.2. Age

The influence of age was noted against both the proximity to des-
tinations and the quality of the environment (Haselwandter et al., 2015;
Salvo et al., 2018). The proximity to destinations was noted as more
important for older adults (Haselwandter et al., 2015; Salvo et al.,
2018), especially when they don't drive or anticipate not being able to
drive anymore. Distance related to the ability to participate in the life of
the community(Salvo et al., 2018). Within cohorts with a median age
above 65 years, those aged 75 and over were also more sensitive to the
presence of nearby parks (Cerin et al., 2017). Overall, older adults also
found safety from the traffic (Salvo et al., 2018), good footpath con-
ditions (Haselwandter et al., 2015; Salvo et al., 2018), and possibilities
to sit (Cerin et al., 2017; Haselwandter et al., 2015) more important
than younger populations. However, those preferences might be influ-
enced by a lower self-efficacy and/or frailty, and not be an exclusive
outcome of age (Salvo et al., 2018).

3.4.3. Impairments

The quality of the built environment is critically important in the
notion of disability itself: in the widely accepted Social Model of
Disability, BE is seen as a determinant of a person’s ability to function,
alongside the person’s impairments (Oliver, 2013). Disability thus

Associations BE-walking from Cerin et al, 2017, detailed by type of measure, objective/perceived.

Expected direction of association

Directions of associations (a) by type of

(b) measure
Objective or perceived, mix Objective only  Perceived only
P Residential density/urbanisation(?) P P P
P Land-use mix—destination diversity(?) P @ P
P Street connectivity(?) P P @
P Access to public transport (distance to, availability)(?) P P P
P Parks/public open space (distance to, availability)(?) P %] P
P Safety from traffic(?) @ @ %]
P Greenery, landscaping, “aesthetically pleasing” scenery(?) @ %] %]
P “Walk-friendly infrastructure” or “pedestrian-friendly P %) %)
features”(?)
Notes

ADirections 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.
bExpected direction of association: P (positive) or N (negative).

‘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 specific

features.

®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 convenient crossing facilities” is part of a broader “safety from traffic construct).
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Built environment

WHAT

High level proxies?

Urban density - Population, jobs, retail floor ratio, other?

Street connectivity - Intersections density, block size, block maximal
length, percentage of dead-ends? Do they refer to road centre lines
or pedestrian network?

Type of neighbourhood - E.g. “city centre”, “traditional
neighbourhood centre”, suburban, etc.? How are they defined?

Destinations availability?

Which destinations? Are they weighted regarding importance, and
how? Do they include public transport stops?

Are they the same for the whole population?

Quality of the street environment?

What aspects? Built and/or natural? Includes or not activity (traffic,
other people walking, presence of people in public spaces, shops and
cafes frontages, etc.?)

Are they the same for the whole population?

Is the robustness of the chosen set of measures verlfied
(i.e. that it is pl |, and that the

measures don't overlap)?

Pesence/absence, or level of quality? How is the quality assessed?
What dimensions of the BE characteristics (above) are measured?
Density, total number of destinations or assets or utility function (+1
destination = +x utility)? Does the calculation consider a distance
decay function?

How are the dimensions of the BE measured- objective (GIS,
infrastructure survey); perceived by users; interchangeably objective
or perceived; both objective and perceived; or expert audit?)

HOW
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Walking

WHAT

What purpose(s)?
For transport, leisure, physical activity?
To specific destinations, e.g. work?

What metric(s)?

Walking levels?

Number of trips, time or distance walked, odds of meeting physical
activity recommendations, etc.?

Trips not walked?

Trips within walkable distance made by other mode or not made at

ali?
WHERE

Ease of access on foot?
How is it measured?

Neighbourhood walking (and what is considered “neighbourhood”?)
or total walking?

x WHAT
WHERE What population(s)? What type of association?
_ What ages and physical abilities? Qualitative or Quantitative? Cross
What control for self-selection, motivations, sectional, longitudinal with same
% availability of other transport options, level of participants, longitudinal with different
Semng income or other socio-economical variables? participants, etc?

Urban, suburban, rural? Specific geographical context?

Area of measure

Distance from home / census block / neighbourhood? If distance:
which distance, and how is it measured (as crow flies, road centre
line, or pedestrian network?)

Fig. 2. . Complexity of the BE-walking behaviour correlations as informed by the evidence: diversity of measurement of BE characteristics and walking behaviours;
multiplying the possible choices considered here, and considering that 5 options are possible for open questions such as “what destinations are considered”, the

indicative number of possibilities is nearly 800 billion.

relates to the interaction between a person and their environment. Ei-
senberg and colleagues studied adults with disabilities specifically,
noting that (1) the presence of local destinations is an incentive to
neighbourhood walking/wheeling; but (2) the quality of the built en-
vironment can discourage individuals from making the journey; and (3)
the qualitative aspects that represent barriers to access are still not well
understood (Eisenberg et al., 2017). It is however not clear how dif-
ferent types and levels of impairments influence the ease of access:
there is a lack of data for disabilities other than ambulatory (Eisenberg
et al., 2017); insufficient consideration of different forms of ambulatory
impairments (Bigonnesse et al., 2018); and no agreed overview of po-
tential barriers and their potencies (Alfonzo, 2005; Bigonnesse et al.,
2018; Eisenberg et al., 2017; Wee & Lysaght, 2009).

3.4.4. Trip purposes

Trip purposes were globally poorly accounted for. Distinct associa-
tions between BE characteristics and different types of walking were
however noted: (1) the availability of reachable destinations might be
correlated with walking for transport but not recreation, in older adults
(Hwang, 2017); and (2) the level of acceptance of barriers to walking
might be higher for important trips — for instance, disabled people are
likely to find strategies to achieve necessary trips, while the optional
ones might be foregone (Eisenberg et al., 2017). When comparing
proxies such as land use mix or street connectivity however, Ewing and
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Cervero found however little differences between associations with
walking for transport or recreation (Ewing & Cervero, 2010). A study by
Salbach and colleagues supports the importance of purpose on walking,
for older adults, identifying that the distances could significantly vary
(Salbach et al., 2014).

3.4.5. Driver status

Little evidence about the driver status or the availability of transport
options (and their relative qualities to walking) has been found. The
findings of one study on older adults (Ding et al., 2014) were reported
(Cerin et al., 2017). While the proximity of destinations and public
transport, and pedestrian-friendly features were important regardless
the driver status, proximity of parks and street connectivity was more
important for those who do drive.

3.4.6. Neighbourhood Self-selection

In 2010, Ewing and Cervero had noted that at least 38 studies had
tried to control for self-selection as a moderating factor between BE and
travel choice in general; the overall finding is that self-selection tended
to attenuate the association, which typically remained statistically
significative, also when examining walking specifically as an outcome
(Ewing & Cervero, 2010). More recently, and examining walking in
older adults, Cerin and colleagues found that self-selection was poorly
controlled for (it had been done in only 4 of the 42 studies they
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identified) (Cerin et al., 2017).

3.4.7. Confounders, summary

In summary, individual characteristics were diversely and not sys-
tematically accounted for. It seems important to ensure a robust control
of impairments, trip purposes, driver status or self-selection, char-
acteristics 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 sys-
tematic reviews in this field (Gebel et al., 2015).

3.4.8. Updated social model of walkability

Contributions to a theoretical framework linking BE to walking
behaviours have been outlined under Question 1. Most findings from
the reviews report associations between walking behaviour and BE
(considering its objective and/or perceived characteristics). Some ele-
ments also helped better understand the decision pathways relative to
walking. These are:

® Objective characteristics can contribute to perceptions of non-fea-
sibility or poor safety, leading to journeys foregone or diverted
routes (Eisenberg et al., 2017; Mindell & Karlsen, 2012; Salvo et al.,
2018). These align with warnings against interchangeable use of
objective and perceived aspects (Orstad et al., 2017) and support the
sequence linking objective characteristics to users’ perceptions and
further their decisions.

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
forego it, depending on if it is seen as necessary or not (Eisenberg
et al., 2017).

Further, some evidence outlined individual characteristics as pos-
sible cofounding factors, namely age, availability of alternatives,
impairments and self-selection. There is, however, a broad lack of
evidence on how these characteristics moderate the BE-walking
relationship.

The findings were used to propose an updated version of the fra-
mework originally developed by Alfonzo, Mehta, Buckley and collea-
gues. In Fig. 3, posited associations are noted in grey, while findings

Objective BE - destinations and street environment

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 sojourning

Perceptions
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from this review of reviews have been added with black lines. A need to
better understand users’ decision pathways is identified.

4. Conclusion

A critical review of reviews has been realised to examine the current
understanding of “walkability” as a concept and of Built Environment
(BE) characteristics as determinants of walking behaviours.
“Walkability” appears as a complex phenomenon, having various pos-
sible outcomes and components. Studies of “walkable places” examine
different aspects of the BE and use diverse ways of measuring and as-
sessing them, making it difficult to grasp the relative importance of
different characteristics. Often, studies assume what characteristics
matter (“neo-environmental determinism” (Andrews et al., 2012)), and
test them against walking behaviours, without guarantee that the set of
characteristics is comprehensive and non-redundant. This practice is
problematic 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,
often high-level measures used as proxies (e.g. residential 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 and speeds (Appleyard & Lintell, 1972; Jacobs,
1961); active facades, right level of enclosure and presence of other
people walking (Gehl, 2010, 2011; Jacobs, 1961)). Findings from pre-
vious studies have often been inconclusive or inconsistent. An ex-
planation could be that the approaches used are not methodologically
sound (for instance, considering interchangeably objective and per-
ceived aspects of BE, or considering some characteristics such as “lit-
tering” but leaving aside aspects that could counter-balance them, such
as the presence of an active night life). Another difficulty is the com-
paring of results relating to diverse BE characteristics in diverse ways 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 environ-
ment and walking behaviour are still not clear. Severance (i.e. inability
to participate due to difficulties of access) is even less understood, be-
cause of a lack of evidence and of the difficulty of capturing trips that
could have been walked but were not. The inability to provide clear
outputs regarding walkability represents a key issue if research is to

Pleasure

Comfort

\

. facades’ transparency, “eyes on the street”
. street furniture and “clutter”
. use of the space by other people, (in)civilities

Walking behaviour

/

Safety
Accessibility

Feasibility

Social and cultural factors

Legend:
Posited decision pathway (Alfonzo 05, Mehta 08,

Neighbourhood self—selegn‘on, preferences

Impairments or level of f.hncﬁoning
'

Trip purpose

Alternatives: availability and quality

Buckley et al 2016) X ' Motivation o
Cofounding pathways (authors above and present review) Self-efficacy [ o
m— Associations and cofounding effects discussed in the ! facccaccccccncccnccacccnncannnnncnncnannannans at
tecmececaccecceccncccncacacanccacacacacaccccacanananan -

present review that inform directly the model

= = = Associations and cofounding effects discussed in the
present review with pathways bypassing perceptions -
proxy effects, to be developed

Fig. 3. . Draft “Social Model of Walkability”, developed from the works of Alfonzo (2005), Mehta (2008), Buckley and colleagues (2016).
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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 associations between BE
quality and walking and broader outcomes such as health and partici-
pation, strengthen the case for better understanding how the walking
environment can support or deter walking as a behaviour and choice.

The main strength of this paper is that it presents an overview of the
understanding and conceptualisation of walkability, basing on a sys-
tematic review of reviews and bridging across various disciplines. A
robust stocktake on this question is particularly important now, given
the importance of urban retrofit supportive of walking as a mode of
transport and further public health, liveability and lower environmental
impacts.

This paper has also limitations. Firstly, as per nature of the umbrella
review, it relies on the pre-existence of narrower component reviews
(Grant & Booth, 2009). However, this aspect can also bring an inter-
esting insight regarding needs for targeted component reviews. Second,
the 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 component reviews, echoing
recommendations for an improved practice such as outlined by Gebel
and colleagues (Gebel et al., 2015).

The present investigation pointed towards the urgent need of a
systemic approach to walking, as suggested in the socio-ecological
model. The roles of built environment, social context, individual char-
acteristics, motivations and needs should therefore be considered to-
gether in relation to walking behaviours. For that, the theoretical model
outlined by Alfonzo, Mehta, Buckley and colleagues appears as a sound
platform to be informed through findings and further developed. The
model has been informed through the identified evidence and named
Social Model of Walkability. However, an overall lack of established
causal relationships is noted. Understanding users’ needs and expecta-
tions will be a core element of investigation, and participatory methods
are recommended as a way forward, as previously recommended by
Andrews and colleagues, amongst others (Andrews et al., 2012). This
approach would reflect practices that have been developed and em-
ployed by the consumer market with great success, in the last decades
(Sen & Kenyon, 2012; Stradling et al., 2007).
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walking levels.
Data from Auckland Transport's Active Modes online survey (AT survey, N = 4,114) cap-
tured environmental perceptions and travel behaviour. Machine learning (gradient boost-

\}f\zgggds: ing) was used to predict walking levels from perceptual data and individual characteristics
Barriers and determine the relative importance of each variable. Strong predictors of walking
Perceptions included the use of public transport, walking perceived as saving money and avoiding
Car-dominated environment parking hassle, age group, and overall satisfaction with walking. Surprisingly, the impor-
Motivations tance of expected dimensions such as perceived availability of destinations or internal
Walkability motivations was null in the general model.

Active travel These ndings suggest a more holistic view of walking behaviour is needed, one that

moves beyond the pure availability of destinations.
2021 Elsevier Ltd. All rights reserved.

1. Introduction

In response to major threats such as climate change, exclusion, or sedentary lifestyle-related illnesses, cities are increas-
ingly focused on liveability, health, or equality of access ( C40 Cities, 2018; Glazener & Khreis, 2019; UN-HABITAT, 2014,
2016; World Health Organization, n.d. ). Everyday walking is gaining traction globally as a policy goal (Auckland Council,
2018b; Giles-Corti, 2017; Lowe et al., 2015 ; UN Desa, 2016; UN-HABITAT, 2014, 2016), given its contributions to equity
of access (Burdett, 2018; Gibson et al., 2012; NZIER, 2014; Rose, Witten, & McCreanor, 2009 ), participation ( Bigonnesse
et al., 2018; Eisenberg, Vanderbom, & Vasudevan, 2017; Fomiatti, Moir, Richmond, & Millsteed, 2014; Hoenig, Landerman,
Shipp, & George, 2003; Mindell, 2017 ), physical activity ( Alidoust & Bosman, 2015; Annear et al., 2014; Badland, 2007,
Eisenberg et al., 2017; Haselwandter et al., 2015; Webber, Ripat, Pachu, & Strachan, 2019 ), urban economic ef ciency
(Davis & Golly, 2017; McCann, 2009 ), and lower greenhouse gas emissions ( C40 Cities, 2018; United Nations, 2015 ). The
potential of retro t and better urban design for encouraging and enabling walking are now well understood ( Gehl, 2010;
Gunn et al., 2017; Macmillan et al., 2020; Speck, 2012 ). The question authorities around the world battle with is how to
improve urban environments to make the biggest difference, bearing in mind pragmatics such as economic and time con-
straints ( Burdett, 2018; The Landscape Architecture Foundation (LAF), 2016; UN-HABITAT, 2016 ).
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Walkability research has made important progress in understanding walking behaviour and barriers to walking. It is now
widely accepted that walking is simultaneously in uenced by the urban environment (UE) — encompassing buildings, green-
ery, and traf ¢, but also by individual, organisational or community factors (socio-ecological framework) ( Alfonzo, 2005;
Forsyth, 2015; Sallis et al., 2016; Sallis, 2009 ). There is, however, no consensus on the relative importance of diverse UE char-
acteristics on walking ( Alfonzo, 2005; Badland, 2007; Forsyth, 2015; Franckx, 2017; Kerr et al., 2016; McCormack & Shiell,
2011). Promising theoretical developments have been made and some testing has been done ( Alfonzo, 2005; Buckley, Stangl,
& Guinn, 2016; Mehta, 2008 ). While it is unclear if a unique and robust model for understanding walking behaviour exists, it
is important to also understand whatis  not walkable and might shift people to use another mode or avoid trips within walk-
ing distance ( Alfonzo, 2005; Buckley et al., 2016; Forsyth, 2015 ).

A recent systematic umbrella review examined the development of the conceptual framework linking the built environ-
ment and walking behaviours ( Bozovic, Hinckson, & Smith, 2020 ). Brie y, the Social Model of Walkability posits that the
relationship between the UE and an individual’'s walking behaviour is moderated conjointly by (1) people’s perceptions of
their environment (namely their perceptions of the satisfaction of their walking needs: how feasible, accessible, safe, com-
fortable or pleasant a trip is); (2) individual characteristics (e.g. disability !, constraints, preferences or available alternatives);
(3) trip purpose, and (4) internal motivations. The review concluded that little attention has been given to environmental per-
ceptions in both research and in the modernist approaches to urban design and transport planning.

This study builds on the ndings of the realised umbrella review ( Bozovic et al., 2020), exploring the associations between
perceptions, individual characteristics and walking behaviour. This exploration considers Tamaki Makaurau-Auckland,
Aotearoa-New Zealand, a city of 1.66 million residents (2018) (  Auckland Council, 2018a ). Auckland’s transport infrastructure
and low density are comparable to those of other car-oriented cities (  Nunns, 2014).

Auckland Transport is the agency charged with urban transport planning and operations. Data from Auckland Transport's
Active Modes online survey (AT survey) were used. The AT survey aims to understand behaviours, attitudes and perceptions
of different modes of travel, overtime (  TRA, 2017), capturing perceptions of the walking environments, as well as a vast array
of possible motivators and deterrents, and travel behaviour.

The aim of this study is to compare the importance of (1) perceptions of the walking environments and namely those
perceptions relative to the satisfaction of the walking needs; (2) public transport use; and (3) individual characteristics in
the prediction of walking levels. The individual variables used as inputs all relate conceptually to walking, however the nov-
elty of the present approach is to consider them simultaneously against the walking behaviour. The assumption is that all
three aspects play a role in predicting walking levels, the focus being on their relative importance.

2. Methodology
2.1. Setting and data

Auckland’s development has had a strong focus on traf c infrastructure and urban sprawl (Auckland Council, 2018b ; Gehl
Architects, 2010 ). Jan Gehl saw a fantastic location and natural environments but described the city as “a rush hour 'traf c
machine™, referring to a car-centric design (Gehl Architects, 2010 ). The car-centric design contributes to the high rates of
pedestrian deaths and serious injuries ( Howard, 2018 ), social isolation ( Rose et al., 2009), reduced affordability for the
end users of transport systems and the communities (  Mattingly & Morrissey, 2014 ; B. McCann et al., 2000), loss of economic
productivity ( Davis & Golly, 2017; McCann, 2009 ), dif culties of access and low walking levels (Auckland Council, 1999,
2018b; Auckland Council Strategic Advice Unit, 2018 ). Adults walk about 450 m (6 min) on average per day for transport
(Ministry of Transport, 2017 ) and 17% of trip legs are done on foot ( NZ Ministry of Transport, 2015 ), versus for instance
25-28% of all trips for the cities of London ( Mayor of London & Transport for London, 2019 ), Vancouver (City of
Vancouver, 2017) or Vienna ( City of Vienna, 2015 ). Walking is often perceived as complicated or stressful (  Ministry of
Transport, Transport Knowledge Hub, n.d.; TRA, 2016 ). For non-disabled people, identi ed deterrents include environments
that people perceive as unpleasant (e.g. car-dominated environments) ( Bean, Kearns, & Collins, 2008; Gehl Architects, 2010 ),
or dangerous regarding traf ¢ and crime (Auckland Council, 2016b; Bean et al., 2008; Houghton, Nettleship, & Johnstone,
2017; Ministry of Transport & Auckland Council, 2018 ). For the disabled people, evidence indicates acute barriers to access
(Auckland Disability Research Group, 2009 ), similarly to the situation across New Zealand ( Brennan, 2016; Human Rights
Commission, 2005; NZ Transport Agency, 2018 ).

The systemic issues experienced in Auckland are similar to those experienced in other post-industrialised cities ( Fry,
2017; Gehl, 2011; Jacobs, 1961; Miller et al., 1966; The Landscape Architecture Foundation (LAF), 2016 ). However, potentials
exist, as a quarter of car trips are shorter than 1 km ( Ministry of Transport, 2017 ), and walking is perceived as an important
activity ( Bean et al., 2008). Like many other cities in the global North, Auckland aspires to safer streets and a shift in people’s
preferences towards walking and public transport (Auckland Council, 1999, 2016a, 2018b; Healthy Auckland Together, 2017;
Ministry of Transport & Auckland Council, 2018 ). Auckland therefore constitutes an interesting environment for studying
how to improve conditions for walking in car-dominated environments.

1 For the ease of reading, the notion of “walking” further fully encompasses wheelchair use, crutches and other mobility devices.
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The Auckland Transport's Active Modes online survey (AT survey) survey is conducted on an annual basis. The complete
survey methods are provided elsewhere (  TRA, 2018). Briey, 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) were examined. The authorisation to analyse
the data was received from Auckland Transport, provided aggregate results were presented. Table 1 shows the characteris-
tics of the dataset relative to the total Auckland population.

2.2. Survey questions

The 2018 survey included 28 questions on cycling and 16 on walking. Questions of speci ¢ interest for this study include:
(1) walking behaviour — number of trips for transport in the previous week, walked or done by other modes, by purpose; (2)
attitudes to walking and overall satisfaction; (3) perceptions of the walking environment: perceived safety and agreement/
disagreement with 14 possible deterrents to walking; (4) internal motivations for walking (potential motivations presented
with options to agree or disagree); as well as individual characteristics. A subsample of survey questions is presented in
Table 2. The ten survey questions that were examined in relation to the points above are presented in Supplementary le
A, and a few examples are presented below for illustration.

Most variables were dichotomous (yes/no), while for some, participants were asked to give a rating between 0 and 10 (for
instance, for the question B14, about the perceived safety, O corresponds to “Not at all safe” and 10 to “Extremely safe”). The
ten considered survey questions correspond to a total of 41 variables: for instance, the question Q10, “From the list below,
what are the key reasons you choose to walk? Please select all that apply”, offers 14 possible items, responded yes or no. Each
item is considered as one variable. Two limitations should be noted: (1) “walking” doesn’t include using a wheelchair; and
(2) respondents with “any disability or impairment (affecting their ability to walk)” or those who don’t walk at least monthly
were not asked about walking/wheeling behaviour and barriers.

2.3. Data preparation and analysis

Prior to analysis, participants were excluded if they reported dif culties walking or declared walking ‘never’ or ‘almost
never’, as these individuals were not asked questions about their perceptions of the environment or their motivations. An
upper threshold of 30 trips walked was set, excluding 2.9% of observations (103 observations) which were likely data entry
errors (for instance, one participant noted 486 trips walked in a week). Next, walking was dichotomised into “low” and
“high” levels of walking by rst splitting the data into tertiles and retaining the rst and third tertiles. The rst tertile cor-
responds to O trips walked in the previous week (n = 1343, 39% of the sample), while the third tertile corresponds to ve or
more walking trips in the previous week (n = 1223, 35%). This split was chosen to maximise the heterogeneity between
groups: those who didn’t walk, and those who walk on most days of the week. This meant that 3,456 of the initial 4,114
participants were included in the analysis.

First, pairwise associations among perceptions, motivations, individual characteristics, and walking behaviour were
examined using a series of Chi-squared tests. All 41 candidate variables were examined after having been dichotomised
(variables measured on a 1-10 Likert were dichotomised as either “poor” (below 4/10) or “high” (above 6/10). The middle
values (4-6) were excluded to highlight differences between lower or higher characteristics.

Secondly, machine learning was used to predict “low” or “high” walking behaviour from the variables related to percep-
tions, motivations, and individual characteristics. Machine learning is seen as a promising tool to address the inherent com-
plexity of walking, related namely to a multiplicity of dimensions and variables having associations with each other ( Farrahi
et al., 2020), but also to the uncertainty around their relative importance ( Buckley et al., 2016; Forsyth, 2015 ).

Table 1
Overview of the survey population vs. total Auckland population.
Data category N N% Total Auckland population
Participants (aged > 14 years) 4,114 1.26 m 2P
... with dif culties walking 398 9.7 13% ( Statistics New Zealand, 2014 )°
... aged > 18 years 3,996 97.1 959%™
... aged > 65 years 317 13 15%*
Number of trips made © 92,071
... walked 23,814 26
... driven 52,616 57

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

b 0.33% of Auckland’s 2018 population aged 15+.

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

4 Auckland: proportion relative to the population aged above 15, for comparability with the survey data.

€ 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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Table 2
Subsample of survey questions, for illustration (see supplementary le A for the full list).

Code Question Possible answers

S7_1 Do you have any disability or impairment that affects your ability to walk? y/n

Q10 From the list below, what are the key reasons you choose to walk? Please select all that apply y/n for each possible motivator
There’s no other way to get where | need to go

Keeps me t/ helps me get tter

It's fun

Saves money

Saves time

More consistent travel time

Avoids parking hassles

Availability of paths / walking routes

Helps reduce traf ¢ congestion

Helps address environmental concerns

Provides me with some ‘me time’

Allows me to enjoy the weather

Better routes are available than previously

Other (please specify)

B8 Which of the following statements best describes you when it comes to walking, Please select one only
and the amount of walking you do? | only walk if I have to

I would like to walk less

| am happy with the amount of walking | do

I would like to walk more

R R0 R0 RO R0 R R0 R0 R RO R R R0 Ro

From the 41 variables identi ed as conceptually related to our question, a subset of 33 were chosen to (1) avoid redun-
dancy 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), and (2) omit variables that had large numbers of missing values
(e.g. question asked in only one edition of the survey). A gradient-boosting 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
accuracy (Friedman, 2001 ). These characteristics set GBM apart from traditional methods such as logistic regression, gener-
ally incompatible 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 t sequentially, each one
improving accuracy by explaining the error resulting from the previous tree ( Friedman, 2001).

Prior to training the model, the observations were randomly assigned to a training set (80% of the data) for model devel-
opment and a test set (20% of the data) for model evaluation. Using the training set, the optimal model hyperparameters
were identi ed. Firstly, several tree depths (1 to 5) were evaluated using the area under the receiver operating characteristic
curve (AUC) metric. A depth of 2 was selected as it maximised the AUC (0.80). To avoid over tting the model, the number of
iterations (i.e. the number of trees) was dictated by a stopping criterion, found using 20-fold cross-validation ( Friedman,
2001; Singh, 2018). This method automatically selects the in ection 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 using the model to 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 error every time a given variable is included in a tree ( Friedman, 2001), and
is represented on a 0—100% scale, with all variables summing to 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 variables. As the importance of all vari-
ables adds to 100, their relative in uence can be established. Given the predominant observed importance of the use of pub-
lic transport, the modelling process was then strati ed by public transport use, with separate models trained for users
(n =822) and non-users (n = 1,744) of public transport. As a last step, we t two further models strati ed by the availability
of alternative travel modes (i.e. those who answered “Yes” and “No” to the question “l walk because there is no other way for
me to get around”). All analyses were performed using the R software (R Core Team, 2019) and the gbm package was used to
tthe GBM models ( Greenwell, 2019 ). To aid reproducibility, the analysis code is provided in the supplementary le B, while
the results of the tree depth optimisation for all ve models (all participants, users and non-users of public transport, avail-
ability and non-availability of walking alternatives) are presented in supplementary le C.

3. Results
3.1. Pairwise associations

Multiple pairwise associations were noted between perceptions, motivations, individual characteristics, and walking
behaviour. Each of the 41 variables were signi cantly associated with 12—33 other variables. Walking levels and safety at
night as a barrier were both associated with 33 other variables. The chi-squared test results are presented in the Table 3
below.
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