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ABSTRACT

Cycling for transport provides health and other benefits to participating individuals, wider
society and the environment. In a European context, where the uptake of cycling is very varied,
this thesis explores how built and social environment factors affect people’s cycling behaviour.
Using survey data from the European project Physical Activity through Sustainable Transport
Approaches (PASTA), 7,684 participants from seven European cities were assigned to three
behavioural stages of change based on the Transtheoretical Model and specifically defined for
cycling for transport (Pre-contemplation = “Not thinking about cycling”, Contemplation-
Preparation = “Thinking about cycling” and Action-Maintenance = “Cycling”). A statistical model
estimated the associations of built and social environment with the stages of change, controlling

for socioeconomic status and city.

Elements in both the built and social environment have strong associations with the cycling
stages of change. For built environment variables, effect sizes are greatest for comfort and for the
perceptions of cycling facilities (cycle parking and changing facilities). For social environment
variables, social support is the most important effect, and particularly for those not thinking about
cycling. The model fits the data well and sensitivity analyses confirm the selection of variables

and the generality of the findings across cities.

Policy recommendations are tailored to different groups: those who do not even think about
cycling need to internalise the message that cycling can be safe and comfortable. For those
considering cycling, comfort is important, but having access to parking and changing facilities
would also help. Providing opportunities for both of these non-cycling groups to exchange views
on cycling with people close to them who are already cycling will help them act. Policies should
focus on making cycling for transport accessible for everyone by tailoring interventions targeting

these different behavioural change groups.



DEDICATION

To my family.

In memory of my beloved grandmother Magdalena Garcia Bermejo,
who died of Covid-19 in April 2020:

You rest in peace; we rest in your love.

The curves of the land were familiar somehow.
Yes: the ground was becoming level, as it should, and now, of course,
it was beginning to rise again.
A great green shadow came between him and the sun.
Niggle looked up, and fell off his bicycle.
Before him stood the Tree, his Tree, finished.

“Leaf by Niggle” (Tolkien, ].R.R,, 1945)



ACKNOWLEDGEMENTS

It is very hard to summarize all the people and institutions that have been part of this trip and
who [ should acknowledge righteously, this is just the tip of the iceberg - it takes a village to raise

a PhD.

[ am very grateful to my supervisors Audrey de Nazelle and Tilly Collins for offering me this
opportunity and for staying with me through the shadows and lights that came with it. My

heartfelt thanks for being there for me and for believing in me.

Many thanks to the Centre for Environmental Policy staff and services who have supported me,
especially to Susan Hodgson for her comments and feedback as my internal assessor, the

administration office, the PhD representatives and the Athena Swan committee.

The supporting services of Imperial College London, especially Hogetsu Baerndal and Andrew
Willson at the Chaplaincy and Multi-Faith Centre. Hogetsu connected me with Zenways and both
influences have been life-changing for me. Thanks also to the Counselling service, that supported
me when [ needed it the most. The Graduate School (I'm your #1 fan!) and Tara Brabazon, Dean

of Graduate Research at Flinders University (your Vlogs have been helpful beyond words).

Thanks to Tilly Collins, Alex Collins at CEP, Julie Hartill and Liz Chiu at the Centre for Academic
English, Paul Seldon at the Graduate School and Andrew Willson in the Chaplaincy Multi-Faith

Centre for trusting me, | feel honoured to have worked with all of you.

[ greatly appreciate the two internships in ISGlobal (former CREAL), especial thanks to my
supervisor Audrey and to Mark Nieuwenhuijsen for offering me these opportunities. The wise
advice from ISGlobal colleagues Albert Ambrds, GIS specialist and Sandra Marquez, statistician,

was crucial for the development of this thesis. Thanks for your generosity and patience.

Massive thanks to Jenny Douch, who listened, gave feedback, proofread the manuscript and
always cheered me up during the crucial last stages. I feel so lucky to have crossed paths with

youl!
Juan Pablo Orjuela, you're very special, thanks for being always available for me, compafiero!

I really appreciate the intellectual stimulation generously shared by many colleagues and friends:
Holly Page, our chats on human psychology were so inspiring; so many other colleagues at CEP,
it has been great to see our community growing and consolidating over these years: Dan

Hdidouan, Ros O’Driscoll, Andrea Calder6n, Emma McIntosh...; all the amazing PASTA



consortium, especially local partner of the project Julian Sanchez, I miss working with you!; the
Cycling and Society Research Group, the symposia fuelled my passion for research more than 10
years ago now; the Transport Geography Research Group of the Royal Geographical Society; and

all the students that I have taught, tutored or co-supervised. I've learned so much from all of you!

The Drs and dear friends around me: Clem Cavoli, you are a star, I'm so lucky we have coincided
in London... and in Brussels, and in Madrid!!...; Alberto Castro and Rocio Garcia de la Cruz, thank
you for your support and generosity; Karyn Chappell, marble jar friend; Cosmin Popan, thanks
mate, you're brilliant; Alistair Bogaars, my British Library mate; Ver6nica Saud, gracias por tu
apoyo, amiga; and Angela van der Kloof, my dearest conference mate, 'dat is geen kat om zonder
handschoenen aan te pakken' ;). Your support has made a huge difference. I feel so fortunate to

have you in my life.

Thanks for the generosity of my dear sister Ana and her flatmates at the time, Marta and Almu,
for hosting me in Barcelona during months while I was re-doing all my calculations, you have

been amazing, and this was absolutely crucial for me.

Thanks to my dear friends: “el consejo de sabias” Mireya Riego, Ménica Lomefia and Ona Riera
for being there for me, especially in the hard times. And to the Catalans in London, Anna Font,

Jorgina Cuixart and Monica Mayolas; it felt like a safety net.

[ am very grateful to Allison Swan and Sean Elliott (and to Missy and Bobby, the therapy cats) for
their generosity and hospitality.

[ credit part of my PhD wellbeing to the bicycles I have ridden during this time: Eudora (stolen),
Epona (sold), Nera (my sister’s bicycle that [ borrowed while in Barcelona), and Ostara “Tari”

(brought from London to Barcelona). They keep the secret of all my stress-release silly songs ;).

The Physical Activity Through Sustainable Transport Approaches (PASTA) project

(http://www.pastaproject.eu/) covered my fees and offered a stipend during 3.5 years. The
PASTA project was a 4-year project funded by the European Union’s Seventh Framework

Program under EC-GA No. 602624-2 (FP7-HEALTH-2013-INNOVATION-1).

This thesis is dedicated to my family, always supporting and encouraging me in every possible

way. | will be the first PhD in the family. [ love you, this is also yours.



In memory of Thierry Chessum, who gained his PhD in his sixties. My housemate and friend in
Tufnell Park. I really miss our conversations. [ am sorry I couldn’t finish on time for you to read

this.

This also goes to my dear friend Jing Li, who was in hospital for months, after being seriously
injured in a cycling collision in London two years ago. [ have learned so much from you, it is

admirable how it is always pure joy to be around you.

My deepest wish is that my work in cycling mobility contributes to make our cities healthier, safer

and more equitable for everyone.



STATEMENT OF AUTHORSHIP

[ confirm that the thesis | am submitting is primarily my own work.

I confirm that:

1. This work was done wholly while in candidature for a research degree at this University;

2. Where I have consulted the published work of others, this is always clearly attributed;

3. Where | have quoted from the work of others, the source is always given. With the

exception of such quotations, this thesis is entirely my own work;

4. Where the thesis is based on work done by myself jointly with others, | have made clear

exactly what was done by others and what I have contributed myself;

5. None of this work has been published before submission.

Ester Anaya-Boig, January 2021



COPYRIGHT DECLARATION

‘The copyright of this thesis rests with the author. Unless otherwise indicated, its contents are
licensed under a Creative Commons Attribution-Non Commercial 4.0 International Licence (CC

BY-NC).

Under this licence, you may copy and redistribute the material in any medium or format. You may

also create and distribute modified versions of the work.

This is on the condition that: you credit the author and do not use it, or any derivative works, for

a commercial purpose.

When reusing or sharing this work, ensure you make the licence terms clear to others by naming
the licence and linking to the licence text. Where a work has been adapted, you should indicate

that the work has been changed and describe those changes.

Please seek permission from the copyright holder for uses of this work that are not included in

this licence or permitted under UK Copyright Law.’



TABLE OF CONTENTS

21 £ 1 o SR 1
[0 7T ol 1 o] 2
VYol (0 Lo 107 =0 [0 1T 1 L= 1 R 3
Statement Of QUENOISRIP ..........ccvvveeueeeiiiiiiireeiiiiiiiiiriiiisiiiirisniiisssssessassisssssssssssssssssssssssssssnns 6
Copyright DeclaQration...................eceveeeeeeeniiiiiiiesnnsiisnnnnsnessesssssmsssssssssssssssssssssssssssssssssssssnns 7
TADIE Of CONEENES .......eevvivvveereiiriiiiiiiiiiiirinniicisiniissnsiiisnssssssssssssssssssssssssssssssssssssssssssssssssnss 8
LiSt Of fIQUIS ccvuueeeeeiriverenniiiiinieninissiiinsnusisssrissssssssssssssssmsssssssssssssssssssssssnssssssssssssssssssssssns 13
LT e (o T < L= N 15
0 Glossary and abbreviQtions.................coeveeeeeueiiisiinenneniisssninsmnsssssnsssssnsisssssssssssssssseens 17
S 111 To [ 7o 1 1o Y TN 19
1.1 Background: the PASTA Project......cccccccviiriiiiiniiniennnniiiiniiiieenmmssiiiimiessssssiisesssssssss 20
1.2 Study area: the seven Case-Study Cities .........ccveeuueiiiiiiniiiienneniiiiiniiiieesmesss 22
1.2.1 POPUIGLION ...ttt e e et e e e et e e e e e abe e e e tbeeeeetbeeeeensaeeeeeabaeeeetbeaeeannes 23

1.2.2 Transport Provision and POLICIES.......eivviieiieiiiiere ettt see e sre e sbe e sbeeereas 23

1.2.3 B0 o To T e (=T s 4 =1 o Vo I PSSR 24

1.2.4 0o F=To IEY- Y 1= A OSSO 25

1.3 Research aims and ObjJECtiVeS ......ccciiiiiiuuiiiiiiiiiiiiieresssessss s s sssasssses 27
131 N[0 BTSSP O PP TPUPPPTUUPPIOY 27

1.3.2 (0] o =T ot 41V YU PUSROUSPRUSNE 27

2 Lit@ratUre FEVICW ........ccevuererrvseinnrnesisnesusisnssesisssssssssssssissssssssssssssssssssssssssssssssssssssssssens 28
2.1 Behavioural theories.......cccvuuuiiiiiiiiiiiiiiiiiiiiniinessnnrsesssessss s sssssssssssssssssssssssssas 28
2.1.1 The Theory of Planned BENAVIOUT ........c.eiccieiiiiiicie ittt ettt sbaeeneas 28
200 O St R 1 V=Y T Y ot | I o 1 L USSP 29

2.1.1.2  TPB and cycling-related literature.. ... iieeeiie et s 30

2.1.1.3  Limitations and adjustments t0 TPB .......cccceieiieiiieeiee et e et e e sba e 31

2.1.2 The Social ECOlOGICAl MOUEL.........oiiiiiiiieciie et et reas 32

2 A R 1 =Y o T Tt | I o 1 LU 32

2.1.2.2  SEM and cycling-related terature........ccciieeecii et 34



213 The Transtheoretical Model of Behaviour Change ........cccvcveeecieeiiiieciie et 35

2.1.3. 1 TheOoretiCal DASIS ..cc.eeuieiieiieiteeet ettt sttt ettt et ettt st s 36
2.1.3.2  TTM and cycling-related litErature .........ccoceeeiie e e s aa e 40

2.2 Factors associated with cycling for transport.........ccccccciiiiiiieiiiiiiiiinniie. 44
2.2.1 SOCIO-dEMOGIrapPhiC FACLONS .vviiiiiiiieccie et e e ae e ebaeenaae s 44
2.2.2 BUilt environmMent and CYCIING ......oovieeiiie et e e re e s bae e 45
2.2.2.1  Objective BUilt ENVIFONMENT ....ccciiiiiiieieeiieeciee e ees et esre et e e s sbeesbe e sbaeenaeas 46
2.2.2.2  Perceived BuUilt ENVIFONMENT ......oiiuiiiiiiiiieeit ettt sttt st s st s 47
2.2.3 Social environmMeNnt and CYCIING .....viecuiiiiiieiiie et e sae e esbaeenaae s 51
2.2.3.1  SOCIAI NOIIMS ..ottt ettt ettt et et e st e s aeesheesheesbeesbeesbeeabeeabesabesaeesatesaeenne 51
2.2.3.2  SOCIAI SUPPOIT ...ttt ettt e e ettt e e ettt e e e et aeeeeeabaeeeeaaaeeaeesbeeeeesaeeeeassaeeeesreaeaannns 55

2.3 Conclusions from the literature review ..........ccccceeveiiiiiiiiiiiiiiiiiisisiscnaes 56
3 Materials and MEthodSs..............cceeeeeeeeeeeeeeuuueeiiiiiiiiiiiiiiiinnererieerrreereeeessssesssssas 58
3.1 PASTA Project study deSi8N.......ccceeiiiiiimuuniniiiiiiiiiemmniiiiiiiieemmssiiiesmsmiisessssssss 59
3.1.1 SUIVEY GESIBN c.vviitiieitieeeieesteeetee e rtte et e e st e e stte e sbeesabee s baesabee e saeessteesaseesateesnseesnteeeseesseeansenans 59
3.1.2 RECIUITMENT SErAtOEY ...eeeiiiiiii ittt e e e e e st e e e e e e s anaeeeeeeens 60
3.13 oot TSR 61
3.2 Conceptual frameWork .......ccccciiiiiiiiiiiniiiiiiiiirss s ssssaaessaas 62
3.2.1 The PASTA framEWOIK ....coeeiiiiieeeeeeeee ettt et et sttt e b e b e sbe e e 62
3.2.2 Selected factors from the PASTA framework........cc.uoiieieenieniiiieieeieeete e 64
323 Diagnosis of the Stages of Change ......cccviiieiiiiiiiiecec e 65
3.2.3.1  The 3-Level Stages Of ChaNZe ...ccuii ittt e s e e e e 66
3.2.3.2  The definition of cyclists and NON-CYCIISTS.......ceiiiuiiiiiiiiiecie e e s 68
3.2.3.3  Intention to cycle iN the FULUME .....cocuviiiee e e s 70
3.2.3.4  ACCESS 10 @ DICYCIE. ...ttt ettt et st st 70
3.2.3.5 Increasing the levels of cycling over the previous 12 months .........ccecceeviierieeicieescee e, 71
3.2.3.6  Cycling is done automMatiCally......cceiiiiriiiiiiieiie e s s 71

33 Modelling the correlates of the Stages of Change of cycling for transport ...................... 72
331 Multinomial logistic regression MOdelling ..........cocuerierieriiiiiiieeeee e 73
3.3.1.1  Selection criteria for the chosen Model...........ccooiieiiiiiiiii e 74
3.3.1.2  Components of the maximal MOdel...........coooiiiiiiiiii e e 75
3.3.1.3  INterpretation Of rESUIS......cciii i st e s be e sbae e 78
3.3.2 The explanatory Variables ...t st sbe e e 80
3.3.2.1  Socio-economic Status Variables.........cooeiiiiiiiiiriiieieeie et 80
3.3.2.2 L6114 PP PPPT PP 80



3.3.2.3  Objective measures of the built enNViroNmMeNnt ........cccvviviiiiiiiie e 80

3.3.2.4  Perception of the built ENVIFONMENT ......cooiiiiiiiiiec e e s 83
3.3.2.5  S0OCIal ENVIFONMENT ..ciiiiiiieiiieiee ettt sttt st e sbe e bt et e e beebe st e satesaeesaeeae 88
333 MOdEiNG FIOWCNAI ... .eiieieciie et e e st eebe e sbaeenreas 91
3.3.4 Preliminary tests for the selection of variables ..........ccoceiiiiiiiiiiicc e, 92
3.3.4.1  Variable selection/appropriateNess.........cccvecuieciieiieeireeiiesteseeseeseesteesteeteesteesteesesaesanesanenns 92
3.304.2  COMTEIATION .ttt ettt ettt ettt et st st she e she e she e bt et e be e beeabestesatesaeene 92
3.35 MOEI SEIECLION ...ttt sttt sae et et ebe et e e abesabesabesaeesaeeae 93
3.3.5.1  Multinomial Model COMPATISONS ......ueiviiiiiieiieeiiteeeteeeree et sre et e e sre e e sbe e sbeesbeesbaeenseas 94
TR = T A 0] | 1 =T oY SRR 94
3353 Influence analysis: univariate MOdEIS.........cccuiiiiiiiiiiciie e e 95
3.3.5.4 Influence analysis: variable combinations within roups .........ccceeuverieeiiieniee e e, 95
3.3.6 Influence analysis: Variable SroUPS .....cccuiiiiiiiiie i s s 95
3.3.7 SENSITIVITY ANAIYSES ..vveeeiie ittt e e et e s e e et e e s ae e s beesbeesabeeeseeeseeanseeens 96
75 207 2% AR 0 4 o] | 1T = {o T ol [ Tolo T V=IO U 96
3.3.7.2  Bikeability proxy validation for LONAON .........ccceiviieriiiiiiiecie ettt s 96
3.3.8 City as a moderator: stratification DY City ......ccvuvevieiiiierii e 96
3.38.1 Heterogeneity asS@SSMENT . ... ... e ittt e e e e e e e r e e e e e e e s e anreeeeeeeens 97
3.3.9 Goodness of fit Of the MOdels..........cooiiiiiii e 98
RESUILS .cceeeeeeciiiiirreniiiiniiiriniiisninssnnisiisssssssassssssssssssssssssssssssssssssssssnsssssssssssssssssssssssnns 99
4.1 Characteristics of the study population.........ccceeveciiiiiiiiiiiininiiiineseee. 99
4.1.1 Description of the general SAMPIE .....ccoiii i e s 99
4111 PASTA SUIVEY POPUIALION .eeiiiiiiiie ettt ettt ettt e et ste e e be e sbaesbee e sbaeesbaeesaseesseeesaseenane 100
4.1.1.2  Population with assigned cycling behaviour status ..........ccceeveeeiiienieeniiencee e, 100
4.1.2 Description of the study POPUIALION ...cc..ieiieiiiieciiecee e e sae e 101
4.1.2.1  Population by Stages of Change........ccccveiiiiiiieiiieciee ettt e s baeeaeas 101
2 A o Yo YU = d T o T o3V ol 1 Y AU 104
4.2 Correlates of the Stages of Change towards cycling for transport.......ccccccccceiiniirnennnnnnn. 109
4.2.1 PreliMINArY TESTS 1oiiuieiiieeiee ettt ettt et e s te e st e e e be e et e e e beeesbaeebaeesabeenaeeesaeenaee 109
4211 Variable SEIECTION. ......iiii ettt st st 109
4.2.1.2  Correlation between variables...........oiio i 110
4.2.2 MOEI SEIECLION ...ttt ettt ettt ea e sa e s bt e s bt e sbeenbeebeeabeeneens 112
4.2.2.1  Multinomial Model COMPATISONS .....cccuviiiieiiiie ettt sbe e s e e sbaeeaeas 112
By A 00|11 1T T o A OSSP 112
4.2.2.3  Predictors for each of the variables in the Minimal Adequate model........c.ccccceeeeveerveenneen. 113
4.2.2.4 Influence analysis of the excluded variable: univariate models ...........cccccoueiieiiieeeciiieeennns 115

4.2.2.5 Influence analysis of the excluded variable: Variable group components’ combinations...116

10



423 Influence analysis: Variable SroUPS ......cuii ittt sae e 116

4.2.4 SENSILIVITY @NAIYSIS 1eevviieiieiiie ettt et e e e e e sbe e e sta e e s bteesaaeesabeesabeesteasarens 117
4.2.4.1  Controlling fOr INCOME c..uviiiiiieiie ettt sttt e e ae e te e s ae e s beesabeesabaeenseas 117

4242 Bikeability proxy validation fOr LONAON ........cccuieiiiiiiieiiieiiie et esae e s sve e sve e 118

4.2.5 City as a moderator: Stratification by City.....ccccouveviiiiiiii 120
4251 Heterogeneity asS@SSMENT .. ... .. e i ittt e e e e e e e e e e e e e s e nreeeeeeeeas 124

4.2.6 GOOANESS OF Fil ..ttt et et st st sat e b e sbe e beeeas 131

R 0 Yol 7 K. o o N 132
5.1 Study summary and principal findings........ccoiiiieruriiiiiiiiiiiennniiisseee. 132
5.2 Interpretation Of resuUlts......cccccceiiiiiiiiiiiiiiiiiir e s s s s s s s s ssaaesss 133
5.2.1 Built environment and social environment groups of variables ........ccccoocveevciieniieencieesiiennane 133
5.2.2 Measures of Objective BUilt ENVIFONMENT .....cuiiiiiiiiieeiie et esire s sve e sae e 134
5.2.3 Cycling facilities: Inadequate Cycle Parking and Lack of changing facilities...........ccceeeueen. 135
5.2.4 Perception of traffic SAfety ..o e 136
5.2.5 Perception Of CriMe SAfEtY ....cuiicii e e ae e sae e 137
5.2.6 (60e] 101 o] o U OO SO O PO OUPIPPURR 138
5.2.7 SOCIAI INOINS <ttt ettt et ettt ea e ea e e s atesaeesheesbeebe e beeabeeabesabesabesaeesaeenne 139
5.2.8 SOCIAL SUPPOIT ottt ettt e ettt e e ettt e e e e bt e e e eeabaeeeebbeeeeeabaeeeessaeeeesbseaeanssaeeeannnens 141
5.2.9 TTIM CONSEIUCES QN0 PrOCESSES ..vvieereeririeeieeeiieeiteeesiteesiteessteesaeesbeessessnsaeesseeesssesssseessseesans 142

5.3 Strengths and limitations .........ccoiiiiiiiiciiiiiiiiiin s s saaaees 145
5.4 Implications for research and recommendations..........cccuiieeiiiiiiiiiniinneenee. 147
5.5 Implications and suggested interventions for policy and practice.......cccccceesiiinniineennnnn. 148
5.6 FUrther reSearch ... reessassssss s s s sssassssssssssssssssassss 151

L 0o T2 Lol [ 7 [ LN 153
2] (=7 (=2 Lo =N 155
Appendix: ACAAEMIC ACLIVITIES ....c...ueevrrreveeniiiirieneenisiisiisesuiiissssissmsssisssissssssssssssssssssssssns 177
LT =T 3] 41T oL 177
LI 1313 177
PresSentatioNns......cciiiiiiiiiiiiiiiiiiiiieniiieniirrrssaese e ssssa e s s s s s s s as et s s e s st s e sassasssssesesssennnanens 178
LWL 0] Lot 4T o 13 179
JLIC= T 11 - 183



Editorial activities ..

AbStract and PaAPEr FEVIEWET .....ciivviuuuiiiiiiiiiiiiiiuiiiiiiiiieesanisiiiisiiieessssssiisstimsesssssssssssssssssssssss

Academic networks

12



LIST OF FIGURES

Figure 1. Modal split of the case study cities. Source: ibid. Table 2 .........ccoceoiiiiiriiniiie e 24
Figure 2. Car ownership in the case study cities. Sources: Ibid. Table 2........cccccoiiniiniiniiniiieeeee 25
Figure 3. Theory of Planned Behaviour (TPB) Model. Adapted from Ajzen (1991) .......ccceceeveeneenuennee. 30
Figure 4. Stages of Change. Based on (Prochaska and Diclemente, 1986). ........cccccvveerieneeneenieeniennnen. 37
Figure 5. Constructs and processes that influence the transitions between Stages of Change. Source:

adapted from ProChange (2019). ....cciueieieeiieeeieeeciee et esee ettt s e s e e ste e s beesbee s baesbeeessaeenseeessseessseesneennne 38
Figure 6. Sequence of research design, data collection and analyses .........cccoeceeieniieniineeneeneecieeen. 58

Figure 7. Questionnaire flow chart of the PASTA survey. Source: adapted from (Dons et al., 2015)...60
Figure 8. PASTA project framework. Source: PASTA project. Source: (Gotschi et al., 2017)................. 63
Figure 9. Selected factors from the main PASTA framework relevant to this thesis. Based on Gétschi
O QL (2007) ettt ettt h e bt e bt b e e be e bt e bt e et ea bt ea b e eateeh b e ehteeheenheenbeebeebeeabeeabens 64
Figure 10.  Participants were diagnosed to the Stages of Change based on their responses in the PASTA
2T =l [V T AT o T P11 TS S 65
Figure 11.  Simplification of the Stages of Change into three levels...........ccoceiieiiniiiiiniinieeeeee, 68
Figure 12.  Screen capture of the PASTA survey question that was used to define “Cyclists” and “Non-
LoLY ol 113 £ UUSTI 69
Figure 13.  Screen capture of the PASTA survey question that was used to define intention to cycle in
BN FULUINE. ettt ettt et e h e e b e e s bt e s bt e sbe e bt et e e abeeateeabesbtesbeesaeenbeebeenbeeatens 70
Figure 14.  Screen capture of the PASTA survey question that was used to define the access to a

o o1 SR 70
Figure 15.  Screen capture of the PASTA survey question that was used to define increasing levels of
CyCling over the 1ast 12 MONTNS. ....cviiiiieicie et s e et sae e saa e e st e e s be e e beesabeeebeeebaeenseeens 71
Figure 16.  Screen capture of the PASTA survey question that was used to define whether participants
CYCIE AUEOMATICAIIY. 1eeeeeiiiie ettt ettt e e ettt e e e et e e e eetaee e s tbeeeaesbeeeeessaeeesassaeaeesseeeannnes 71
Figure 17. Components of the Multinomial Logistic Regression maximal model for the Stages of
Change, adjusting for SES and city and including BE and SE @XPOSUIES. .......ccceeeirieriiererieenieesieesreesiaeennne 76
Figure 18.  Visualisation of the Bikeability index for 300-m buffer PASTA survey participants geo-

located residence or work/study locations, where 1 indicates the lowest level of Bikeability and 9 the

highest. Background from Goo0gle SAtellite. ........cccuiirieiiiiieiiee e st e e 83
Figure 19.  Flowchart of the modelling design.........coceiiiiiiiiiiiiiiieeet e 91
Figure 20.  Population in the Baseline Questionnaire presented by city (n=10,691). .....cccceeeevurruennen. 100

Figure 21.  Population of the Baseline Questionnaire diagnosed into the Stages of change presented by
CIEY (NT7,684). .ottt ettt st h et e e st e st e s heea e et et e sbesbeeaeentenbeseeebesatense s e besheebeententebesaeeneenean 101
Figure 22.  Flowchart of the modelling design with indications to the Sections or Tables in which each

Of the ItEMS CAN DB FOUNT. ... e e e e s e bbb e e e e e e s esabbaereeeesessnsbnnees 109



Figure 23.  Constructs and processes that influence the transitions between Stages of Change. In blue
squares the simplified three stages. Blue frames suggest the extension of the three processes that are
relevant to this study. In grey processes that have not been assessed in this study. Source: adapted from

o T8 o oY ={c A 0 ) R SRS 143

14



LIST OF TABLES

Table 1. Basic population statistics for each Case Study City. ....ccceeviveieiieiiieeie e 23
Table 2. Transport systems and services indicators collected by the PASTA project. ........ccceevvereennen. 24
Table 3. Cycling safety in the seven PASTA Case-Study Cities .......cccerierierienieniieeie e 26
Table 4. Details of the variables used in the Stages of Change diagnosis. ......c.cccecuevieiieienicnicneene. 66
Table 5. Baseline questionnaire question for the frequency of cycling and the binomial variable for

cycling as transport derived frOM Qt. ... e e et bae et e s aeesbeeereeans 69
Table 6. Details of the variables and their groupings used in the modelling...........cccccoeenernenncncne. 77
Table 7. Description of the components of the Walkability INdeX ........ccceveeiiiiiiiniiniiiieieecec e 81
Table 8. Description of the components of the Bikeability INdeX........ccoceerieiiiniiiniiniiieeeeieee 82
Table 9. Questions for Accessibility and barriers to infrastructure ..........ccooeeeeeieniinic e 85
Table 10. Questions for Perception of Safety ..o e 86
Table 11. Questions for Perception of SECUNTY/CriMEe........oouiiiieriiiieieeee e 87
Table 12. QuUESEIONS fOr Pleasure/COMIONT ......ccviiiiie ettt ettt et e etee et e tee et e eetaeeneas 88
Table 13. QUESTEIONS TOr SOCIAl NOIMIS. ..ttt ettt ettt s b beesbeebe e e 89
Table 14. QUESTEIONS FOr SOCIAl SUPPOIT.c.uiiuiiiiietiete ettt sttt ettt et eae 91
Table 15. Type of variables and their correlation methods............ccccveeeiiiiiieiii e, 92

Table 16. Rule of Thumb for Interpreting the Size of a Correlation Coefficient. Source: Hinkle,
WIEISMA & JUIS, 2003, ..oiiiiiiiiiiiiiiieieie ettt e ee ettt eeeeeee et eeeeeeeeeee e aeae e s aaa e s s s e s e s s ss s s s aa s s s e s s asessaesess e aaaasasssssnsssssnnnnen 93
Table 17. Demographic and environmental characteristics of participants (N= 7,684) by Stage of
Change in the Baseling QUESTIONNAITE ........iiiuieiie ettt sttt ettt e e b e st eebeesbeaeseaeessaeenseees 101
Table 18. Demographic and environmental characteristics of participants (N= 7684) by City in the
BaSEliNE QUESTIONNAIIE. .. .eeeiitietieteet ettt ettt ettt s a e s bt e s bt e bt et e s aeesheesbe e bt e beeabe e eabesaeesaeesbeenbeans 105
Table 19. Associations expressed as Relative Risk Ratios (RRR) for each of the variables included in the
Maximal model (Univariate models), all adjusted by socio-economic status and City........cccceeveerveennennns 110
Table 20. Correlation coefficients for all the variables of the Maximal model, plus Income. ............. 111
Table 21. Normalised General variance-inflation factor results for the collinearity assessment of the
variables included in the Minimal Adequate MOdel.......c.ccovuiieiiiiiieciie e e 113
Table 22. Associations expressed as Relative Risk Ratios (RRR) between Built and Social Environment,
and Stages of Change, adjusting for Socio-Economic Status and City in the Minimal Adequate Model
(N=6,194). ettt bt bbbttt et h e e he e eh e e bt e a bt ea b e eh e e ehe e bt e b bt e bt en b e eabeeheenbeebean 114
Table 23. Associations expressed as Relative Risk Ratios (RRR) for each of the variables included in the

Minimal Adequate model for each group of variables (BE only and SE only), all adjusted by SES and city. ...

15



Table 24. Associations expressed as Relative Risk Ratios (RRR) between Built and Social Environment
and Stages of Change, adjusting for Socio-Economic Status and City in the Minimal Adequate Model
(n=6,194) compared with the Model controlling for Income (N=4,923).....cccccevueeriiieriieiiiieiieeiie e 117
Table 25. Associations expressed as Relative Risk Ratios (RRR) in the Minimal Adequate model for
London (n=785) compared with the model using Bikeability (n=818) instead of Walkability................... 119
Table 26. Models for each of the seven cities, adjusted for Socio-Economic Status, with associations
expressed as Relative Risk Ratios between Built and Social Environment and Stages of Change, adjusting
for Socio-Economic Status in models for each of the 7 cities. ........coeeiieiiiiiiiiiee 121
Table 27. Models for each of the seven cities, adjusted for Socio-Economic Status, with associations
expressed in percent relative effect between Built and Social Environment and Stages of Change,
adjusting for SOCIO-ECONOMIC STATUS. ..viiiuiieiiiieiiie it ettt e e st e et e e st eebeesabeeenbeesabeeenssaeessaeenseen 122
Table 28. Forest plots for each variable using the RRR presented in Table 22, and adding the Summary
RRR and heterogeneity coefficients “Cochran’s Q” and “I"2” of the associations of each of the factors
with the Stages of Change, presented for the two comparison levels Pre-contemplation and
Contemplation-Preparation (Reference: Action-MaintenanCe). ......c.eeeveeeiieiiiiieciieesieeeee s eree s saee e 125
Table 29. Goodness of fit of the models (McFadden's pseudo R-squared)........c.ccveeveeiienienicnieennen. 131
Table 30. Policy implications and suggested interventions for the two Stages of Change for each

variable, depending 0N EffECt SIZE. ....iiiiiiiiicc e 149

16



0 GLOSSARY AND ABBREVIATIONS

Active Mobility Measure: An active mobility measure is an action undertaken in order to
increase the level of active mobility (in a specified population). This ranges from changing urban

infrastructure or introducing new policies to campaigns to change people’s transport behaviour.

AIC (Akaike Information Criterion): is a technique based on in-sample fit to estimate the
likelihood of a model to predict/estimate the future values. AIC provides a means for model
selection; a good model is the one that has minimum AIC among all the other models (Akaike,

1974).

AM (Active mobility): Regular physical activity undertaken as a means of transport. It includes
travel by foot, bicycle and other vehicles which require physical effort to get moving. Use of public
transport is also included in the definition as it often involves some walking or cycling to pick-up
and from drop-off points. It does not include walking, cycling or other physical activity that is

undertaken for recreation purposes.
BE (Built Environment)
BSS (Bicycle Sharing Scheme)

CSC (Case-Study Cities): the PASTA research project was developed in seven cities, which are
treated as case-studies. See section 1.2 for the relevant background characteristics for Active

Mobility in these cities.

Cycle n : “cycle” has been used instead of bicycle when appropriate, in order to highlight that a
bicycle is only one type of cycle. Diverse and inclusive cycling has shown that bicycles are not the

only cycles used for mobility.

Cycling for Transport: Cycling undertaken as a means of transport from a place to another. (Can
be dual purpose but MAIN purpose is means of transport). Travel individuals do to engage in

activities in other places—work, recreation, shopping, health services.
Cyclist (see section 3.2.3.2)

MNL (Multinomial logistic): Multinomial logistic regression is used to model nominal outcome
variables, in which the log odds of the outcomes are modelled as a linear combination of the

predictor variables (UCLA: Statistical Consulting Group, 2020).

Mobility: The PASTA project partners decided to use Mobility in Active Mobility to show

commitment to a broader concept of transport. The term mobility is defined as a contemporary
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paradigm in the social sciences that explores the movement of people, ideas and things, as well

as the broader social implications of those movements (Urry, 2007).
OBE (Observed Built Environment)

PA (Physical activity): Any bodily movement produced by skeletal muscles that results in an

increase of energy expenditure.

PASTA (Physical Activity through Sustainable Transport Approaches): European project,
funded by the funding scheme Horizon 2020. The project started in November 2013 and finished
in October 2017. The project featured an online survey the results of which have been analysed

in this thesis. Information about the project can be found in Section 1.1.
PBC (Perceived Behavioural Control)

PBE (Perceived Built Environment)

RRR (Relative Risk Ratio)

SE (Social Environment)

SES (Socio-Economic Status)

SoC (Stages of Change): The use of capital letters in this phrase indicates that its meaning comes
from a specific framework (the Transtheoretical Model of Behaviour Change) found in the

literature.
TPB (Theory of Planned Behaviour)
TRA (Theory of Reasoned Action)

TTM (Transtheoretical Model of Behaviour Change)
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1 INTRODUCTION

Cycling for transport is a form of mobility that can contribute to making our planet a healthier
place. It has been proven that cycling for transport can increase the levels of physical activity (PA)
(Foley et al, 2015; Goodman, Sahlqvist & Ogilvie, 2014; Sahlqvist et al., 2013), and the benefits
are remarkable for human health (Humphreys, Goodman & Ogilvie, 2013). Cycling for transport
is well suited to provide the levels of PA that the World Health Organisation recommends for
adults, at least 150 minutes per week (de Nazelle et al, 2011; World Health Organization, 2020).
The benefits from PA are just one kind of the many benefits that cycling is known to provide for
people’s health and wellbeing (Mueller et al.,, 2015; Avila-Palencia et al., 2018), society (including
the economy) (Gossling et al., 2019), and the environment (Ayres, 2014).

Cycling is not available for everyone, which means all these benefits are not available either.
Access to cycling has a material dimension - mainly built environment factors - but there are also
behavioural factors that determine this access. Both psychosocial factors and the environment
seem to influence peoples’ behaviour towards cycling (Panter & Jones, 2010; Sallis et al., 2006),
the focus is on the two, the individual and the environment. To better understand how individuals
make their choices, behavioural theories such as the Theory of Planned Behaviour (TPB) (Ajzen,
1991), and the Transtheoretical Model of behaviour change (TTM) (Prochaska & Diclemente,
1986) have been applied to cycling for transport in recent years (e.g. Forward, 2014; Mufioz,
Monzon & Lois, 2013; Bird et al., 2013). According to the TTM, behaviour change occurs over time
in a gradual and continuous process, involving progress through a series of stages, the Stages of
Change. This approach allows to match interventions to the different needs of the individuals in
the different Stages. The Social Ecological Model of human development (Bronfenbrenner, 1977)
was developed to widen the scope of behavioural theories and include the interrelations between
individuals and the environment, adding the external environmental factors to the psychological
approaches to behaviour. This thesis combines these theories and models and applies them to

measure the effect of built and social environment on the Stages of Change as defined in the TTM.

This study was developed in Europe, where current urban mobility patterns provide ample
potential to increase cycling for transport, although the situations at city level are highly diverse
(European Commission, 2013). The variability of cycling uptake in different cities highlights the
importance of contextual information such as the wider transport and transport policy
backgrounds for a better understanding of research outcomes (Heinen, van Wee & Maat, 2010;

Oosterhuis, 2016).

The built environment has a significant association with cycling. There is evidence to support that

changes in the built environment have the potential to influence cycling behaviour (Song, Preston
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& Brand, 2013). Well-designed and safe infrastructure is needed to facilitate a change towards
cycling (Mertens et al., 2016; Pucher, Dill & Handy, 2010) and thus make cycling accessible for as

many people as possible.

The social environment can also be observed or perceived and it relates to the attitudes and
behaviour of people surrounding the individual, in different levels of closeness and types of social
interactions or engagements (family, friends, neighbours, workmates...). The cycling literature
has highlights two types of social environment factors especially relevant for cycling behaviour,
social norms or what an individual believes to be normal in their group (Ogilvie et al, 2011;
Mufioz, Monzon & Lois, 2013; Forward, 2014) and social support or the interpersonal exchange

of aid and assistance (Titze et al., 2008; Ma & Dill, 2015).

This research is developed at the intersection of transport, health and psychology on a quest to

understand how the environment makes people more or less available for cycling for transport.

1.1 Background: the PASTA project

The project “Physical Activity Through Sustainable Transport Approaches”, with the acronym
“PASTA”, was funded by the European Union’s Seventh Framework Program. The PASTA project
proposal was put together by 14 partners for the call FP7-HEALTH-2013-INNOVATION-1. Within
this call, the proposal was framed in area 3, Optimising the delivery of healthcare to European
citizens, sub-area 3.3 Health promotion and prevention and Topic 3.3.1 Social innovation for
health promotion. This frame is important because, correspondingly, the project belongs to these
areas and topics. The project started in November 2013 and finished at the end of October 2017.
[ started my collaboration with the project in February 2014 and supported the Centre for

Environmental Policy - Imperial College London in its responsibilities as a partner of the project.

The PASTA project focused on the promotion and factors enabling active mobility (i.e. walking
and cycling including in combination with public transport use) in cities as an innovative

approach to integrate physical activity into our everyday lives.

The concept of PASTA was developed with thorough consideration of the broader state of
promotion of active mobility in current European practice and the research thereof. The project
addresses a range of challenges, which come to the fore, and evolve around the central questions
of: “What are the determinants (correlates) of active mobility”, “What are successful
interventions to increase active mobility?”, “How can active mobility be promoted effectively?”,
"What are the health gains of the promotion of active mobility?”, “How can the evidence of the
health gains from active mobility serve as an argument to advocate and justify investments in

active mobility?” and “How to get all the relevant stakeholders’ support?”
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As such, the project identifies key challenges in three areas of research - a) the effectiveness of
measures to promote active mobility and related framework conditions, b) improved
understanding of correlates of active mobility and its effects on general physical activity and
injury risk, c) Health impact assessments of active mobility as a crucial component to its success

as an innovative approach to health promotion.

The consortium brought together a broad variety of disciplines and stakeholders aimed at linking
cutting edge research with maximum impact on policies to enable and promote healthy physically
active lifestyles. Within the project team and in the Advisory Board scientists and leading experts
from a range of disciplines, including epidemiology, physiology, physical activity, public health,
environmental sciences, climate change and energy, transport and urban planning, health impact
assessment, and health and transport economics work together on the goals to generate
knowledge on the effects of active mobility and their optimal promotion and implementation and

to spread these findings among stakeholders and decision makers.
The main activities carried out by the project were:

e The core module of the study: an online longitudinal survey, tracking data from over
10,000 people in seven European cities, to assess the link between active mobility and the
effect on physical activity, injury risk and exposure to air pollution. The survey consisted
of a baseline questionnaire and follow-up questionnaires to be sent every two weeks. The
survey was open for 27 months and participants could enter it anytime, on a rolling basis.

o The add-on module gathered a smaller sample of 122 people who took part in a study to
track their commuting routes with GPS and measure their physical activity and the health
effects of their exposure to air pollution with non-invasive methods.

o A series of workshops and interviews were carried out in the 7 case study cities, with
practitioners form the transport and health sector. The idea behind these workshop and
interviews was to look more closely at the link between promoting active mobility - like
walking and cycling - and health in towns and cities and explore examples of cooperation
among diverse sectors and city departments in charge for health, urban planning and

transport.

The PASTA project also contributed to a new version of the Health economic assessment tool
(HEAT) for walking and for cycling - a tool developed in 2008 by the World Health Organisation
Regional Office for Europe (a partner of the PASTA project).
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Amongst the outcomes of the project there are Best Practice Compilations, a glossary of terms
and an indicator set to provide a common method to evaluate active mobility initiatives, several

infographics and other guidance and dissemination materials.

Within the PASTA project, the Centre for Environmental Policy (CEP) - Imperial College London
was one of the partners. The main involvement of CEP was in Work Package 3 of the project, also
called Core Module, in which the survey and the health add-on were designed, implemented and
analysed. But CEP also collaborated in other Work Packages dealing with Literature review, Case

Studies and Good Practices, Stakeholder engagement, Policy and Dissemination.

[ was involved mainly in the Core module, which is the main source of my data (see Methods
chapter for more details), supporting the survey and the health add-on. But I also collaborated in
the workshops and interviews and in the data collection and drafting for various project

outcomes and deliverables.

Within the PASTA project, all partners were able to participate in publications. The publications

in which I have collaborated can be found in the Appendix: Publications.

1.2 Study area: the seven Case-Study Cities

The PASTA project survey was released in seven Case-Study Cities (hereafter CSC): Antwerp in
Belgium, Barcelona in Spain, London in the United Kingdom, Orebro in Sweden, Rome in [taly,
Vienna in Austria and Zurich in Switzerland. These cities were selected based on the location of

some of the study’s partners.

In order to apply an in-depth evaluation framework (Gerike et al., 2016), the relevant background
information about the seven CSC was collected in the project by each of the local partners in
charge. Imperial College London was responsible for the data collection in London. One of the
aims of the evaluation was to capture the impact of built and social environment on people’s

Active Mobility behaviour.

[ contributed to the collection of contextual information for London. The collection of the
information for the remaining six cities was undertaken by the respective local partner and
coordinated by the corresponding Work Package leaders: BOKU in Austria and ICLEI in Germany.
Some of the information collected was used internally in the project Deliverables, of which the
author of this thesis is a contributor; as this information was not published, from now on it will
be simply referenced as “PASTA consortium”. Factsheets for each of the cities were produced by
the PASTA consortium and are available on the PASTA website: Antwerp (PASTA Consortium,
2018a), Barcelona (PASTA Consortium, 2018b), London (PASTA Consortium, 2018c), Orebro
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(PASTA Consortium, 2018d), Rome (PASTA Consortium, 2018e), Vienna (PASTA Consortium,
2018f), Zurich (PASTA Consortium, 2018g).

A selection of the background information pertaining to the CSC collected by the PASTA
consortium is presented in the following sections. Most of the figures presented in this section
were collected at the beginning of the PASTA project, which is why dates from the sources range
from 2011 to 2014 (these were the most up-to-date sources found by each partner in 2014). This
contextual information has not been updated to ensure that it is representative of the landscape

in each city in the year in which the survey was launched.

1.2.1 Population

The PASTA project CSC featured big and medium-sized cities (in European terms).

Table 1. Basic population statistics for each Case Study City.

Indicator Antwerp  Barcelona London Orebro Rome Vienna Zurich
(2014) (2014) (2014) (2014) (2014) (2014) (2014)

Population 514 1,602 8,630 117 2,863 1,767 381

[Thousands of

inhabitants]

Area 204 101 1,569 1,380 1,285 415 88

[km?]

Density 2,519 15,861 5,500 85 2,228 4,258 4,329

[inhabitants per

km?]

Sources: (Belgian statistical office, 2014; Institut d’Estadistica de Catalunya, 2014; Italian Institute of
Statistics, 2014; Lukacsy & Fendt, 2015; Office for National Statistics, 2014; Zurich Statistical Office, 2014;
Swedish Government Statistics Office, 2014)

Most of the cities had similar population densities, whereas Barcelona’s is higher and Orebro’s
lower. These figures are calculated over the total area of the municipality. It would have been
more accurate to calculate the population density only of the urban area, but these figures were
not available in all cases. Nevertheless, given the noticeable inconsistency of the Orebro value,
further research was undertaken and the alternative value of 2,286 inhabitants per km2 was

found, which takes into account only Orebro’s urban area (Statistics Sweden, 2020).

1.2.2 Transport provision and policies

The concept of “transport provision” gathers indicators about the provision of infrastructure and
services for each mobility mode. Policy categories add information on restrictions or conditions

of use for these services or infrastructures.
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Table 2.

Transport systems and services indicators collected by the PASTA project.

Indicator Antwerp Barcelona London Orebro Rome Vienna  Zurich
Road network 1,649 1,362 n.s. 3,604 8,770 2,763 n.s.
[km]

Road pricing n n y n y y n
[y=yes/n=

no

Parking fees 0.5-1.6 1.8-3.0 n.s. 05-30 1.0-15 0.0-20 14per
[in € per hour] day
PT network n.s 1,747 n.s. n.s. 2,323 794 280
[km]

PT annual 249 n.s. 1,820 800 250 365 665
ticket [price in

€

Cycling n.s 187 n.s. 215 254 1,223 340
network* [km]

Bike-sharing Y y y N n y y

schemes [y =
yes/ n =no]

n.s., not specified -

lack of comparable data; * Figures might include different types of cycling

infrastructure, in the case of Vienna cycling routes and cycling against one-way traffic is included.

Sources: PASTA project consortium (Ajuntament de Barcelona, 2014; Carreno et al, 2013; Gerencia
d’Habitat Urba & Marti, 2014; Lukacsy & Fendt, 2015; Ziirich & Amt, 2013; Office for National Statistics,

2013)

1.2.3 Transport demand

On the demand side of mobility, the modal split (the share of trips by mode) of the seven CSC is

also very varied (Figure 1).
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Figure 2, Car ownership in the case study cities. Sources: Ibid. Table 2
Antwerp and Orebro have the highest share of cyclists with around a quarter of trips made by
bicycle, but at the same time they also have a high share of car traffic (Figure 1), high rates of car
ownership (Figure 2), and low public transport modal share (Figure 1). No other city has a cycle
share of more than 6%. Rome has the highest rate of car ownership and the lowest cycle modal
split; London has the lowest car ownership rate. Public transport rates are high in Barcelona,
London, Zurich and Vienna and are combined with low car ownership rates. Barcelona is the only
CSC with more than a 30% share of walking trips, followed by Vienna, Zurich, London and

Antwerp.

1.2.4 Road safety

The PASTA consortium published a health impact assessment of cycling network expansions in
the seven CSC in which mortality impacts for changes in physical activity, air pollution and traffic
collection was undertaken in order to include two extra indicators of cycling safety: the number
of injured cyclists (any severity) for the year 2014 (the launch of the survey) or the closest year

that was found; and the number of injured cyclists per 10 billion kilometres cycled.

Note that the indicator of injured cyclists has certain limitations: there typically are unreported
cases and its comparability might be compromised depending on whether it includes all kinds of
crashes (including those involving other vehicles and pedestrians, and also cyclist falls, i.e. single

vehicle collisions).
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Table 3. Cycling safety in the seven PASTA Case-Study Cities

City Antwerp2 Barcelonab® Londonc Orebrod Romee Viennaf Ziirichs

k;)}cirl:fr* 313,625,445 89,663,002 463,174,636 59,361,390 98,362,110 219,430,669 45,048,048

Fatalities/ 3 13 1 4 3 1
year
Fatalities/ 13

10 bn km 33 28 17 41 14 22

Injured 4 672 5,132 212 271 913 242
cyclists
Injured
cyclists/ 615 7,495 11,080 3,571 2,755 4,161 5,372
10 bn km

*Estimated by Mueller et al. (2018)
Fatality data compiled for Mueller et al (2018 Table S.14):
amean annual traffic fatalities by mode of transport 2011-2014 (Politie Antwerpen, 2014).
bmean annual traffic fatalities by mode of transport 2011-2015 (Agencia de Salut Publica, 2016),
cannual traffic fatalities by mode of transport 2014 (Transport for London, 2015).
dannual traffic fatalities by mode of transport 2012 (Swedish Transport Board, 2012).
eannual traffic fatalities by mode of transport 2015 (Istituto nazionale di statistica, 2016).
fmean annual traffic fatalities by mode of transport 2010-2015 (Statistik Austria, 2015; Kuratorium fiir
Verkehrssicherheit, 2014).
gannual traffic fatalities by mode of transport 2011 (Stadt Ziirich Dienstabteilung Verkehr, 2011)

Cyclists injured (excluding fatalities and including any severity injury) compiled specifically for this thesis:
alnjured cyclists 2014 (Politie Antwerpen, 2015).
bInjured cyclists 2014 (Ajuntament de Barcelona, 2016).
Injured cyclists 2014 (Transport for London, 2015).
dInjured cyclists 2014 (Swedish Transport Agency, 2020).
eInjured cyclists 2015 (Istituto nazionale di statistica, 2016).
fInjured cyclists 2013 (Stadt Wien, 2020).
8 Injured cyclists 2014 (Stadt Ziirich Dienstabteilung Verkehr, 2016).

Using the estimations that Mueller et al. (2018) proposed for kilometre cycled, London and
Barcelona seemed to have the highest injury risks of the CSC. The lowest cycling injury risk, by
far, was found in Antwerp, although Rome was the second lowest. Rome’s injury risk might be
surprising given the low cycling modal share (Figure 1) and the high fatality risk, so it could be

due to under-reporting of non-fatal crashes.
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1.3 Research aims and objectives

1.3.1 Aim

This thesis applies the Transtheoretical Model of Behaviour Change to cycling for transport. In
this model, the individual finds themself in one of the five Stages of Change towards adopting and
maintaining the behaviour of cycling for transport. The PASTA project provided built and social
environment data for seven European cities, allowing a multi-centred, international study on the

influence of the environment in cycling behaviour.

The aim of this research is to explore the built and social environment factors influencing people’s

Stages of Change for cycling for transport.

1.3.2 Objectives

e To assign participants to their Stage of Change and describe their socio-
demographic and environmental characteristics.

o To analyse associations between built and social environment factors and the
Stages of Change for cycling for transport.

e To provide policy recommendations based on the results of this study.

In order to deliver these objectives, the remainder of the document features a Literature Review
chapter that will report on the conceptual approaches and environmental factors explored in
previous studies, followed by Materials and Methods, and Results chapter. All of these chapters
contribute mainly to the two first objectives, whereas the Discussion chapter also contributes to
the third. Finally, a Conclusion chapter summarises the contribution of this thesis to all objectives

and to scientific knowledge.
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2 LITERATURE REVIEW

In line with the aim and objectives stated above, the exploration of the existing academic
literature focuses on two areas: behavioural theories relevant to cycling to establish the
conceptual framework, and factors associated with cycling for transport. This chapter establishes
the state of knowledge in these research areas and supports an appropriate selection of the

PASTA data relevant for this study.

Behavioural theories (Section 2.1) most frequently applied to cycling behaviour have been found
to be the Theory of Planned Behaviour, the Social Ecological Model and the Transtheoretical
Model of Behaviour. Researchers have applied and explored these theories in specific case
studies, producing knowledge that will be evaluated and finally put in connection with the

objectives in this thesis.

Factors associated with cycling for transport (Section 2.2) will be reviewed in three groups: first,
and most basic, the socio-demographic factors included in published studies. Secondly,
environmental factors are divided into built environment and social environment, and within
each of these groups, the review will focus on the factors that the literature has found most

relevant for cycling for transport.

2.1 Behavioural theories

As summarised in the paper reviewing conceptual frameworks of active mobility behaviour
published by the PASTA consortium (Gotschi et al., 2017), there has recently been an exponential
growth in active mobility research. A growing number of conceptual frameworks have been
published since the early 2000s. Earlier frameworks were simpler and emphasized the
distinction between environmental vs. individual factors, while more recent studies have
proposed more complex travel behaviour theories. This section provides the grounds of a
conceptual framework for this study, in line with the objectives of this thesis and the availability
of data from the PASTA survey. It explores three health behaviour theories most frequently
applied to cycling for transport in the literature: the Theory of Planned Behaviour (Section 2.1.1),
the Socio-Ecological Model (Section 2.1.2) and the Transtheoretical Model of Behaviour Change
(Section 2.1.3); and their application to cycling for transport, with mentions of physical activity,

active mobility, or other mobility-relevant behaviours when appropriate.

2.1.1 The Theory of Planned Behaviour

The Theory of Planned Behaviour (TPB) details how the influences on an individual determine
that individual's decision to follow a particular behaviour (Ajzen, 1991). This theory is an

extension of the widely applied Theory of Reasoned Action (TRA; Ajzen & Fishbein, 1975). The

28



TPB suggests that the determinants of behaviour are intentions to engage in that behaviour and

perceived behavioural control (PBC) over that behaviour.

Intentions represent a person's motivation in the sense of their conscious plan or decision to exert

effort to perform the behaviour.

PBC is a person's expectancy that performance of the behaviour is within their control. The
concept is similar to Bandura's (1982) concept of self-efficacy. PBC has an influence on which
behaviour an individual chooses to pursue, how much effort they will put into that chosen

behaviour and how they prepare for the activity (Ajzen, 1991).

For the TPB, this review will first summarise its theoretical basis, a model featuring a number of
inter-related elements (Section 2.1.1.1); second, it will explore the literature applying the TPB to
cycling for transport (Section 2.1.1.2), and third, some limitations and adjustments of this model

that may be relevant in this case (Section 2.1.2.2).

2.1.1.1 Theoretical basis

According to the theory of planned behaviour (TPB), human action is guided by three kinds of
belief:

o Beliefs about the likely consequences of the behaviour (behavioural beliefs): these
produce a favourable or unfavourable attitude toward the behaviour

o Beliefs about the normative expectations of others (normative beliefs): these result in
perceived social pressure or subjective norm

o Beliefs about the presence of factors that may further or hinder performance of the
behaviour (control beliefs): which give rise to perceived behavioural control defined as

the perceived ease or difficulty of performing the behaviour

In combination, attitude toward the behaviour, subjective norm, and perception of behavioural
control lead to the formation of a behavioural intention. As a general rule, the more favourable
the attitude and subjective norm, and the greater the perceived control, the stronger should be
the person’s intention to perform the behaviour in question. Intention is thus assumed to be the

immediate antecedent of behaviour.

In other words, according to TPB, individuals are likely to intend to follow a particular health
action if they believe that the behaviour will lead to particular outcomes which they value, if they
believe that people whose views they value think they should carry out the behaviour, and if they
feel that they have the necessary resources and opportunities to perform the behaviour. The three

belief systems are linked to the extent that in people who are realistic about a behaviour’s
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difficulty, a measure of PBC can serve as a proxy for actual control and can contribute to the
prediction of the behaviour in question (see Ajzen, 1991). To this end, TPB is depicted as a multi-

linear model, as can be seen in Figure 3:

Attitude
Toward the
Behaviour

Subjective Behavioural .
.L - Behaviour

MNorm Intention

Perceived
Behavioural
Control (FBC)

Figure 3. Theory of Planned Behaviour (TPB) Model. Adapted from Ajzen (1991)

Ajzen (1991) outlines the underlying causes for each of the influencing factors listed above, as
being salient (accessible) beliefs. It would be too cognitively demanding for an individual to take
account of each belief they hold about a behaviour and so beliefs that hold most influence are

those that are most salient at the time (Ajzen, 1991).

According to TPB, it should be possible to influence intentions and behaviour by designing an
intervention that has significant effects on one or more of the antecedent factors, that is, on
attitudes toward the behaviour, subjective norms, and perceptions of behavioural control. The
results of studies by Bamberg et al. (see below) demonstrate the utility of TPB as a conceptual
framework for predicting travel mode choice and for understanding the effects of an intervention

on this behaviour.

The work of Bamberg et al. (2011; 2003) supports the inclusion of all three psychological
variables as factors affecting behavioural intention. Research carried out on the bus use of
students travelling to university found that attitude, subjective norms and PBC all influenced
students’ intention to use buses (Bamberg, Ajzen & Schmidt, 2003). The introduction of a
semester ticket was found to have an impact on all three psychological variables and

subsequently strengthen the student’s intention to use buses as their primary mode of transport.

2.1.1.2 TPB and cycling-related literature

The theory is frequently cited and has been used in numerous studies that aim to understand the
root causes of pro-environmental or sustainable behaviour and also to assess the relative effect

of each independent variable on behavioural intention. Scholars such as; Bamberg (Bamberg,
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2013a; Bamberg et al., 2011; Bamberg, Hunecke & Blébaum, 2007; Bamberg, Ajzen & Schmidt,
2003), Gatersleben (2012) and Darnton (2008) have used the TPB to explain transport mode

choice.

e Attitude towards behaviour: Heinen et al. (2011) assessed Dutch cycling commuters
attitudes within the TPB framework. Results showed variance in attitude toward cycling
over different distances commuted and this resulted from a difference in importance of
behavioural beliefs for cyclists that commute over different distances.

e Subjective Norm: After Ajzen’s publication of the TPB in 1991, other studies
complemented his views and the TPB evolved, for example, adding Descriptive norm to
the Subjective norm. In some of the later studies, Injunctive norm was understood as
related or equivalent to Subjective norm. See Section 0 for a complete explanation and
cycling-related literature for Subjective, Descriptive and Injunctive norms.

e Perceived Behavioural Control (PBC): PBC is governed by a set of control beliefs that can
be based on past behavioural experiences and also information received from other
individuals about the behaviour or action (Ajzen, 1991). PBC is therefore a
complementary component of the TPB to subjective norms, whereby if an individual
experiences another individual or group of individuals carrying out a given behaviour and
they are able to identify the group or individual as being ‘like themselves’ then PBC will
increase and the individual is more likely to carry out a given behaviour (Gatersleben &
Appleton, 2007). Work by Goodman et al. (2014) on cycling behaviour shows that after
the introduction of the London Cycle-Hire Scheme, individuals observed that others, like
themselves, were cycling. This increased the number of recreational cyclists within the
city as when individuals observed others like themselves cycling this meant that their PBC

increased and so they themselves were more likely to cycle.

2.1.1.3 Limitations and adjustments to TPB

The TPB provides a simple framework for understanding individual behaviour, however, it has
been accused of overlooking essential determinants of everyday behaviours and in such cases,
modifications have been made to the model. There have been limitations noted and academics
such as Ouellette & Wood (1998) have highlighted that TPB does not fully explain all variables
that actually determine an individual’s behaviour. For example, some authors Kahneman (2012),
Thaler & Sunstein (2009), Jackson (2005), Kl6ckner & Matthies (2004) and Ouellette & Wood
(1998) highlight how the TPB only takes into account behaviours that undergo cognitive
reasoning; the theory assumes that all behaviours can be accounted for by an individual making
a conscious decision. However, as Kahneman (2012) states, everyday human behaviours can be

irrational and automatic. The TPB does not account for these types of processes.
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Klockner & Matthies (2004) researched individual car choice and it was noted how habit played
a significant role in mode of transport choice — an automatic psychological variable that TPB does
not account for. This is supported by work carried out by Donald et al. (2014) whereby habit is

seen as a main contributory factor in determining commuter’s transportation method.

Researchers have aimed to minimise the limitations of TPB by modifying the theory in order to
explain the behaviours on which this thesis focuses. Authors have extended the theory in order
to incorporate determinants of behaviour that are an essential addition to TPB in order for it to
be representative of the target behaviour. Heath & Gifford (2002) included descriptive norms in
TPB and found that the extended model was a better predictor of public transport usage and
Heinen et al. (2011) included habit to help explain cycling behaviour. In a study by Anable (2005),
whose research was focussed on individual travel mode choice, TPB was also extended to include

habitual behaviour.

Further additions to TPB were moral norm, environmental attitudes, worldview and knowledge.
As well as the additions of determinants of behaviour, Anable (2005) also modified the theory to
develop the pre-existing determinants of behaviour to have definitions that are more specific for
travel mode choice. These were: an identity norm that is a more precise definition of the

subjective norm and self-efficacy as a development of PBC.

2.1.2 The Social Ecological Model

Bronfenbrenner (1977) developed the Social Ecological Model (SEM) as a result of the ‘restricted
scope’ of experimental psychology. He observed that experiments were done outside of the
context in which behaviours would usually take place, and so lacked validity. This prompted the

development of a model that incorporated external influences.

The focus of Bronfenbrenner’s research in 1977 was child development, however the model has
more recently been used to help explain health related behaviours such as physical activity

promotion by Sallis et al. (1998), Sallis et al. (2006) and Owen et al. (2011).

For the SEM, this review will first summarise its theoretical basis, a model considering several
systems that influence behaviour (Section 2.1.2.1); and second, it will explore the literature

applying the SEM to cycling for transport (Section 2.1.2.2).

2.1.2.1 Theoretical basis

Bronfenbrenner (1977) argued that in order to understand human development and human
behaviour, researchers must consider the entire ‘ecological system’ of which individuals are a

part. Bronfenbrenner (1977, 1993) structured his argument around the idea that human
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behaviour is a function of the complex interactions between an individual’s psychological
characteristics and the environment. The environment can be segmented into the proximal and
the more distant environment and there are 34 environment changes that influence the
individual depending on their proximity. The author (Bronfenbrenner, 1977, 1993) identified a
series of interacting and reinforcing ‘systems’ that an individual is embedded within.
Bronfenbrenner (1993) describes five influencing systems that include multiple behaviour
variables. However, in more recent applications and descriptions of SEM only four systems are
applied, the fifth influencing system is entitled ‘chronosystems’; this takes into consideration
time, where consistency over time in an individual’s environmental setting helps govern the

individual’s behaviours. The other four systems are:

e The Microsystem or the ‘individual’ system includes proximal influences on an
individual’s behaviour such as the role of an individual in society, close family
relationships, peer group relationships and psychological determinants of behaviour. The
influencing factors that sit within the ‘microsystem’ are those that have been the focus of
previous theories of behaviour described such as TPB. Bronfenbrenner describes the
need to consider the microsystem but also take into account wider influences on
behaviour.

o The Mesosystem or the interpersonal system takes into consideration the influence of
interacting factors from the microsystem on an individual’s behaviour. For example, the
interpersonal system considers how a family member’s experiences outside of the ‘family
unit’ have an influence on another family member’s behaviour and beliefs.
Bronfenbrenner considers the mesosystem to be a ‘system of microsystems’; key to this
idea is the strong influence of an individual’s behaviour on another individual’s
behaviour. In other theories of behaviour, these influences are categorised as social
norms (McLeroy et al., 1988).

o The Exosystem is also known as ‘community’ influences. Community influences result
from the neighbourhood or environmental setting of an individual such as geographical
bounds or local authorities. McLeroy et al. (1988) highlight the importance of taking into
consideration the overall community setting that an individual is embedded within; if an
intervention fails to include community relations, the acceptability of said intervention is
likely to decrease. Influences on behaviour that result from a community system are:
values, social norms, attitudes and external influences such as infrastructure (McLeroy et
al, 1988). The internal determinants of behaviour previously listed are psychological

determinants, however, their consideration within the ‘exosystem’ supports
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Bronfenbrenner’s (1977) suggestion that each subsystem is interconnected, for example,
where the infrastructure in place may have an effect on social norms.

e The Macrosystem is the collection of exosystems influencing an individual’s behaviour
and includes public policy and cultural influences on a behaviour such as physical activity
(Bronfenbrenner, 1993; McLeroy et al, 1988; Stokols, 1996). The model proposed by
Gatersleben & Vlek (1998) takes into consideration that macrosystems can influence

behaviour.

A key strength of SEM and a reason for which it has been employed in health behaviours is that it
presents multiple levels at which an intervention can be targeted, encouraging those designing
interventions to consider the wider influences on behaviour (Ogilvie et al, 2011). This prevents
significant determinants of behaviour from being overlooked and allows the understanding of

interconnectivity of determinants of behaviour to act as ‘levers to change’ (Golden & Earp, 2012).

Ogilvie et al. (2011) indicate that an underlying strength to the SEM is the inclusion of the physical
environment as an influencing factor on behaviour. As well as this strength, researchers such as
McLeroy et al. (1988) highlight the model’s inclusion of the relationship between an individual’s
behaviour and the social environment as a key strength. The theory does not provide definitive
answers as to which specific determinant(s) of behaviour are most influential for the
intervention’s target behaviour, but it does provide a detailed framework of influencing factors

that those designing the intervention can take into account.

2.1.2.2 SEM and cycling-related literature

The SEM has been previously applied to health behaviours and physical activity promotion by a
number of researchers including Sallis et al (1998; 2008; 2006), Owen et al. (2006) and Ogilvie et
al. (2011). For behaviours such as walking or cycling, for which environmental provisions need
to be in place for the uptake of the behaviour, the SEM highlights multiple influencing factors on
behaviour (McLeroy et al, 1988). Ogilvie et al. (2011) state that SEM outlines how factors of a
target behaviour interact rather than specifying how a particular intervention might lead to a

change in this behaviour.

Ogilvie et al. (2011) altered the model designed by Saelens et al. (2003) by identifying differing
components to psychological influences on 37 behaviours and allocating individual influences on
behaviour to groups that Bronfenbrenner (1993, 1977) would have referred to as different
systems. This demonstrates another strength of SEM, the ability for those evaluating the

environment to treat the model as dynamic, with the ability to be adjusted to a given behaviour.
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The SEM, due to its broad and all-encompassing nature, can be merged with pre-existing models
of behaviour. Ogilvie et al,, (2011) did this by including behavioural intention and habit into the
model. The research carried out focused on cycling and walking behaviour and is part of the
iConnect study, which recognises that the infrastructure in place is one of the most important
influencing factors on cycling and walking behaviours. Infrastructure can be adapted and

influenced the most by policy makers (Ogilvie et al, 2011; Saelens, Sallis & Frank, 2003).

The afore-mentioned research of Ogilvie et al. for the iConnect study also considers the wider
effect of changing infrastructure. They state that the change in the physical environment may
resultin an increase in the individual’s intention to cycle (Ogilvie et al,, 2011). It is then recognised
that as cycling increases in frequency a ‘positive feedback’ loop is created by which a change in
infrastructure results in an increase in frequency in cycling which then causes people’s
perception of the social environment to change (Ogilvie et al., 2011). This new social norm results

in more individuals cycling, as their peers appear to be cycling more frequently.

The structure of SEM allows this flow of events to be firstly predicted and secondly understood
and the example from the iConnect study indicates how ‘levers’ do exist in this model, whereby
changing the cycling infrastructure ultimately results in the formation of a new social norm
(Golden & Earp, 2012). This supports McLeroy’s (1988) statement, describing how behaviour and
the social environment influence each other and that interventions are more likely to be
successful when they operate within multiple levels of the SEM (Sallis et al., 2006). The SEM’s all-
inclusive nature is a great strength of the model, but is also deemed its largest weakness (Ajzen,
1991). This is because there are a vast number of variables within the model that have a series of

complex relationships.

2.1.3 The Transtheoretical Model of Behaviour Change

The Transtheoretical Model of Behaviour Change (TTM) is an example of a cross-theory model
that can be applied to active transport interventions. The TTM takes into consideration time and
the individual’s progress through different Stages of Change (Prochaska & Velicer, 1997; Velicer
et al, 1999). It is based on the assumptions that (1) no single theory can account for the
complexity of behaviour change; (2) behaviour change is a process that unfolds over time through
several stages; (3) stages are stable and open to change; and (4) specific processes and principles
of change should be used at specific stages to maximize the efficacy of behaviour change

(Prochaska, Redding & Evers, 2015).
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Many recent stage models are variations of TTM, which has dominated other stage theories due
to its wide applicability: the TTM now has a robust history of empirical application across a range

of behaviours.

This review will first summarise the theoretical basis of the TTM, a stage-based model in which
different processes operate at the levels of the experiential and the behavioural constructs
(Section 2.1.3.1). Limitations and criticisms of this model will be included in the theoretical
section. Second, it will explore the literature applying the TTM to cycling for transport (Section

2.1.3.2),

2.1.3.1 Theoretical basis

The theoretical basis for the Stages approach to behaviour change mainly stems from DiClemente
and Prochaska’s work (1982), which was first to feature a model with only three stages. It evolved
into a model with four stages (1986; Prochaska & DiClemente, 1982), and subsequently reached
the most stable and commonly used conceptualisation of behavioural change as a transition
through five stages in Prochaska’s later work (Prochaska, Redding & Evers, 1997; Prochaska,
DiClemente & Norcross, 1992; Prochaska & Velicer, 1997):

1) Pre-contemplation (Not ready): This stage is strongly defined by the lack of intention.
People in this stage have no intention of taking any action in the foreseeable future. This
might be due to several reasons, amongst them: having a lack of information or being mis-
informed about the consequences of the Action; or having experienced unsuccessful
attempts at changing than could have left them demoralized. Individuals in this situation

can be referred to as resistant, unmotivated or unready.

2) Contemplation (Getting ready): People express their intention to change, and/or have
realised that a change may be necessary. They have developed awareness about the
advantages of changing but they are still too concerned about perceived or real
disadvantages. They are coming to terms with the possibility of change but are still not
ready to act. Individuals in this stage can get stuck in the ambivalence of the pros and cons

and not be prepared to act immediately.

3) Preparation (Ready): The intention is formed to undertake the specific action in the
near future. These individuals have a plan of action that has helped them remove barriers

and get ready for action.

4) Action: People in this stage have made modifications to their lifestyle over the previous

few months and there has been an actual behaviour change whereby the action is now
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observable. The TTM is generally applied to study individual actions that have been

widely proved to be beneficial to health, wider well-being or the environment.

5) Maintenance: in this stage, people have been sustaining a specific behaviour for some
time. The change was made some time ago and they have grown increasingly more
confident that they will maintain the change they made and continue with the acquired
behaviour. The observed behaviour happens automatically. There is still the potential for

relapse, if people become overconfident or they are influenced by an external event.

Some approaches also include a ‘termination’ stage, at which point it is assumed there will be no
further stage changes. However, most applications omit this sixth step, considering that although

maintenance implies long term behavioural stability, stage changes are still possible.
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Figure 4. Stages of Change. Based on (Prochaska and Diclemente, 1986).

The transtheoretical approach also introduces a number of processes that influence the
transitions between stages (Figure 5) and fall into two higher level constructs: experiential and

behavioural. Processes in the experiential construct include:

e Consciousness Raising (Get the Facts)

e Dramatic Relief (Pay Attention to Feelings)

e Environmental re-evaluation (Notice Your Effect on Others)
e Social Liberation (Notice Public Support) Processes

e Self-re-evaluation (Create a New Self-Image)
Processes in the behavioural construct include:

e Self-Liberation (Make a Commitment)
e Helping Relationships (Get Support)

e Counter Conditioning (Use Substitutes)
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e Reinforcement Management (Use Rewards)

e Stimulus Control (Manage Your Environment)

In addition, the theory describes two further constructs: self-efficacy (confidence that barriers
can be overcome) and decision balance (weighing up pros and cons), each of which function as
indicators of progress within the behaviour change process, as opposed to explanatory variables

of stage transition. These two constructs influence behavioural change throughout the stages.

Pre-

. Contemplation Preparation Action Maintenance
contemplation

* Consciousness raising

¢ Environmental
re-evaluation

* Dramaticrelief
* Social liberation
* Self re-evaluation
* Self liberation
* Helping relationships

* Counter conditioning

\ | * Reinforcement management
! *  Stimulus control
EXPERIENTIAL CONSTRUCTS
\ J
|
BEHAVIOURAL CONSTRUCTS
* Self efficacy
* Decision Balance
Figure 5. Constructs and processes that influence the transitions between Stages of Change.

Source: adapted from ProChange (2019).
Changing by stages
The understanding of behaviour change as a dynamic process with several stages is not new. In
1944 the psychologist Kurt Lewin identified a model whereby individuals are understood to first
pass through a motivational stage of intention setting followed by a volitional stage of intention
striving, during which skills and strategies are developed. This approach has been adopted and
developed by many subsequent studies, for example, in the Health Action Process Approach

(HAPA) social-cognition model of health behaviour (Schwarzer et al, 2003). The HAPA
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subdivides the volitional stage into sub-processes of initiation, maintenance and recovery. The
HAPA model notably identifies self-efficacy as the most influential motivational factor and
predictor of behavioural intentions for the motivational phase, and a key determinant of success

in the volitional stage.

Other stage models include: the Precaution Adoption Process Model (Weinstein & Sandman,
2008), which describes seven stages of behaviour change for precautionary health behaviours:
unaware, unengaged, undecided, decided not act / decided to act, action and maintenance; and
the Model of Action Phases (Gollwitzer, 1990), which describes a horizontal path between desire
and action through four phases: choice of action goal, plan execution, enact execution, and
evaluation of efforts. In the context of the environmental sector, Bamberg (2013b) identifies three
important stages of behavioural change: awareness, intention, and implementation and applies
this in a study of motor car usage. Many later models (such as Bamberg’s) are derivations of or
amendments to the transtheoretical model. However, the diversity and range of stage models
shows that categorisation of boundaries and appropriate stages can be adjusted or developed to
suit the context. Many of the variations of stage theory models have been developed for a
particular application: such as for preventative behaviours (attending health screenings,

installing fire alarms, etc.) or for changing risky behaviour.

Overall, there are found to be four common elements of each of the stage theories, as proposed
by Weinstein et al. (1998). Each stage theory is seen to have a category system to define the
different stages, and an ordering of the stages (although most recognise that transition between
stages can be bi-directional, and rapid progression by an individual may occasionally skip a
stage). In addition, stage theories state that there are common barriers to change that will affect
people who are in the same stage, and conversely that people in different stages will be affected

by different barriers (or to a different degree).

Constructs: the role of self-efficacy and decision balance

Of the TTM constructs, self-efficacy and decision balance are found to be particularly influential.
Self-efficacy is closely related to perceived behavioural control and is consistently found to be the
most important single determinant at an individual level. It appears to be highly relevant at every
stage of change, with indicators of self-efficacy in the targeted behaviour increasing with stage

progression.

Decision balance is also influential across the different stages, although the mode of influence
changes with stage progression, with a meta-analysis by Hall and Rossi (2008) suggesting that
decisional balance tends to have the strongest relationship with the earlier Stages of Change. This

supports earlier findings by Marshall and Biddle (2001) that the largest influence of behavioural
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‘pros’ is observed between the Pre-contemplation and Contemplation Stages, and a more recent
study by Forward (2014) which observed that perceived consequences become more positive
and less negative as stages progress. This fits with the application of TTM to smoking cessation
interventions, in which cons are more influential than pros in the early stages, and the reverse is

true in the later stages (e.g. Velicer et al., 1999).

Limitations and criticisms of the TTM

Though widely used, TTM is not without its critics. The TTM recognises that behaviour change is
a continuous, often cyclical process, with different characteristics associated with different
stages. However, by defining the Stages of Change, the model necessarily introduces boundaries
between stages. As such, the model has been criticised for its simplification of complex processes,
and for boundary definitions that do not take full account of underpinning psychological
processes (e.g. Adams & White, 2005). However meta-analysis of the TTM’s application to
physical activity and exercise behaviours (Marshall & Biddle, 2001) shows that in this context
there are observable differences in behaviour even between pre-contemplation and

contemplation stages, suggesting that the characterisation of distinct stages is indeed useful.

Other criticisms include the use of temporally sequenced stages, and the TTM'’s limited ability to
describe conscious decision making, as it is generally used to describe the results of an
intervention and generally does not allow for inclusion of other conscious factors, such as
rewards or punishments (West, 2005). However, such criticisms focus primarily on the
application of TTM to smoking or other health behaviours. Its use within the context of active
travel is relatively recent, and application in this area of behaviour is expected to overcome some
of these limitations as the motivations and barriers affecting travel mode choice are very different
to those influencing smoking behaviour (Nigg et al., 2011). This suggests that the use of TTM in

the context of active travel can yield very useful results.

However, it is also important to take into account that the papers mentioned in this section are
related to physical activity behaviour in general and consider active mobility as just one of a
mixture of diverse behaviours. In this way, a better assessment is required of the TTM constructs

related specifically to cycling behaviour.

2.1.3.2 TTM and cycling-related literature

The TTM was first developed to examine changes in smoking behaviour, and then expanded to
consider wider alcohol and drug use behaviours (Prochaska, DiClemente & Norcross, 1992). It
has since been applied to a range of health behaviours in addition to smoking, including weight
control, condom use (Prochaska et al, 1994) and cancer screening behaviours (Eiser & Cole,

2002). Stages of Change models are well established both in public health and travel behaviour
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research and more recently, TTM has shown particular promise for application in the context of
active mobility and specifically in cycling (Thigpen, 2014; Driller, Thigpen & Handy, 2014;
Thigpen, Driller & Handy, 2015).

Policies focused on cycling have some commonalities with health programmes - cycling can
benefit individual health, public health (through reduced air pollution) and the local
environment; although the motivations and barriers are often more diverse and can make studies
more complex. Typically, assessments of the impact of cycling interventions or related
environment attempt to explain changes in actual behaviours, such as increased walking or
cycling. This is often measured through self-reported number of trips, proportion of total travel
behaviour, time spent on a given travel mode or self-identification of walking or cycling habits
(e.g. shift from ‘occasional’ to ‘regular’ walker or cyclist). The application of TTM shows particular
promise for this context, using a stage of change analysis, which can overcome some of the
limitations associated with approaches that restrict its focus to cycling behaviour. The more
complex psychological approach of TTM can contribute to better intervention design and

policymaking.

Mutrie et al. (2002) were one of the first authors to apply a transtheoretical framework to active
commuting, namely implementing and evaluating a walk to work promotion intervention (which
also promoted cycling) through a randomised controlled trial. The Stages of Change were defined

as:

e Pre-contemplation: no intention to become more active in the next 6 months

o Contemplation: thinking about becoming more active in commuting within the next 6
months

e Preparation: having a plan of action such as buying a cycle, or having attempted some
active commuting, but not enough to meet 30 minutes on most days of the week

e Action: have become a regular active commuter, but only during the previous 6 months
or less

e Maintenance: have achieved regular active commuting for longer than 6 months

Only subjects who were in the Contemplation or Preparation stages for active commuting were
recruited, and these were randomly assigned to the intervention or control group. A significantly
larger percentage of the intervention group progressed to higher stages of active commuting
(49% versus 31%) compared to the control group. Factors around distance to work, age and
gender did not seem to have an effect on this progression. In this study, only walking was

successfully increased and significantly different between groups; cycling was not.
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Gatersleben and Appleton (2007) applied the Stages of Change model to cycling to work, using

the following classification:

e Pre-contemplation: have never used a cycle to travel to work and never considered using
one

o Contemplation: have never used a cycle to travel to work, but considered (rarely,
sometimes, or often) using one

e Preparedeness: has rarely or sometimes used a bicycle to travel to work and have rarely,
sometimes or often considered using one

e Action: have often used a bicycle to travel to work

e Maintenance: have a history of using their bicycle to travel to and from work

They then assessed perception and attitudes on each of the Stages of Change, focusing on
perceptions and perceptions on personal barriers (e.g., | am not fit enough to cycle, | would feel
uncomfortable on a bicycle); external barriers (e.g. not enough cycle lanes, unsafe to cycle); and

attitudes about walking / cycling (e.g., cycling is healthy, cycling is good for the environment).

As people progress from Pre-contemplation to Action it is seen that their attitudes towards
cycling become more positive and their perceptions of barriers lessen. Most people do not even
contemplate cycling, but some could be persuaded in the right circumstances. Only 7% of the
sample (n=184) stated that under no circumstances would they be willing to cycle to work, with
conditions (weather, terrain and facilities) being the most commonly stated barrier across the

stages.

Van Bekkum et al, (2011) used the same Stages of Change as in Mutrie (2002), but added the
category: “I am a seasonal cyclist” (although this was excluded from analysis), and assessed how
the perceived barriers varied according to Stage of Change. Potential barriers were rated using

), « », «

an 5-point Likert scale (“not discouraging”; “slightly discouraging”; “moderately discouraging”;
“very discouraging”; “stops me from cycling”), and included items such as danger on the roads;
bad weather; darkness; hilliness; exhaust fumes; distance from work; carrying belongings;
storage at home; school run; time taken to cycle; changing and showering facilities; physical effort
involved; storage at work; expense of buying a cycle; casual clothing; health problems; and lack
of water proof clothing. Statistical analysis was performed on the results using a one-way ANOVA
to assess whether perceptions differed by stage of change, with results suggesting that there are

differences between the different stages. By stage of change, the most significant barriers were as

follows:

e Respondents in pre-contemplation: danger on the roads, bad weather and darkness
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e Respondents in contemplation, preparation and action: danger on the road, bad weather
and natural terrain

e Respondents in maintenance: danger on the road, bad weather and manmade terrain

Overall, the most significant differences between Stages of Change were seen around danger on
the roads, physical effort and natural terrain. Interestingly, while all respondents worked in the

same (cycle friendly) workplace, their perceptions were still different.

A study by Thigpen et al. (2015) used the TTM approach to cycling commuting in UC Davis
Campus, California. The environment was very cycle-friendly: 55% of individuals living in Davis
or on the campus commuted by cycling and the city boasted over 100 miles of cycling paths in an
area of roughly 10 square miles (26 kmz2). In this cross-sectional analysis, data came from an
online survey, with a sample size of 2,439 respondents. Individuals were divided into five Stages
of Change based on the answers to four survey questions related to: frequency of cycling, main
mode to commute to campus, willingness to cycle to campus and intention to cycle to campus in

the next 6 months.

Factor analysis of 10 attitudinal questions found three underlying factors to explain respondents’
Stages of Change: pro-cycling attitude, pro-automobile attitude and sense of safety. A multimodal
logistic regression model of significant variables was then estimated from the data. Results show
that attitudes toward bicycling and perception of barriers were important determinants of stage
of change. Interestingly, age, gender, number of children and socioeconomic level were not

identified as statistically influential.

Results show the explanatory variables most related to each stage, and the hypothetical effect of
different kinds of policy interventions is measured for pre-contemplation individuals. Of all the
interventions, the most effective intervention in moving individuals out of pre-contemplation
stage is “Access to a bicycle”, but none of the interventions manage to take individuals to the
Action stage, let alone Maintenance. However cumulative effects of policy intervention scenarios
on the probabilities of hypothetical individuals’ being in each stage do take the individuals to

Maintenance, with a minimum of four interventions needed to reach this point.

Even though this is a cross-sectional study in a cycle-friendly community, and the policy scenarios
are hypothetical, the results suggest important aspects of Stage of Change in relation to policy
interventions. One is that cumulative packages of intervention policies have a high probability of
moving individuals to the Maintenance stage. Findings are also consistent with previous studies
(Gatersleben & Appleton, 2007) suggesting that attitudes toward bicycling and perception of

barriers are important determinants of the Stages of Change.
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Taken together, these studies demonstrate the applicability of the TTM to cycling, and the evident
differences between Stages of Change indicates that stage-tailored interventions could be

particularly effective.

2.2 Factors associated with cycling for transport

This study aims at exploring the environment influences cycling behaviour. In the PASTA project,
data regarding built and social environment was collected, allowing for the analysis of these two

environmental dimensions.

Individual, socio-demographic factors need to be considered in order to account for basic

differences that might affect people’s behaviour (Section 2.2.1).

Built environment can be assessed objectively or by perceptions. Objective measures use geo-
located information about the built environment (Section 2.2.2.1), whereas this same built
environment generates perceptions of the different elements of cycling infrastructure, traffic

safety, crime and comfort (Section 2.2.2.2).

The main aspects of social environment that have been found relevant for cycling (Section 2.2.3)

are social norms (Section 2.2.3.1) and social support (Section 2.2.3.2).

2.2.1 Socio-demographic factors

There are a variety of socio-demographic factors that have been included in active mobility
studies, for example, gender, age, physical ability, level of education, household income,
household structure (and the presence, or otherwise, of children), vehicle access (to both car and

non-motorised modes), driver’s licence status, ethnicity, employment and working situation.

Handy et al. (2014) reviewed studies identifying key factors associated with transport cycling and
found that socio-demographic characteristics have a strong connection to cycling, particularly
gender, income and age. Aldred, Woodcock and Goodman (2015) explored the literature in search
of research pertaining to gender and age. They found substantial variation in the broader Western
European context in terms of gender and age differences in cycling participation. In low-cycling
contexts there was a predominant prevalence of male cyclists, whereas in high-cycling contexts,
no large differences exist, or women were over-represented. Authors argue that assessing age is
especially important as the health benefits of cycling are the largest at older ages. In countries
with higher levels of cycling, negative age gradients existed, but the proportion of trips cycled by
those in the older age groups remained high. Declining use of cycles with age was more

pronounced in low-cycling countries (Aldred, Woodcock & Goodman, 2015).
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The influence of income on cycling is a complex issue. Heinen et al. (2010) report that having a
high social status reduced the probability of cycling, based on studies from the United States
(Moudon et al,, 2005) and Scotland (Ryley, 2006). In contrast, in a study exploring the differences
between the 2001 and 2009 National Household Travel Surveys in the United States, Pucher et al.
(2011) found that the highest income quartile experienced the biggest increase in cycling. This
poses questions around equity and the role of the gentrification processes. The provision of safe
and good-quality cycling infrastructure in lower-income neighbourhoods becomes important in
order to compensate for these inequalities, as the potential health and economic benefits of

cycling might be greater in lower-income communities (Noyes et al., 2014).

In terms of employment status, studies in the Netherlands indicate that part-time workers
commute more frequently by bicycle (Heinen, van Wee & Maat, 2010; Engbers & Hendriksen,
2010). Results from Heesch et al. (2014) for Brisbane, Australia, found the same pattern. Heinen
et al. (2010) suggest this might be related to part-timers living closer to their workplaces, but

there is a lack of evidence for this.

Heinen et al. (2010) argue that evidence for the relationship between cycling, age and income is
mixed because most of the research simply uses survey results to draw links between socio-
economic factors and cycling and the research tends not to examine whether any relationships
found are causal, meaning that we are unable to draw any conclusions in this respect. Authors
add that large differences exist between different countries, perhaps due to the impact of

differences in countries’ social and built environments, and economic circumstances.

Based on the findings of their literature review, Heinen et al. (2011) offered a cautious assessment
of the importance of socio-economic factors: “There is a relationship between socio-economic
factors and cycling to/from work, but we lack clarity on both the direction of this relationship,

and its causality.”

2.2.2 Built environment and cycling

The effects of the built environment on cycling behaviour have been studied by researchers in the
fields of public health, epidemiology, transport and planning; as the selection of the literature
cited in this section will show. The literature makes a distinction between Objective Built
Environment, that is the existing characteristics of the physical environment; and Perceived Built

Environment, or the subjective attributes people attach to it.

Studies that combine subjective walkability, such as those using the Neighborhood Environment

Walkability Scale (NEWS) questionnaire developed by Cerin et al. (2006), with objective
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measurements, demonstrate that changes to both objective and self-reported neighbourhood

characteristics have an effect on transport-related cycling behaviour (Beenackers et al., 2012).

Both objective and perceived measures of the built environment are considered important as they
provide insight into different relationships with the outcomes (Gebel et al.,, 2015). For example, a
range of social, economic and demographic factors are likely to influence individuals’ perceptions
of the built environment, which do not necessarily correspond to objective measures (Ma & Dill,

2015).

Furthermore, a study by Ma et al. (2014) shows that the relationship between objective and
perceived environment for cycling might not be a direct one: “the direct effect of the objective
environment on bicycling behaviour became insignificant when controlling for perception.” The
authors therefore concluded that the objective environment may only indirectly affect cycling
behaviour by influencing perceptions. According to this research, an objectively good

environment for bicycling is necessary but not sufficient for cycling.

2.2.2.1 Objective Built Environment

The way that an urban environment is designed can influence the propensity of inhabitants to
participate in active transport (Sallis et al,, 2013; Aldred & Woodcock, 2008). Research suggests
that neighbourhood design features that support bicycling and walking (i.e. have a high
Bikeability and/or Walkability indices) not only increase cycling (Pucher, Dill & Handy, 2010) and
walking (Eriksson et al, 2012) but also neighbourhood-wide physical activity (Brown et al,
2013). Specifically, higher urban density and mixed land use lead to a higher cycle share (Heinen,
van Wee & Maat, 2010). Reviews of the correlates of cycle commuting highlight a need for a more
comprehensive approach and focus on cycle-specific factors, particularly of the built environment

(Heinen, van Wee & Maat, 2010; Saelens, Sallis & Frank, 2003).

Geographic information systems (GIS) have been helpful in analysing whether objective
measures (physical features) of an urban environment, such as local topography, affect active
transport participation (Krenn et al, 2011; Evenson et al, 2009). Positive associations have been
shown between cycling behaviour and the physical and functional components of the urban
environment, such as infrastructure, street connectivity and facility provision (Panter & Jones,
2010b; Molina-Garcia, Castillo & Sallis, 2010; Titze et al., 2008). According to a review by Heinen
et al. (2010), cyclists prefer to cycle in environments in which cycle infrastructure is continuous
and on roads with no car parking, and the preference is for dedicated infrastructure that implies
as few stops as possible. However, they do not draw conclusions as to whether the presence and
continuity of cycle infrastructure leads to more cycling or not. Results from the iConnect study

(Ogilvie et al., 2011, 2012) show that new walking and cycling infrastructure, while not having a

46



noticeable effect on mode shift from car to walking and cycling (Brand, Goodman & Ogilvie, 2014)
did have an effect on overall levels of physical activity (particularly among non-car users)
(Goodman, Sahlgvist & Ogilvie, 2014; Sahlqvist et al., 2013), although the infrastructure primarily

attracted existing walkers and cyclists of higher socio-economic levels (Goodman et al.,, 2013).

Some studies highlight the importance of cycling facilities such as cycle parking and showers. In
their international review, Pucher, Dill & Handy (2010) highlight previous studies that showed
shower facilities to have a significant impact on cycling to work. In another relevant review,
Heinen, Maat & van Wee (2013) found that previous studies indicated that the presence of cycling
facilities, such as showers and changing rooms, makes cycling more attractive. Buehler (2012)
found that cycle parking and showers for cyclists were both related to higher levels of cycle
commuting, even when controlling for other explanatory variables. Moreover, the odds for cycling
to work were greater for employees with access to both showers for cyclists and cycle parking at
work compared to those with just cycle parking, but no showers at work (Buehler, 2012), this
was in line with previous studies assessing different packages of measures to promote cycling to

work (Wardman, Tight & Page, 2007).

A Spanish study (Mufioz, Monzon & Lois, 2013) included parking at both origin (home) and
destination (which includes work amongst other destinations), finding that safe parking at home
was the most important perceived behavioural control factor, followed by physical fitness and
safe parking at destination. This seems to indicate that the importance of cycling facilities such as

parking and showers might be even higher than understood so far.

2.2.2.2 Perceived Built Environment

The existence and interaction of psychological and physical motivators and barriers require
further investigation to inform active mobility policies (Panter & Jones, 2010a). For example,
while it might seem most logical to invest in infrastructure such as cycle lanes and parking, some
studies have found that physical barriers may not be the most discouraging to cycle commute
participation (Nkurunziza et al, 2012). Further, it has been stated that influencing personal
perception rather than improving the physical environment itself may be relevant to changing

behaviour (Dewulf et al, 2012).

In comparison to motorised transport passengers, cycle commuters are more likely to report
environmental elements such as aesthetics and air pollution, being these perceptions positive or
negative (Panter & Jones, 2010b). It has been shown that non-cycle commuters perceive more
barriers (and are therefore less motivated) to participate in cycle commuting than individuals of
equivalent status who are already commuting by bicycle (Gatersleben & Appleton, 2007; de Geus

et al., 2008). The perception of ability (self-efficacy) to perform cycle commuting, and therefore
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the degree of participation, may also be influenced by cultural attitudes and road-use education

(Willis, Manaugh & El-Geneidy, 2015).

It is interesting to note how the perceptions of the built environment can include micro-scale
characteristics that are objectively very difficult to measure. In a paper discussing Walkability
Index, Adkins et al. (2012) suggest that “micro-scale built environment characteristics influence
user perceptions of quality”. The evidence that micro-scale environmental attributes have an
impact on cycling behaviour is growing (Mertens et al., 2014; Soltani & Allan, 2006). The results
of these studies indicate that if we measure the subjective perception of the built environment,

we include the influence of the micro-scale built environment characteristics.

Perception of traffic or road safety

As a measure of the perception of the built infrastructure for cycling purposes, perceptions of
safety are specifically relevant (Hull & O’Holleran, 2014). In terms of the relation between traffic
safety and cycling behaviour, both objective and perceived traffic safety have been identified as
crucial determinants of the decision to cycle (Jacobsen, Racioppi & Rutter, 2009; Sanders, 2015).
Nevertheless, perceived (“subjective”) traffic safety is not necessarily correlated with objective

safety (Elvik & Bjgrnskau, 2005).

Perceived traffic risk is consistently cited as a reason why people are reluctant to cycle more or
even at all (Winters et al, 2011; Sener, Eluru & Bhat, 2009). Sanders (2015) explored certain
aspects of the variable and found that high levels of perceived traffic risk negatively influence the
decision to cycle for potential and occasional cyclists, although this influence decreases with
cycling frequency. In addition, cycling frequency seems to heighten awareness of traffic risk,
particularly for cyclists who have experienced “near misses” or collisions. In particular, near
misses were found to be more strongly associated than collisions with perceived traffic risk

(Sanders, 2015).

As such, increasing perceptions of safety is primarily addressed through an effort to promote
cycling. In most cases, increasing objective safety is certainly a necessary part of improving
perceived safety, but it may not necessarily be sufficient. Other factors, such as providing
(potential) cyclists with facilities and opportunities by which to gain positive experiences,
including formal and informal learning and training options; protection from motorised traffic,
such as trails and traffic calmed zones; as well as a general sense of public acceptance, support or
even enthusiasm for cycling may be equally important in influencing the perceived safety of

cycling (Pucher & Buehler, 2008).
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Perception of security or crime safety

Titze et al. (2008) pointed out the need for the inclusion of crime safety in future studies as a
potential relevant factor for cycling. The authors referenced the work of Cerin et al. (2006), in
which the positive relationship found between walking for transport and the crime factor
prompted the inclusion of this factor in the NEWS questionnaire. Despite Titze et al. highlighting
the potential importance of crime for cycling, subsequent studies taking it into account have been

scarce.

One of the first studies to assess perception of crime in relation to cycling was that of Geus et al.
(2008), undertaken in a sample of 343 Flemish adults, though authors did not find any significant
effects. Another of the very few studies analysing crime safety in cycling was published by Van
Cauwenberg et al. (2012). The authors found a relationship between safety from crime and
recreational cycling holds true for both males and females, but only for women in the case of

cycling for transport.

Other studies seem to aggregate items of perception of road safety and perception of crime into
the factor “safety”. This is the case of a study by Winters et al. (2011), who analysed the results of
a survey of 1,402 current and potential cyclists in Metro Vancouver. Of the 73 motivators and
deterrents of cycling that were evaluated, the factor that had the most influence on likelihood of
cycling was safety, followed by ease of cycling, weather conditions, route conditions, and
interactions with motor vehicles. In this case, the factor “safety” aggregated several items,

including “The risk of violent crime when cycling”, which was found to be statistically strong.

Given that there is not much literature exploring crime safety in cycling, it is worth mentioning a
few studies that have looked into objective crime safety and cycling. A study in Amsterdam
(sample of 470 participants, aged 63-70 years old) using crime data from the police, found that
cycling was negatively related to crime rates among both men and women living in low socio-
economic status (SES) neighbourhoods (Kremers et al, 2012). Later, in a study with a broader
sample, Heesch et al. (2014) found that having low levels of crime in the neighbourhood was
associated with utility cycling (p < 0.05) in a sample of 10,233 adults in Brisbane, aged 40-65

years.

Perceived comfort

Most studies assessing comfort compare different types of cycling infrastructure. Studies usually
differentiate between dedicated cycling infrastructure, that is, space reserved exclusively for
cycles, and shared roads or paths, in which cycle traffic mixes with motorised vehicles and/or
pedestrians. Dedicated cycling infrastructure can be physically protected from traffic or just

bounded by road markings. Perception of comfort can vary depending on the type of cycling
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infrastructure. Additionally, different studies define cycle comfort differently, though with a

common inclination to relate it to safety.

Lietal (2012) use the word “comfort” as a generic term reflecting the level of satisfaction a cyclist
gets from using a facility, and introduce two ways in which this has been explored in the literature.
The first is to evaluate the Bicycling Level of Service (e.g. measuring the volume and speed of
vehicles and pavement conditions in an urban streets) and the other is to measure the hindrances
encounter during travelling by bicycle (e.g. number of passing events and path width). The
authors found that slope and high traffic volume, especially from heavy vehicles, but also
including cycle traffic, were negatively associated with comfort, whereas all variables related to

providing more space for cyclists were positively associated (Li et al.,, 2012).

Dill and McNeil (2013) categorised Portland’s cyclists and non-cyclists into four typologies and
focused on the group “Interested but Concerned” to evaluate comfort in relation to a number of
aspects. The group “Interested but Concerned” was assigned to participants who revealed
intention to cycle more in the future. Results showed the need for cyclists to be separated from
road traffic, concern about traffic volume and speed, lack of cycle infrastructure and destinations
nearby, and time constraints as important for the increase of cycling in this group. These elements
seem to be aligned with other findings to date. This study included many other aspects, such as
clothing, helmet wear, presence of rain and darkness but they did not present results for all
typologies. Even if they had, it would have been difficult to compare these aggregated categories

to those in other studies.

In their study, Dill et al. (2014) explored gendered perceptions of several types of cycling
infrastructure. They found that protected lanes were perceived to be more comfortable than
unprotected lanes by both men and women, but women'’s level of agreement was stronger than
men’s. The authors stated that, “safety and comfort are related, but different concepts” and found
that signals, signs, and streets markings were also important, especially in order to make it clear

who has the right of way at intersections.

Unlike the previous authors, Hull and O’Holleran (2014) emphasise that “Comfort goes hand in
hand with safety” and consider cycling to be comfortable when “The cycle infrastructure allows
cycle traffic to circulate smoothly e.g. flat, smooth pavement, minimum of inclines”. This study
used a detailed template to benchmark the Level of Service provided to cyclists in six case study
cities in the Netherlands and the United Kingdom and concluded that safety, comfort and

continuity were the most important factors in the design of cycling infrastructure.
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2.2.3 Social environment and cycling

An individual’s Social Environment is defined as one’s living and working environments and
community characteristics and can be “experienced at multiple scales, often simultaneously,
including households, kin networks, neighbourhoods, towns and cities, and regions” (Willis,

Manaugh & El-Geneidy, 2015; Barnett & Casper, 2001).

This thesis focuses on the Social Environment constructs that the PASTA project featured in its
survey: Social Norms and Social Support. There is some confusion in the literature around the
definitions of the different constructs related to the social environment. The possible
explanations for this are numerous; different behavioural theories define and use constructs in
different ways, and papers might use one or several of these theories to compose their conceptual
frameworks, mixing constructs and their definitions. Moreover, constructs need to be turned into
statements in order to elaborate quantitative or qualitative studies (e.g. questions for surveys or
interviews), and these questions vary considerately (see 3. Materials and methods). Furthermore,
some studies aggregate some of the factors into one variable to use in the modelling, which makes

it difficult to differentiate the effects of each of the constructs.

This section discusses Social Norms and Social support in detail, first discussing the evolution of
the constructs and then moving on to discuss the literature pertaining to the construct and

cycling.

2.2.3.1 Social Norms

A social norm is what people in a specific group believe to be normal in the group, that is,
behaviour that is believed to be a typical action, an appropriate action, or both (Paluck et al,
2010). Paluck and co-authors’ (2010) definitions are based on the work of Cialdini and Prentice
(e.g. Cialdini, 2009; Prentice, 2008) from which they note that an individuals’ drive to fit in with
their group is the starting place for understanding the power of Social Norms. That is to say, an
individual’s longing to be approved by others can be used to be a key motivator of behaviour

change (Allcott, 2011).

In a study in two German cities, Bamberg et al. (2007) concluded that Social Norms had a large
impact on people’s intention to use public transport. This work highlighted the importance of

understanding how Social Norms influence mobility behaviour.

There are two major types of Social Norms. One type of Social norm is a Descriptive norm or the
perception of “where the group is”. A Descriptive norm identifies the typical attitudes or
behaviours of the group. The second type is an Injunctive norm, or the perception of “where the

group should be”. An Injunctive norm identifies the desirable attitudes or behaviours of a group.
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Descriptive and Injunctive Norms imply a certain kind of social consensus (Kormos, Gifford &

Brown, 2015; Paluck et al,, 2010).

Although they are often measured together as Social Norms, Jacobson et al. (2011), drawing on
the theory of Normative Conduct (Cialdini, Kallgren & Reno, 1991), illustrated how Injunctive
Norms and Descriptive Norms engage in different psychological response tendencies when made
selectively salient. Other works have underlined that the fact that they are not being studied
independently, makes it difficult to differentiate which of them has more influence on a specific

behaviour (e.g. Garling & Fujii, 2009; Fliichter, Wortmann & Fleisch, 2014).

The Social Norms analysed in this thesis are personal-level perceived Social Norms, that is to say
that they refer to the individual’s belief; as opposed to societal-level perceived Social Norms,
which refers to the popularity and approval level of the behaviour in question in their society
(Park & Smith, 2007). The PASTA project produced survey data and hence relates to the

individually reported beliefs of the respondent.

Descriptive social norm

Descriptive Social Norms are an individual’s perception of what normal behaviour is for
individuals like themselves (Thggersen, 2006). Cialdini et al. (Cialdini, 2009; 1991) state that
Descriptive Norms are relevant in behaviour change as they provide an individual with a source
of information about how they should behave under certain conditions. In questionnaires,
statements for Descriptive Norms are generally observations about whether people cycle or not,

and the statements used tend to be quite homogenous across studies.

For Ogilvie et al. (2011), a Descriptive social norm would be a mediator of behaviour change. This
Social norm would indirectly influence those expected to change, when the change in behaviour
of early adopters may change the social environment’s conduciveness to the uptake of cycling by

others (Ogilvie et al., 2011).

In a study in Madrid (Spain), Mufioz et al. (2013) applied the framework of the TPB to assess the
differences between cyclists and non-cyclists. The Descriptive Norm was assessed for several
groups: young people, family, friends, colleagues and migrants, and asked how much participants
think these groups of people use the bicycle for transport. The authors found that young people
and people in general were the groups perceived to be cycling the most, whereas family were

perceived to be cycling the least.

Goodman et al. (2014) carried out research on the Bicycle Sharing Scheme (BSS) in London and
identified that a barrier to individuals cycling was the perception of who would normally cycle.

The study noticed that the specialist clothing that individuals saw cyclists wearing resulted in
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perceptions of cycling being a sporty activity and not something that people like them would do.
In contrast, however, the authors did find that the BSS encouraged individuals to cycle for

transport around London.

Goodman et al. (2014) conceptualise the “normalisation” of a behaviour. If this concept were
analysed from a behaviour change perspective, it would be related to Descriptive Social Norms.
This would be in line with previous research indicating that seeing other people cycling could be
crucial in encouraging individuals to try out cycling themselves (Fishman, Washington &
Haworth, 2012) and that this applies particularly if the people seen cycling are ‘people like

yourself’.

Goodman et al’s (2014) research shows that Descriptive Social Norms can be targeted in order
to move people from the Pre-contemplation stage of the Transtheoretical Model to the
Contemplation stage where, as they have seen individuals like themselves cycling, they
themselves believe that they can cycle. This claim would be supported by Bamberg et al.’s work
(2011), in which authors suggest that the key to encouraging individuals to change their
behaviour is making desired Social Norms more salient during the early stages of behaviour

change interventions.

Injunctive norm

In contrast to Descriptive Norms, which specify what is done, Injunctive Norms specify what
should be done. Injunctive Norms are the perception of whether the behaviour receives approval
or disapproval by others (Thggersen, 2006). They constitute the moral rules of the group and
they motivate action by promising social rewards and punishments (informal sanctions) for a

specific behaviour (Reno, Cialdini & Kallgren, 1993; Cialdini, Kallgren & Reno, 1991).

In the Theory of Planned Behaviour, the only one of these Social constructs included in the
original formulation of the theory was Subjective Norms (Ajzen, 1991). Ajzen’s definition of
Subjective Norms was “the perceived social pressure to perform or not to perform the behavior
sic]”. That same year, Cialdini et al. (1991) published their definition of Social Norms, which
included Injunctive and Descriptive Norms. For Cialdini et al. (ibid.), Injunctive Norms were
norms that characterize the perception of what most people approve or disapprove. Later on,
Subjective Norms were sometimes viewed as some kind of Injunctive Norm (e.g. Lapinski and
Rimal, 2005). Injunctive Norms were missing from the first elaboration of the TPB by Ajzen in
1991, but perhaps influenced by other publications, he later modified his theory to include them
(Ajzen & Fishbein, 2005). As will be discussed below, cycling studies such as that of Mufioz et al.
(2013) have used the updated TPB framework, using Subjective Norms (which can be assimilated

to Injunctive) and Descriptive Norms.
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Other views of these constructs coexisted in the literature applying or discussing the TPB. For
example, Thggersen’s (2006) views were that Subjective Norms should actually be included as a
type of Injunctive Norm. Conversely, some studies more directly related to cycling did not
differentiate between the two constructs (Subjective Norms and Injunctive Norms) at all. In some
situations the authors explicitly combined the two types of norm (Eriksson & Forward, 2011) and

in others it was simply implied (Forward, 2014).

Park and Smith (2007) recognised this indiscriminate use of Subjective and Injunctive Norms in
the literature, but they clarified the difference between them: “subjective norms (i.e., perceptions
of important others’ expectation for a given individual’s behavior sic]), personal injunctive
perceived norms (i.e., perceptions of important people’s approval of a given individual’'s behavior

sic]”. The authors (ibid.) suggested that empirical tests were needed to answer whether, in a
particular domain (they used the example of organ donation), these constructs were distinct from

each other or not.

The confusion between Injunctive and Subjective Norms (Lapinski & Rimal, 2005; Thggersen,
2006; Eriksson & Forward, 2011; Forward, 2014) might be caused by the difficulty differentiating
judgemental statements from social expectations. For the purpose of this thesis judgemental
statements were defined as Injunctive Norms statements and social expectations as Subjective

Norms.

In this thesis, the term ‘Injunctive Norms’ is used to refer to one of the two types of Social Norms
described by Cialdini et al. (1991) and is equivalent to the Personal Injunctive Perceived Norms,
defined by Park and Smith (2007). Statements for Injunctive Norms explore social approval and

usually ask for the respondents’ judgement of whether cycling is perceived as being good or bad.

Please note from now on, this section will use the definition of Injunctive Norms provided above,
rather than the name of the construct used in each of the cited papers, as this has proved to be

confusing in the literature.

Cycling behaviour literature has not paid much attention to Injunctive Norms, many of the studies
referenced for the other factors do not include them. Those studies including them often use the
TPB and refer to them as Subjective Norms or use both construct names indistinctively (see

introductory text to section 2.2.3.1).

Muioz et al. (2013) asked how much other people would agree with the participant taking up
cycling. In this study, the Injunctive Norm to commute by bicycle only appeared to be statistically
significant between bicycle users. The construct was assessed in a disaggregated way, between

family, friends and colleagues, and found that family agreeing with the decision to cycle had the
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most impact. In the previous section, it was mentioned that family was perceived at the social
group that cycled the least in this same study, which unveils an important target group to address

cycling promotion policies.

Forward (2014) applied the TPB, and compared it to the TTM, in a study that is very relevant to
this thesis. The author measured the Injunctive Norm by asking the participants about the
acceptability of their cycling according to the perceptions of three groups of significant others:
partners, friends and colleagues. The author also measured attitudes, perceived behavioural
control, descriptive norms, intention and habit. Of all these factors, Injunctive Norms were the
most important, followed closely by habit. Injunctive Norms were increasingly significant in the

Stages towards Preparation and stayed high in Action and Maintenance (Forward, 2014).

2.2.3.2 Social support

Social support is understood to be part of Social Influence (Gabriele et al, 2005; Sherwin,
Chatterjee & Jain, 2014) and is generally separated from (and often compared to) Social Norms
(Ball et al, 2010). Statements exploring Social support ask, amongst other things, about
encouragement (Ball et al, 2010; Titze et al., 2008; Sallis et al., 1987). These statements are often
formulated to reflect the extent to which the respondent believes either that other people think
they should/ought to behave in a specific way or that people encourage them to cycle. The
“should/ought” premise could also be understood as an expectation and be used to assess
Subjective Norms, but in this thesis this premise was labelled Social Support, in order to avoid
confusion with Subjective Norms (E.g. as seen in Willis, Manaugh & El-Geneidy, 2015). Also,
premises asking about encouragement are not clear in the way this encouragement is performed,

for which reason it might help interpretation if a more specific statement is used.

Social Support is the provision of aid and assistance through interpersonal exchange and
relationships. It can come in various forms such as emotional, motivational, instrumental, and
informational support (ibid.). These forms can be categorized into two types: indirect or
intangible (e.g., encouragement, discussion of the importance of a specific behaviour), and direct
or tangible (e.g., watching or being active with the person) (Brunet et al, 2014; Sherwin,

Chatterjee & Jain, 2014; Beets, Cardinal & Alderman, 2010; Beets et al., 2006).

Barrera (2000, 1986) also differentiates between perceived Social Support, which is essentially
the belief or faith that support is available from network members; and actual support, its
mobilization and expression. This thesis will focus on the PASTA survey questions related to
perceived Social Support, specifically on encouragement, which was included in Sallis et al’s

measurement scale for social support (1987). Webb and Sheeran (2006) performed a meta-
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analysis of factors influencing behaviour change and they found that, within a wide range of

factors, the effect size of encouragement was second only to that of incentives.

Barrera (1986) also noted that, depending on the study's purpose, it could be important to
identify the sources of support in terms of different categories of social ties with people (e.g.,
family members, friends, neighbours), (Gottlieb & Bergen, 2010). In cycling studies it is common
to find questions related to family and friends support, addressed either separately (Titze et al,

2008) or together, as “people important to you” (Ma & Dill, 2015).

for cycling and walking among working-aged men in the country, particularly close family, but
also friends. The results of this study also suggested that when people live in a setting with
adequate cycle infrastructure, individual determinants such as the psychosocial (which include

2008).

The relationship between Social Support and other cycling behaviour factors has not been
sufficiently explored, although there are some studies offering some light. Using a mailout
questionnaire completed by 620 people in Sweden, Eriksson and Forward (2011) found that
although many respondents believe their friends and family would support them cycling, they did
not have strong Descriptive Norms for cycling (i.e., their friends and family do not themselves

cycle for transportation).

2.3 Conclusions from the literature review

While applications of the TTM in the context of cycling are relatively new, the Stages of Change
approach to describing, understanding and targeting behaviour change seems to show particular
strengths for the evaluation of the built and social environment in relation to cycling for transport.
Rather than considering cycling as a binary modal choice (to cycle or not to cycle) that changes
from one day to the other, a more subtle approach would be to consider changes in behaviour as
a gradual process, rather than as an event. By including an analysis of behavioural stages, such an
approach could shed some light on the characteristics of people in each of the Stages of Change,

and on what influences their affiliation to a particular Stage.

The Theory of Planned Behaviour highlights three components that might have an influence in
behaviour change; Social Norms would influence the Intention, which eventually would lead to a
behavioural response. As TPB shares some of these elements with TTM, the combination of both

would offer a comprehensive approach to assess cycling behaviour change.
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In line with SEM, the different systems could be taken into account, thanks to the available
information in the PASTA project: the individual characteristics of the microsystem could be
incorporated into the analysis as Socio-Economic Status variables; the mesosystem of
interpersonal relations could be captured through the Perceived Social Environment variable of
Social Support; the exosystem or community level could be integrated through the Perceived
Social and Built Environment variables; the macrosystem could be represented by the Objective
Built Environment indices and the geographical City variable, which is further documented with
the context information provided in the Study Area Section. According to the SEM, each of these

levels is expected to affect people’s psychology and behaviour.

The literature is not conclusive about the impact of SES factors on cycling behaviour. Each of these
SES factors seem to carry a significant level of complexity that advises against focusing too heavily
on them. Nevertheless, there seems to be consensus in the literature that these factors are
relevant for cycling behaviour and thus it be argued that they need to be controlled for in the

models.

Finally, the studies that have been referenced in this review were based in different cities.
Accounting for the location would help capturing Objective and Perceived environmental

characteristics that are not in the models.
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3 MATERIALS AND METHODS

This thesis was developed within the framework of the PASTA project which had its own prior
study design (Dons et al, 2015), based on a complex and comprehensive conceptual framework
(Gotschietal,2017),and collected a wide range of data over the lifetime of the project (November
2013 - November 2017). The PASTA Baseline Questionnaire of the online survey (November

2014 - December 2016) is the primary data source used here.

The PASTA project survey featured behavioural questions related to, amongst other things,
transport and health (Dons et al.,, 2015). The project deliberately oversampled active travellers,
to ensure a large enough population to produce statistically sound estimations about this
population group. The sample allowed for a cross-sectional inferential analysis. This modelling
exercise produced the core results of this thesis: the environmental correlates of the Stages of

Change towards cycling for transport.

Originally, the intention was to undertake a longitudinal analysis with the specific purpose of
assessing transitions between the Stages of Change. However, in spite of the recruitment efforts
(Gaupp-Berghausen et al,, 2019), the sample did not allow for an inferential longitudinal analysis

of sufficient statistical strength for this purpose.

The following flowchart summarises the study’s research design and the different steps taken.

These are described in this chapter:

Conceptual Framewaork

v

'

Data collection (Survey open)

v

Data cleaning, preparation and exploration

v

(S W S— . —

Stud!,r planning
Survey Ethics Recruitment
design Approval strategy

e T
Variable selection and preparation Descriptive
J' Statistics
Selection of the type of statistical model ]
v —smmg——-
Modelling (see Modelling Flowchart) Inferential
Statistics
Figure 6. Sequence of research design, data collection and analyses
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Details regarding the materials used in this study, mainly data from the European PASTA project,
are found in Section 3.1. The conceptual framework that has shaped the research design in this
thesis is described in Section 3.2 and is applied to produce the unique definition of the Stages of
Change that has been used. The main methodological developments are related to the modelling

exercise, detailed in Section 3.3.

3.1 PASTA Project study design

The background information on the PASTA project can be found in Section 1.1. The following
sections provide details about the European project as a source of the materials, specifically of
the survey data. The primary data used in this study was produced through an online
questionnaire that was part of a broader survey in the PASTA project (Section 3.1.1). The
recruitment strategy is particularly useful to understand the characteristics of the sample
(Section 3.1.2). Finally, details of the ethical approval of the PASTA survey are included (Section
3.1.3).

3.1.1 Survey design

The PASTA survey protocol was published by Dons et al. (2015), a paper on which I am a co-
author. In brief, the PASTA survey used a longitudinal design, with a comprehensive baseline
questionnaire, frequent follow-up questionnaires of two types (shorter and longer) and a final
questionnaire. The questions were developed in English and then translated into Dutch, Swedish,
[talian, German, Spanish and Catalan; I led the translation to the last two Iberian languages. The
initial baseline questionnaire took approximately 30 minutes to complete and collected key socio-
demographic, individual, household, health, attitudinal, behavioural and other variables that
identified the person and provided information about their social context. The questions on
frequency of use of different modes and the Global Physical Activity Questionnaire - GPAQ (WHO,
2019) gathered information on mobility and physical activity habits. A one-day travel diary
captured detailed information about the trips the participant had made the previous day in detail

(Raser et al, 2018).

Thirteen days after completion of the baseline questionnaire, a short follow-up, five-minute
questionnaire was sent to the participants asking about their physical activity and travel
behaviour in the preceding seven days. The third follow-up questionnaire also included a one-
day travel diary and took about 10 minutes to complete. If the participant reported having had a
crash whilst using active mobility in one of the follow-ups, this prompted an additional crash
questionnaire asking about crash circumstances, location, causes, injuries and other

consequences. See Figure 7 for a representation of the survey questionnaires flow chart.
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FU: Follow-up; Q: Questionnaire; Qs: Questions; PA: Physical Activity; Travel-D: Travel Diary, Socio-d:
Socio-demographics; GPAQ: Global Physical Activity Questionnaire.

Figure 7. Questionnaire flow chart of the PASTA survey. Source: adapted from (Dons et al.,, 2015).

Participants were recruited on a rolling basis and could join any time between November 2014
and November 2016. In November 2016 the Final Questionnaire was launched and was available

to participants until December 2016.

The PASTA questionnaires are available on the project website:

https://pastaproject.eu/fileadmin/editor-upload/sitecontent/City survey/PASTA-

guestionnaires.pdf.

3.1.2 Recruitment strategy

Our work in Gaupp-Berghausen et al (2019) offers an overview of the PASTA project recruitment
strategy. I participated in the design and implementation of this, including the local stakeholder
engagement. The recruitment in London included a specific communication strategy for the
London Borough of Newham. The borough was a partner of the PASTA project and their
participation required an oversampling of population of that area, where Olympic legacy
regeneration plans were expected to be put in place. An on-street furniture communication
campaign was combined with rewarded computer sessions in the local community hubs, in order
to reach lower income population, population with lack of computer access and literacy, language
issues and ethnic minorities. This approach to recruitment made the sample more representative
of the local community. As part of the opportunistic methods, a stakeholder engagement
programme helped with disseminating the survey to relevant groups and institutions, which
included Transport for London, the London Development Corporation, Sustrans, Living Streets,
Active Newham and other. The fact that it was possible to use resources of the project for a more

intense recruitment strategy in this borough contributed to the representativeness of the sample
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and resulted in London having a comparable sample size to the rest of the CSC in the project. As
a representative of the other London-based partner, Imperial College London, | was part of the

team that drafted and co-ordinated the local recruitment strategies.

In order to maximise the strengths of the study and to minimize the weaknesses a combination
of different opportunistic recruitment methods was applied across the case-study cities. A
standardized guide on recruitment strategy was developed for all cities in order to reach a
sufficient number of participants and to ensure that participants were recruited across all cities
by using the same methods, which included press releases, consistent design of promotional
materials, translation of promotional materials to local languages, close collaboration with local
stakeholders networks to distribute information, promotion of the study through social media
and participation incentivisation through a prize lottery (except in the case of Orebro where
lotteries were not permitted and compensated with applying a random sampling approach, using

the resources of an existing project).

Participants were required to be of at least 18 years of age, except for in Zirich, where the
minimum age was 16 years. The survey oversampled cyclists to ensure sufficient statistical power

for analysis in cities with a low bicycling mode share (Raser et al., 2018).

3.1.3 Ethics

For each partner city the relevant permission to collect, store and process data was obtained from
the local ethics committees in the countries where the work was conducted and sent to the
European Commission before the launch of the survey. The following committees approved the

study:

e The ethics board of the University Hospital of Antwerp (Belgium) on October 20, 2014

e The Clinical Research Ethics Committee of the Municipal Health Care System (Barcelona
- Spain) on October 1, 2014

e The Imperial College Research Ethics Committee (London - UK) on November 20, 2014

e The regional ethical board, situated at the University of Lund (Orebro - Sweden) on April
9,2015

e RSM - Roma Servizi per la Mobilita and the Air Quality Commission of Roma Capitale
Administration (Rome - Italy) on November 24, 2014

e The Austrian Data Processing Register (Vienna - Austria) on September 26, 2014

e Kantonale Ethikkommission Ziirich (Switzerland) on October 28, 2014

For Imperial College London, I prepared and submitted the Ethics submission for the core

module. The focus of this was on data handling and privacy in relation to the survey.
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The protection of personal data is defined by national legislations and the European Directive,
which changed during the project: the EU General Data Protection Regulation (GDPR) replaced
the Data Protection Directive 95/46/EC on the protection of individuals with regard to the

processing of personal data and on the free movement of such data.

The identity of participants is kept strictly confidential and stored securely in one place for all
cities. Names are replaced by unique identifiers to anonymize the information. All participants

had to agree explicitly to the conditions before registration. Data are strictly for scientific use.

The data used for these analyses is securely stored by the partner VITO (Belgium) and is in full

compliance with current regulations.

On enrolment, participants registered on the PASTA website and gave informed consent through
a Participant Information Sheet that introduced the PASTA survey (see p.2 of the PASTA survey

https://pastaproject.eu/fileadmin/editor-upload/sitecontent/City survey/PASTA-

questionnaires.pdf).

3.2 Conceptual framework

This thesis focuses on understanding the influence of the environment on cycling behaviour. The
literature review highlights the need to improve the evaluation of the impact of the built and
social environments on cycling behaviour. Contextual aspects have also proved to be important

to understand the environment influences cycling behaviour.

The conceptual framework of this thesis is framed by the European PASTA project conceptual
framework. The following sections summarise the PASTA conceptual framework (Section 3.2.1),
presents the selection of factors used for this thesis’ conceptual framework (Section 3.2.2) and
adapts the key operational concept used to measure behaviour change, the Stages of Change

(Section 3.2.3).

3.2.1 The PASTA framework

The PASTA project conceptual framework is detailed in a paper by Gotschi et al. (2017) (see
Figure 8):
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This framework was applied to the design of the PASTA project online survey, which is the
primary data source that has been used in this thesis. See Section 3.1.1 for more details about the

survey.

3.2.2 Selected factors from the PASTA framework

The PASTA project conceptual framework acted as an overarching framework for this thesis. The
following figure simplifies and highlights the relevant components of the PASTA framework that

are used in the conceptual framework of this thesis:
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Figure 9. Selected factors from the main PASTA framework relevant to this thesis. Based on

Gotschi et al (2017)

When exploring the associations between the built environment, social environment and
personal factors and cycling as a mode of transportation, Titze et al. (2008) considered that
“ecological models specify that physical environments, social-environments, and personal-level
attributes may influence health behaviour.” They further elaborate that ecological models are
used to explain the complex array of factors that influence physical activity, resulting in greater

emphasis on environmental correlates. The assumption is that behaviour can be better predicted
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when there is greater correspondence between a specific behavioural outcome measure and the
specific environmental and personal variables hypothesized to be associated with that behaviour
(Giles-Corti et al., 2005). Consequently, behaviour-specific and context-specific ecological models
can potentially be useful tools to help measure the influence of the environment on cycling

behaviour.

3.2.3 Diagnosis of the Stages of Change

The Transtheoretical Model of Behaviour Change and the five Stages of Change (Prochaska et al.
1992) are described in detail in Section 2.1.3. The participants of the PASTA survey were
diagnosed into the five different Stages of Change based on their responses to a specific set of

questions that defined each of the stages.

[ participated in the development of the questions used for the diagnosis of the Stages of Change
during the early stages of the PASTA survey design. These questions were based on the literature,
using the original definitions by Prochaska et al (1992) of the Transtheoretical Model of
Behaviour Change and its applications to cycling, as detailed in the Literature Review and further
readings (Heinen, Kamruzzaman & Turrell, 2018; Thigpen, Driller & Handy, 2015; Handy, van
Wee & Kroesen, 2014; Forward, 2014; Driller, Thigpen & Handy, 2014; Thigpen, 2014;
Nkurunziza et al, 2012; Bamberg, 2012; van Bekkum, Williams & Morris, 2011; Gatersleben &
Appleton, 2007).

*Cyclist
*Has not increased lately
*Does it automatically

*Cyclist

*Has increased lately
*Non-cyclist
*Intends to

*Has access ‘_——
/ -
intends to ~~~ Maintenance
*Non-cyclist /Action
*Intends to
*Has no access .
*Non-cyclist Aparation
*Does not intendto/
Aﬂemplation

_-/.

Pre-contemplation

Figure 10. Participants were diagnosed to the Stages of Change based on their responses in the
PASTA Baseline questionnaire.
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As represented in the figure above, there were five variables used in the Stages of Change

diagnosis, all of them coming from specific PASTA survey questions; “Access” (to a cycle) was a

binomial question in the survey, and “Cyclist/Non cyclist” was defined based on the five levels of

frequency of cycle use. The rest of the questions were converted from 5-point Likert scale

answers in the original PASTA questions into 3-point Likert scale answers. The table below shows

the questions from the PASTA survey that correspond to each variable. In some cases, the levels

of the variables were aggregated to facilitate the diagnosis (Table 1).

Table 4. Details of the variables used in the Stages of Change diagnosis.
Variable Question (when applicable) Levels
Original levels Aggregated
Daily or almost daily Cyclist
How often do you currently use each of On 1-3 days per week
Cyclists the following methods of travel to get to On 1-3 days per month
and from places? Less than once per month Non-cyclist
Never
\ h di
Dfzry much disagree Disagree
. [ intend to cycle more ‘for travel’ in the Sagree :
Intention f Neither Agree nor Disagree | n/a
uture Agree
Very much Agree
Access Do you have access to a bicycle (private, Yes
or through a bike sharing scheme)? No
Very much disagree Disacree
Over the last 12 months I have done more  Disagree 8
Increase ‘cycling for travel’ than in Neither Agree nor Disagree | n/a
previous years Agree
Very much Agree
Very much disagree .
L s . : Disagree
Cycling ‘for travel’ is something I do Disagree
Automatic automatically without really thinking Neither Agree nor Disagree | n/a
about it Agree Acree
Very much 5

The six following sections describe each of the variables in detail.

3.2.3.1

The 3-Level Stages of Change

To enable tractable modelling, the five levels of the Stages of Change were aggregated to three:

e Pre-contemplation,

e Contemplation-Preparation and

e Action-Maintenance.

This response variable simplification aimed to make the modelling parsimonious without

compromising the informative quality of the results. A binomial variable was considered to
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provide too much simplification, a 3-level variable allowed the data to be simplified while still

providing an understanding of the different Stages of Change of the PASTA population.

The simplification from the five or six (including Relapse) Stages of Change described by the TTM
general literature into three levels is common in studies applying this model to cycling for
transport, for example in the assessment of the change in commuters’ habits undertaken by
Shannon et al. (2006). More recently, Heinen et al. (2018), used the same aggregation as this
thesis, from five into three levels, to explore correlates of stages of change in the use of the

Brisbane bicycle-sharing scheme. In this study, they defined the three stages in this way:

e Pre-Contemplation: Individuals who had never used the BSS and who did not intend to
use it in the future.

e Contemplation and Preparation: Individuals who had never used CityCycle, but who
intended to use the scheme in the future, either occasionally or regularly.

e Action and Maintenance: Individuals who had used CityCycle (irrespective of future

intentions).

The simplification of the five levels in three also responded to the conceptual adaptation of the
TTM to cycling for transport. The blend of the two stages Contemplation and Preparation was
motivated by the shared characteristic of individuals in these stages, the intention of cycling for
transport in the future, which is a major psychological difference with Pre-contemplators. Action
and Maintenance were both stages in which the behaviour of interest is considered to be in

practice; individuals are effectively cycling for transport.

Figure 10 presents the responses to the questions that were used to define and diagnose the five
different Stages that were then simplified into three, as shown in Figure 11. In this study, the

simplification of the levels of the Stages of Change can be understood as follows:

e Pre-contemplation: “Not thinking about cycling”
e Contemplation-Preparation: “Thinking about cycling”

e Action-Maintenance: “Cycling”

Pre-contemplation and Contemplation-Preparation Stages might also be referred to as pre-Action

Stages in this study.
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*Cyclist
*Has not increased lately
*Does it automatically

*Cyclist
*Has increased lately
*Hasaccess . T

*Non-cyclist
*Intends to
*Has access

*Non-cyclist

*Intends o .

*Has n6 access ------------------------

. .y Action-Maintenance: “Cycling”

Non-cyclist Aparatlon,i yeling
*Does not intend to ]

""""""""""""" /ontemplatlon

Pre-contemplation: “Not thinking about cycling”

Figure 11. Simplification of the Stages of Change into three levels.

From this point onwards Stage(s) of Change refers to this simplified 3-Level approach unless

stated otherwise.

3.2.3.2  The definition of cyclists and non-cyclists

The definition of the items “Cyclists” and “Non-cyclists” featured in the diagnosis of the Stages of
Change was based on the concept of cycling for transport, in which people cycle one or more times
per week. This binomial definition of cyclist was chosen because it was intended to identify

participants who exhibited behaviour that indicated regular bicycle use for transport.

For mobility purposes, a cyclist had to cycle at least once a week to be defined as such, so “Cyclists”
were those participants who cycled once a week or more and “Non-cyclists” were those who
cycled less than once a week. This definition was based on the question “How often do you

currently use each of the following methods of travel to get to and from places?”.
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How often do you currently use each of the following methods of travel to get to and from places? @ more info

Daily or almost daily on 1-3 days per week on 1-3 days per month Less than once per month Never Don't know
Walk ®
Bicycle ®
Electric bicycle (O]
Motorcycle or moped ®
Public transport (O]
Car or van (O]

Figure 12. Screen capture of the PASTA survey question that was used to define “Cyclists” and

“Non-cyclists”.

The answers for each of the “methods of travel” included five levels of intensity (Daily or almost
daily, On 1-3 days per week, On 1-3 days per month, Less than once per month, Never) (Figure
12). Subjects in the two higher levels of ‘Bicycle’ travel intensity were assigned to “Cyclists” and
the others to “Non cyclists” (Table 3). This definition of Cyclistis in line with those of other studies
such as Park and Akar (2019), Maldonado-Hinarejos et al. (2014) or Sisson and Tudor-Locke
(2008). This simplified binomial variable that was then used for the diagnosis of the Stages of
Change (Figure 10).

Table 5. Baseline questionnaire question for the frequency of cycling and the binomial
variable for cycling as transport derived from it.

PASTA Question:

Binomial simplification for cycling as
How often do you currently use each of the following transport
methods of travel to get to and from places? (Bicycle)

Daily or almost daily

Cyclist
on 1-3 days per week
on 1-3 days per month
Less than once per month Non-cyclist

Never

Cyclists were diagnosed as being in Action or Maintenance stage of the five Stages of Change and
Non-Cyclists were diagnosed as being in the Pre-contemplation, Contemplation or Preparation

Stages.
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3.2.3.3 Intention to cycle in the future

All participants were asked about their intention to cycle in the future was included in the PASTA
questionnaires using the affirmatory statement “I intend to cycle more ‘for travel’ in the future”,

answered through a 5-point Likert scale, as shown in Figure 12.

The 5-point Likert scale was converted into a 3-point Likert scale. The two positive points of the
5-point Likert scale (Very much agree and Agree) were assigned to Agree, and the two negative
points (Disagree and Very much disagree) were assigned to Disagree. Responses on the neutral

point were not relevant and were not aggregated.

Do you agree with the following statements ..

Very much disagree Disagree MNeither agree nor disagree Agree Very much agree

I intend to cychke more for travel in the future - 9] 9] Q 1§

Figure 13. Screen capture of the PASTA survey question that was used to define intention to cycle
in the future.

The participant’s response regarding their intention to cycle was used to diagnose them into
either Pre-contemplation stages (“Does not intend to” in Figure 10) or Contemplation and

Preparation (“Intends to”).

3.2.3.4  Access to a bicycle

The question about access to a bicycle included both the possibility of having access to a bike-
sharing scheme or private ownership of a bicycle “Do you have access to a bicycle (private, or

through a bike sharing scheme)?” (Figure 14).

Do you have access to a bicycle (private, or through a bike sharing system)?

® Yes
) No

Figure 14. Screen capture of the PASTA survey question that was used to define the access to a
bicycle.

People in Contemplation stage were defined as not having access to a bicycle, whereas people in

Preparation and Action stated that they had access (Figure 10).
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3.2.3.5 Increasing the levels of cycling over the previous 12 months

The question to find out if participants had increased their levels of cycling over the previous 12
months was included in the PASTA questionnaires with the affirmatory statement “Over the last
12 months I have done more ‘cycling for travel’ than in previous years”, answered by a 5-point

Likert scale (Figure 15).

The 5-point Likert scale was converted into a 3-point Likert scale. The two positive points of the
5-point Likert scale (Very much agree and Agree) were assigned to Agree, and the two negative
points (Disagree and Very much disagree) were assigned to Disagree. The neutral point remained

the same.

Do you agree with the following statements ...

Very much disagree Disagree Neither agree nor disagree Agree Very much agree

Cver the last 12 months | have done more cycling ‘for travel' than in previous years. -

Figure 15. Screen capture of the PASTA survey question that was used to define increasing levels of
cycling over the last 12 months.

Participants agreeing with having increased the level of cycling were identified as being in Action
stage, whereas people in Maintenance did not agree with having increased their cycling levels

lately (Figure 10).

3.2.3.6  Cycling is done automatically

The question to define whether participants cycled automatically was included in the PASTA
questionnaires with the affirmatory statement “Cycling ‘for travel’ is something I do automatically

without really thinking about it”, answered by a 5-point Likert scale as shown in Figure 15.

Again, the 5-point Likert scale was converted into a 3-point Likert scale. The two positive points
of the 5-point Likert scale (Very much agree and Agree) were assigned to Agree, and the two
negative points (Disagree and Very much disagree) were assigned to Disagree. The neutral point

remained the same.

Do you agree with the following statements ...

Very much disagree  Disagree  Neither agree nor disagree  Agree  Very much agree

Cycling 'for travel is something | do automatically without really thinking about it. ® e} O O 8]

Figure 16. Screen capture of the PASTA survey question that was used to define whether
participants cycle automatically.
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According to the proposed diagnosis of the Stages of Change, only people in Maintenance stage

agreed with cycling automatically (Figure 10).

3.3 Modelling the correlates of the Stages of Change of cycling for transport

As Koglin and Rye (2014) argued already a few years ago, there was a lack of modelling for cycling
mobility that is critical to understand the marginalisation of cycling policy and planning: “if this
gap could be filled, more practical changes for bicycle planning could be triggered because the
case for these practical changes would be stronger”. Koglin and Rye cite the work of Parkin et al.
(2008) as an example on how modelling for cycling was starting to being explored. But it was still
poorly developed in comparison with transport planning in general and planning for motorised
traffic in particular. Projects like the Propensity to Cycling Tool (Lovelace et al, 2017) have

developed in this direction, but cycling modelling still needs more attention and dedication.

The complexity of cycling mobility systems (Macmillan & Woodcock, 2017) and the emerging
availability of interesting big data (Romanillos et al., 2016) might just be two of the reasons for
using modelling in cycling research going forward. Macmillan and Woodcock (2017), for example,
state that: “Establishing robust epidemiological evidence about the effectiveness of interventions
to improve and encourage cycling is limited by methodological difficulties and expense,
reinforcing the importance of modelling for understanding future implications of cycling

policies.”

In this thesis, statistical modelling has been designed and undertaken using the data produced in

the steps described in the previous sections of this chapter, as illustrated in Figure 6.
The results presented in this thesis include:

o Descriptive analysis: all relevant variables are described statistically, in order to identify
variation between groups by City sub-samples and Stages of Change.
o For categorical variables, percentage breakdowns are presented for each level in
each variable by Stage of Change and City.
o For continuous variables the average (mean) and minimum and maximum levels
(age) or Standard Deviation (Walkability and Bikeability) are presented.
o Statistical modelling: regression modelling estimated the relationship between
explanatory variables and a dependent (response) outcome variable. The following

sections provide details of the methods used in this analytical approach.
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In order to achieve the strongest possible statistical power this analysis used data from the PASTA
Questionnaire with the biggest and most socio-economically representative sample: the Baseline

Questionnaire (see our paper Branion-Calles et al., 2019).

All statistical computations, including the descriptive statistics and the regression models, were
performed using the R programming language (R Core Team, 2018) in the desktop mode of the
software RStudio, Version 1.1.463 (RStudio Team, 2018). When a specific computation or
function was undertaken using a specific R package, the individual package citation has been

included.

3.3.1 Multinomial logistic regression modelling

The multinomial distribution arises from situations where each trial has more than two possible

outcome categories. The distribution of counts in the various categories is the multinomial.

Let c denote the number of outcome categories. Their probabilities are denoted by {m, Tz, .. ., Tic},

where %; j = 1. For n independent observations, the multinomial probability that n; fall in

category 1, n; fall in category 2, ..., n. fall in category c, where Zjn; = n, equals
P(ny,n ng) = n—' T L Te
DRz Rl T \nginglaanel) 1 T2 T

Multinomial logistic regression was used in this thesis to model nominal (un-ordered) response
variables with more than two categories or levels. Explanatory variables can be categorical
and/or quantitative. In this case, the response variable was the simplified Stages of Change, with
three levels: Pre-contemplation, Contemplation-Preparation and Action-Maintenance (see
Section 3.2.3.1 for more details). Explanatory variables will be listed and explained in detail in the

next Section.

Logit models for a nominal response variable with three levels, pair each comparison level with
a reference level. In this case, the reference level was Action-Maintenance. The models
simultaneously compared all pairs of levels by specifying the odds of outcome in one level instead
of another (the reference level). The pairs were Pre-contemplation : Action-Maintenance and
Contemplation-Preparation : Action-Maintenance, that is to say comparison level : reference level.
In other words, for each pair, the model produces the log odds that the response is the comparison

level (Agresti, 2007:pp.173-174).

Choosing Action-Maintenance as the reference level in the multinomial model implied that the

coefficients obtained would refer to the likelihood of not being cyclists (either “Not thinking about
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cycling” - Pre-contemplation stage, or “Thinking about cycling” - Contemplation-Preparation

stage) in contrast to being cyclists (identified with the Action-Maintenance stage).
Looking at the underpinning formulas:
Let ] be the number of levels of the response variable, Y (Stages of Change).

J=3 (Pre-contemplation, Contemplation-Preparation and Action-Maintenance)

Let {mi, m,, 3} denote the response probabilities, satisfying %; mj = 1. With n independent
observations, the probability distribution for the number of outcomes of the three levels is the
multinomial distribution. It specifies the probability for each possible way the n observations can
fall in the ] categories. In this case, level ]=3 is the reference level, Action-Maintenance. The log

odds of the reference level are:

lOg <ﬂcomparison level) (1)

7Treference level

Using the level names of the outcome variable in formula (1) for the two pairs of levels, the log

odds that the response falls in Pre-contemplation are:

10g ( 7TPre—coni.“em;olation ) (2)

T4ction—Maintenance

And the log odds that the response falls in Contemplation-Preparation are:

(3

T[Contemplation—Preparation
log

T4ction—Maintenance

The log odds were converted into Relative Risk Ratio (RRR) coefficients to better facilitate
interpretation. RRR are obtained by calculating the exponential function of the log odds produced
by the model. As explained above, RRR were produced for each pair of levels: on the one side, the
RRR of Pre-contemplation against Action-Maintenance (the reference level) and on the other side,

the RRR of Contemplation-Preparation against Action-Maintenance.

3.3.1.1 Selection criteria for the chosen model

The outcome variable is a categorical variable and has three levels. Before establishing this
definition of the outcome variable and selecting a multinomial modelling approach, several
criteria (Agresti, 2007:pp.184, 185) were tested to assess if more parsimonious alternatives were

suitable:
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a) A binomial model could have been applied, but the simplification of the five stages of
change into just two levels was considered inappropriate due to the different nature of
the participants diagnosed as Pre-contemplators in comparison to those diagnosed in
Contemplation and Preparation stages, which at the same time are expected to be
different to participants in Action and Maintenance. It was considered essential as well as
parsimonious to include three levels out of the five original Stages of Change.

b) An ordinal logistic model was also considered, but the Stages of Change variable did not
meet the two required assumptions:

i.  The outcome variable Stages of Change is not considered to be an ordinal
variable. The Transtheoretical Model presents these Stages as following a desired
order, progressing towards a specific behaviour and only contemplates Relapse
after the last Stage, Maintenance (Bamberg, 2016). But this thesis aims at
measuring the influence of the environment in cycling for all Stages of Change, and
this influence can be positive, and make individuals progress towards performing
the behaviour in the later Stages of Change; or there can be a negative
environmental influence, taking them in the opposite direction, away from the
behaviour. The assumption made in this thesis contemplates both possibilities; a
positive and a negative influence of the environment in any given stage,
subsequently creating the logic to keep this variable unordered. By considering
this variable to be un-ordered, it is assumed that individuals could move between
stages in any order, which removes pathway implications.

ii.  The assumption of the proportional odds could not be made in this case: the
effects of any explanatory variables are proportional across the different
categories of the ordinal outcome variable. In other words, it cannot be assumed
that the explanatory variables have the same effect on the odds regardless of the

category of the outcome variable.

3.3.1.2 Components of the maximal model

In multinomial logistic regression, the log odds of the outcomes are modelled as a linear
combination of the predictor variables. Here, the model was fitted with exposure variables within
three groupings: Socio-Economic Status, Built Environment and Social Environment, and the
additional factor “City”. The variables of interest were the Built Environment variables (Observed
and Perceived) and the Social Environment variables (Perceived) (Figure 17) (0), whereas Socio-
Economic variables and City are defined as control variables (their effects are considered

constant) as conventionally found in similar studies.
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Built Environment (BE) Social Environment (SE)

Stages of Socio-Economic .
Change (500) = Stlatus (SES)I <r| city [2F|[  Observed Built Perceived Built op Perceived Social
Environment (OBE) Environment (PBE) Environment (PSE)

| r'—l
1 l ! l l 1 1 I Social Norms

i Social
Employ | Walkability/ ocla

Age Sex " Bikeability* Cyc!e Cha}n‘g‘ing Traffic Crime ¢ fort Support
status T Index parking facilities safety safety Descriptive Injunctive
* Used only in the sensitivity analyses.
Figure 17. Components of the Multinomial Logistic Regression maximal model for the Stages of

Change, adjusting for SES and city and including BE and SE exposures.

Although there were sufficient samples to consider fitting two-way interactions, the inter-
correlation patterns of these variables led to a decision not to include these in the maximal model.
The conceptual framework defined in the Section 3.2.2, explains each of the components of the

variable groups.

Baseline coefficients were established for the factor level ‘Action-Maintenance’ and the model
produced coefficients relative to this for the two other levels: Pre-contemplation and
Contemplation-Preparation (Section 3.3.1). The exponent of the coefficients provided the
Relative Risk Ratio (RRR), and the standard errors were used to estimate the exponential 95%

confidence intervals. Thus, results present the relative influence of each factor or variable.

In all the cases where a question was answered with a 5-point Likert scale (Strongly Agree, Agree,
Neither agree nor disagree, Disagree and Strongly Disagree) it was converted into a 3-point Likert
scale (Agree aggregating Strongly agree and Agree; neither agree nor disagree; and Disagree
aggregating Disagree and Strongly disagree. For this study, the information added by considering
the intensity of agreement/disagreement was not considered relevant. Furthermore, reducing
the five points to three notably reduced the complexity of interpreting such results, making the
model more parsimonious. The neutral point “Neither agree nor disagree” of the simplified 3-
level Likert scale variables was not considered a basis for exclusion and thus preserved as many
participants as possible in the sample. Parameter estimates for RRRs for this point, however, are
not displayed in the results tables, as ‘neutrality’ is not considered meaningful in this analysis.
The baseline reference coefficient point for all these Likert scale variables was “Disagree”, thus
the results tables display difference coefficients for the “Agree” point and the baseline reference

level for each variable is specified therein.
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Table 6.

Details of the variables and their groupings used in the modelling.

Group of Variables
Name of Variable

Question (when applicable)

Levels (reference)

SOCIO-ECONOMIC STATUS (SES)

Age

-Continuous variable, range
[16-88]

Sex

Males (reference)

Females

Employment status

What is your current employment status?

Full-timer (reference)
Part-timer

Student

Unemployed

Income
(For Sensitivity Analysis

only)

CITY

What was your total household income after taxes
during the past 12 months?

Less than 10,000€
10,000€ - 24,999€
25,000€ - 49,999€
50,000€ - 74,999€
75,000€ - 149,999€
150,000€ or more

Antwerp (reference)
Barcelona

London

Orebro

Rome

Vienna

Zurich

BUILT ENVIRONMENT (BE)

OBJECTIVE BUILT ENVIRONMENT (OBE)

Walkability

-Continuous variable, range
[1-10]-

Bikeability

(For Sensitivity Analysis only)

PERCEIVED BUILT ENVIRONMENT (PBE)

Inadequate Parking

Inadequate parking for my bike at home and at my
destinations make it impossible for me to cycle
more

-Continuous variable, range
[1-10]-

Disagree (reference)
Neither Agree nor Disagree*
Agree

Lack of changing facilities

The lack of changing and shower facilities at my
destinations prevents me from using a bicycle

Disagree (reference)
Neither Agree nor Disagree*
Agree

Traffic Safety With your day-to-day needs in mind would you say Disagree (reference)
that cycling “for travel” ... is safe (with regards to Neither Agree nor Disagree*
traffic) Agree

Crime Safety With your day-to-day needs in mind would you say Disagree (reference)
that cycling “for travel” ... is safe (with regards to Neither Agree nor Disagree*
crime) Agree

Comfort With your day-to-day needs in mind would you say = Disagree (reference)

that cycling “for travel” ... is comfortable

Neither Agree nor Disagree*
Agree
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Group of Variables

Name of Variable Question (when applicable) Levels (reference)
SOCIAL ENVIRONMENT (SE)

PERCEIVED SOCIAL ENVIRONMENT (PSE)

Injunctive Social Norm - In my neighbourhood cycling is well regarded Disagree (reference)
Well regarded Neither Agree nor Disagree*
Agree
Descriptive Social Norm - In my neighbourhood it is common for people to Disagree (reference)
Common cycle “for travel” Neither Agree nor Disagree*
Agree
Social Support Most people who are important to me think that I Disagree (reference)
should cycle 'for travel' (that is getting from place Neither Agree nor Disagree*
to place) Agree

*Values for this level not included in the inferential tables

3.3.1.3 Interpretation of results

Relative Risk Ratios (RRR) can be obtained from the exponents of the multinomial logit
coefficients. The RRR of a coefficient indicates how the risk (likelihood) of the outcome falling in
the comparison level (Pre-contemplation or Contemplation-Preparation) compares to the risk of
the outcome falling in the referent level (Action-Maintenance) changes for the variable in
question (UCLA: Statistical Consulting Group, 2020). Applying this to the PASTA survey Likert-

scale questions used in this thesis, this means that the RRRs can be interpreted in several ways:

e An RRR > 1 indicates that the risk (likelihood) of being in one of the comparison levels
(Pre-contemplation or Contemplation-Preparation) relative to the risk of being in the
reference level (Action-Maintenance) increases as the variable increases, for all other
variables held constant. In other words, the more someone agrees with the statement
used for this variable, the more likely they will be in the comparison level. In the case of
continuous variables, such as the Walkability and Bikeability indices, an RRR > 1 indicates
that the risk of being in the Comparison level increases with every unit of increase of the
index score.

e An RRR < 1 indicates that the risk of being in one of the comparison levels (Pre-
contemplation or Contemplation-Preparation) relative to the risk of being in the
reference level (Action-Maintenance) decreases as the variable increases, given that the
other variables in the model are held constant. In brief, the more someone agrees with the
statement used for this variable, the more likely it is that they will be in the reference
level. For the indices, with each increase in the Walkability/Bikeability score, the more
likely it is that someone will fall into Action-Maintenance than the comparison level.

o [f the RRR =1 (or close to 1), it suggests no difference or little difference in risk: the

incidence in the comparison level and in the reference level is the same or very similar.
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An alternative way to look at and interpret these comparisons would be to compute the percent
relative effect, that is, the percent change in the comparison level (LaMorte, 2018; Andrade, 2015).
Basically, we regard the reference level as having 100% of the risk and express the comparison

level relative to that:
e WhenRRR > 1:
% increase = (RRR-1) x 100, e.g. (3.1-1) x 100 = 210% increase in risk.

If we had an RRR of 3.1 for a Pre-contemplation level, that would mean that Pre-
contemplation level would have a 210% increase in risk over and above the risk in the
reference level, Action-Maintenance (which is 100%). In other words, the likelihood of being
in Pre-contemplation is more than twice that of being in Action-Maintenance for that specific

variable.
e WhenRRR<1:
% decrease = (1 - RRR) x 100, e.g. (1 - 0.68) x 100 = 32% decrease in risk.

If we had an RRR of 0.68 for a Pre-contemplation level, this means people in pre-

contemplation would have a 32% reduction in risk.

It is worth noting that, due to the way in which the PASTA survey questions and their answers
were formulated, the interpretation of the RRR needs to account for the fact that the participants
were responding to either a positive or a negative statement. For example, the variable “Comfort”
comes from a positive statement found in one of the PASTA questions answers “Cycling is
comfortable”. Here, positive is understood to be beneficial to the practice of cycling for transport.
The results tables show the RRR related to the “Agree” level of the variables using the Likert scale,
confirming the positivity of such statement. In this case, an RRR > 1 for a positive statement such
as cycling being well-regarded in their neighbourhood (Injunctive Social Norm), would imply that
the more positive people feel about the statement (the more they agree that cycling is well-
regarded), the more likely they are to be in the comparison group (Pre-contemplation or

Contemplation-Preparation).

When the statement is understood to be negative or detrimental for cycling, for example in the
variable “Lack of parking facilities”, an RRR > 1 means that the more negative people feel about
the statement (the more they agree there is a lack of parking facilities), the more likely they are

to be in the comparison group (Pre-contemplation or Contemplation-Preparation).
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Finally, regarding effect sizes, as a rough rule of thumb, RRRs < 0.50 or > 2.0 are considered
‘important’. That is, if the risk is at least halved, or more than doubled. Note that we are not
speaking about statistical significance, but rather importance, which means the thresholds could

vary depending of the outcome studied (Streiner & Norman, 2012).

3.3.2 The explanatory variables

The variables are presented in different groupings (0): one variable for the Objective Built
Environment (either Walkability or Bikebility when available); five variables for Perceived Built
Environment, two related to cycling facilities (Inadequate Parking and Lack of Changing
Facilities), two related to safety (Traffic Safety and Crime Safety) and Comfort; and three variables
for Perceived Social Environment, two for Social Norms (Injunctive and Descriptive Social Norms)

and Social Support; all of which are now explained in more detail.

3.3.2.1 Socio-economic status variables

The explanatory variables were selected from the socio-demographic questions featured in the

Baseline Questionnaire. They were previously described in detail in 0.

3322 City

Differences were expected between the seven sampled cities in many of the variables. Although
it could have been considered a random effect, the decision to keep “City” as a fixed effect was
based on several reflections: the factor levels are informative (Crawley, 2013); they are
interesting in themselves (Gelman, 2005); and they do not represent a random sample of all cities
and so we are only interested in those levels (the seven case-study cities) (Utts, 2013). Moreover,

having only fixed effects contributed to the parsimony of the model.

The association between exposure and outcomes varies in the different cities featured in the
sample (Figure 21). In this case, the possibility of “City” being a moderator (effect modifier) needs
to be considered. According to the literature, a stratification is used to explore whether the effect
differs for each of the levels of a variable (Bauman et al., 2002). This sensitivity analysis has

produced seven different models, one for each of the seven city samples.

3.3.2.3  Objective measures of the built environment

The construction of the Walkability Index has been adapted from the template proposed by the
International Physical Activity and the Environment Network (IPEN) study featured in the paper
by Adams et al. (2014). The IPEN study of adults (see http://www.ipenproject.org) aimed to

measure the full range of variation in the built environment using geographic information

systems (GIS) across 12 countries on 5 continents.
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The Walkability Index features information on connectivity, population density, facility density
and facility richness. GIS information layers for these four components of the Walkability Index
were collected and homogenized for the seven cities of the PASTA project. The following Table

provides the complete details on how each component was calculated and/or defined, and their

source.
Table 7. Description of the components of the Walkability Index
Indicator Source

Connectivity - number of junctions with node
degree >1 (in order to exclude cul-de-sacs)
(n/km?2)

Population density - (n inhabitants/km2)

Facility density index - number of POI (n
facilities/km?2)

Facility richness index - number of different
facility types (POIs) present, divided by the
maximum potential number of facility types

Navteqa street intersections data (2012)

Census / neighbourhood data (2011-
2016)®

Navteqa POI data set (2012). For full list of
POIs see https://tinyurl.com/PASTA-POI

Navteqa POI data set (2012). For full list of
POIs see https://tinyurl.com/PASTA-POI

specified (n facility types/74)
Note: POI, points of interest.

aNavteq is licensed data under ArcGIS software. This data is prepared for use in routing analysis
across Europe. It contains data on Streets and Points of Interest (POIs), so it identifies a wide range
of categories in which the different POls (e.g., schools, libraries, cinemas, banks, restaurants) are
included. (See the full list in this link: https://tinyurl.com/PASTA-POL)

bThe source of information varied across cities: Antwerp, Barcelona, London, Rome, and Vienna:
National Census (2011), Orebro: local layer (2015); and Zurich local and regional layer (2016).

The PASTA questionnaires collected addresses for both residential and work/study locations, and
the Index was then calculated for all geocodable addresses located within each of the PASTA
cities’ administrative boundaries, using a 300 metre radial buffer. The index was calculated as the

sum of deciles of each of the components, divided by 4.

A 300 metre buffer was chosen for several reasons: First, 300 metres is commonly used in
epidemiological studies on built environment and health (Nieuwenhuijsen & Khreis, 2019);
second, it is a distance that most of the population can walk; and third, some of the built

environment indicators (e.g., facilities richness) were not available for other buffer sizes (e.g.,100

m or 500 m).

The statistical software R and its packages for spatial analysis rgdal (Bivand, Keitt & Rowlingson,
2019), raster (Hijmans, 2019), rpostgis (Bucklin & Basille, 2018) and PostgreSQL (Conway et al.,
2017) were used to compose the Walkability index and QGIS was used for layer preparation

(Bucklin & Basille, 2018; Bivand, Pebesma & Gémez-Rubio, 2013).
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Walkability as a proxy to assess the bikeability of the environment

In the absence of a Bikeability index for all the cities, the Walkability index was taken as a proxy
of the nature of the built environment in regards to Active Mobility in general and of cycling in
particular, as it is generally associated with higher cycling levels and several of the built
environment characteristics used in the walkability scale have also been shown to be predictors

of cycling (Owen et al, 2010; Freeman et al., 2013; Christiansen et al., 2014, 2016).

Bikeability
The Bikeability Index was constructed similarly to the Walkability Index described above: it has
four components and the index has been calculated for 300-m buffers around all geocodable

locations in London.

The components of the Index were selected according to the literature (Winters et al, 2013).
Connectivity and Facility richness were shared components with the Walkability index and
cycling infrastructure (both bike-sharing stations and the cycle lanes network) and hilliness were
also included. The index was calculated as the sum of deciles of each of the components, divided

by 5, giving a score between 1 and 10.

Table 8. Description of the components of the Bikeability Index

Indicator Source
Bike stations density within 300m buffer (n/knr OSM (and local data 2017)a

Bike lanes density within 300m buffer (m/km) OSM (and local data 2017)a

Connectivity -streets selected exclude major OSM (and local data 2017)b
roads and include those with cycle path; (n/km2)

Facility richness index - number of different NavteqcPOI data set (2012). For full
facility types (POls) present, divided by the listof POIs see

maximum potential number of facility types https://tinyurl.com/PASTA-POI
specified (n facility types/74)

Average hilliness/elevation within 300m EU-DEM, EEA (2017)4

buffer - Calculated from the Digital Elevation

Map (DEM)

Note: OSM, Open Street Maps; EEA, European Environmental Agency.

a OSM layers (https://www.openstreetmap.org/export) included were complemented with
Transport for London (https://data.london.gov.uk/dataset/tfl-cycle-hire-locations and
https://cycling.data.tfl.gov.uk/)

b OSM layers (https://www.openstreetmap.org/export) included the “highway” tags 'cycleway’,
'living_street’, 'path’, 'pedestrian’, 'residential’, 'service', 'track’, 'track_gradel’, 'track_grade2’,
'track_grade3’, 'track_grade4', 'track_grade5’, 'unclassified’, 'unknown'. Data were complemented
with Transport for London’s cycle network data (https://cycling.data.tfl.gov.uk/)

¢Navteq is licensed data under ArcGIS software. This data is prepared for use in routing analysis
across Europe. It contains data on Streets and Points of Interest (POIs), so it identifies a wide range
of categories in which the different POIs (e.g., schools, libraries, cinemas, banks, restaurants) are
included. (See the full list in this link: https://tinyurl.com/PASTA-POI.)

dCopernicus Land Monitoring Service - EU-DEM. EU-DEM is a digital surface model (DSM) of EEA
member and cooperating countries. The EU-DEM is a 3D raster dataset with elevations captured
at about every 30 metre https://www.eea.europa.eu/data-and-maps/data/copernicus-land-
monitoring-service-eu-dem.
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See below for a detailed map depicting the Bikeability layer in London:

Figure 18. Visualisation of the Bikeability index for 300-m buffer PASTA survey participants geo-
located residence or work/study locations, where 1 indicates the lowest level of Bikeability and 9 the
highest. Background from Google Satellite.

3.3.2.4  Perception of the built environment

Besides the objective measures for the built environment expressed in the Walkability and
Bikeability Indices, the perception of the cycle-friendliness of the built environment was added
to the model with the inclusion of a group of variables from the questionnaire. This way, both
effects (objective and perceived) could be featured in the model and their effect could be studied

separately.

Studies that inspired the PASTA survey design with respect to the perception of the built
environment include the IPEN study (Spittaels et al.,, 2010) (the questions referenced belong to
the Long version of the ALPHA questionnaire), the iCONNECT study (Ogilvie et al., 2012; Panter
& Ogilvie, 2015) and the work by Handy, Xing & Buehler (2010), and amongst others, Gotschi et
al. (2017). There are some more recent studies that evaluate perceptions of the built environment
in cycling behaviour, such as the analysis described by Panter and Ogilvie (2015) as part of the
iConnect project, or the work by Ma & Dill (2015), Porter et al. (2018) and Park and Akar (2019).

More studies were published after the PASTA survey was designed and launched.
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In the next sections, the PASTA questions used for each type of variable (Accessibility to
infrastructure and facilities, Perception of traffic safety and of security/crime, and Comfort) will
be compared with other questions used in the above-mentioned studies with the aim of
illustrating how the PASTA survey design drew on existing literature and how the results will be
comparable to each of the other studies. These sections add detail to the Literature Review

(Chapter 2) and provide a justification of the chosen questions in this study.

Accessibility to infrastructure and facilities

Although there were no questions in the PASTA project on the perception of access to cycle paths,
quiet streets or cycling destinations, which were included in studies such as those of Ma and Dill
(2015), and Porter et al. (2018), it did include questions on the perception of adequate cycle
parking and changing and shower facilities (shown as “Inadequate parking” and “Lack of changing
facilities” in 0). These two variables will often be referred to with the over-arching term of
“Perception of cycling facilities”. The following table compares the PASTA survey questions to

other questions used in the literature.
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Table 9.

Questions for Accessibility and barriers to infrastructure

Accessibility and
barriers to
infrastructure

PASTA SURVEY QUESTIONS

OTHER STUDIES

Inadequate
Parking

Inadequate parking for my bike at
home and at my destinations make it
impossible for me to cycle more on a
5-point Likert scale where 1 =
Strongly Agree, 2 = Agree, 3 = Neither
agree nor disagree, 4 = Disagree and 5
= Strongly Disagree.

Lack of changing The Jack of changing and shower

facilities

facilities at my destinations prevents
me from using a bicycle on a 5-point
Likert scale where 1 = Strongly Agree,
2 = Agree, 3 = Neither agree nor
disagree, 4 = Disagree and 5 = Strongly
Disagree.

Perceived trueness that “Stores and
other destinations have bike racks” on
4-point scale 1 = Not at all true, 2 =
Somewhat true, 3 = Mostly true, 4 =
Entirely true (Handy, Xing & Buehler,
2010)

How true that “It is easy to find a
secure rack=post to lock my bike at
work place” on 4-point scale 1 = Notat
all true, 2 = Somewhat true, 3 = Mostly
true, 4 = Entirely true (Handy & Xing,
2010)

At your work or place of study do you
have a safe place to leave a bike? On a
Yes or No answer (Spittaels et al,
2010).

There are enough parking racks for
bicycles on a 5-point Likert scale
where 1 = Strongly Agree, 2 = Agree, 3
= Neither agree nor disagree, 4 =
Disagree and 5 = Strongly Disagree
(Park & Akar, 2019).

How true that “I have access to a
shower within 5 minute walk of my
office”. 1 = Not at all true, 2 =
Somewhat true, 3 = Mostly true, 4 =
Entirely true (Handy & Xing, 2010).

At your work or place of study do you
have showers and changing rooms?
On a Yes or No answer (Spittaels et al.,
2010).

When needed, I can find a convenient
place to shower and change clothing
after bicycling on a 5-point Likert
scale where 1 = Strongly Agree, 2 =
Agree, 3 = Neither agree nor disagree,
4 = Disagree and 5 = Strongly Disagree
(Park & Akar, 2019).

Perception of traffic safety

Some studies use a variable “Safety” that integrates aspects of Traffic Safety together with aspects
of security and crime. In the studies led by Handy (Handy & Xing, 2010; Handy, Xing & Buehler,
2010) they integrated five questions into the variable “Safety concern”: “Average concern of being
hit by a car, being hit by another cyclist while biking, being bitten by a dog, being mugged or

attacked, or crashing because of road hazards on 3-point scale where 1 = Not at all concerned, 2
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= Somewhat concerned, 3 = Very concerned”. Recent studies such as De Geus et al. (2019), also
used the ALPHA questionnaire (Spittaels et al., 2010) and integrated traffic safety with crime in

the same variable.

The so called ‘safety-related variables’ used in other studies, have been kept disaggregated in this
model, in order to capture their individual associations with the outcome variable, especially
because data come from seven different case-study cities, in which traffic safety and crime safety

might be perceived differently.
The variable “Traffic safety” is related to the perception of safety in regard to traffic.

Table 10. Questions for Perception of Safety

Perception of
safety

PASTA SURVEY QUESTIONS

OTHER STUDIES

Traffic Safety

With your day-to-day needs in mind
would you say that cycling “for travel”
... is safe (with regards to traffic) on a
5-point Likert scale where 1 = Strongly
Agree, 2 = Agree, 3 = Neither agree nor
disagree, 4 = Disagree and 5 = Strongly
Disagree.

Safe destinations - Average perception
of safety bicycling to “your usual
grocery store”, “the nearest post

TS

office”, “the local elementary school”,
“a restaurant you like”, “the nearest
bike shop” on 3-point scale where 1 =

Uncomfortable and I wouldn’t ride

there, 2 = Uncomfortable but I'd ride
there anyway, 3 = Comfortable (Handy,
Xing & Buehler, 2010)

Cycling is dangerous because of the
traffic in my neighbourhood, on a 4-
point scale where 1 = Strongly
disagree, 2 = Somewhat disagree, 3 =
Somewhat agree, 4 = Strongly agree
(Spittaels et al, 2010)

Cycling is unsafe because of the traffic,
on a 5-point scale where 1 = Strongly
agree, 2 = Somewhat agree, 3 = Neither
agree nor disagree, 4 = Somewhat
disagree, 5 = Strongly disagree
(Supplementary material, Ogilvie et al.,
2012; Panter & Ogilvie, 2015)

Safety in traffic is an important factor
on a 5-point Likert scale where 1 =
Strongly Agree, 2 = Agree, 3 = Neither
agree nor disagree, 4 = Disagree and 5
= Strongly Disagree (Park & Akar,
2019).

Perception of security/crime
The variable “Crime Safety” is also known as “Security” and is related to the perception of safety
in regard to crime; that is, the perceived risk of being a victim of crime when cycling. The

questions asked in the PASTA survey that relate to Perception of Safety can be found in Table 11.
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Table 11.

Questions for Perception of security/crime

Perception of
security/crime

PASTA SURVEY QUESTIONS

OTHER STUDIES

Crime Safety

With your day-to-day needs in mind
would you say that cycling “for travel”
...is safe (with regards to crime) on a 5-
point Likert scale where 1 = Strongly
Agree, 2 = Agree, 3 = Neither agree nor
disagree, 4 = Disagree and 5 = Strongly
Disagree.

Cycling is dangerous in my
neighbourhood during the night
because of the level of crime, on a 4-
point scale where 1 = Strongly
disagree, 2 = Somewhat disagree, 3 =
Somewhat agree, 4 = Strongly agree
(Spittaels et al,, 2010)

The level of crime or antisocial
behaviour means cycling is unsafe, on a
5-point scale where 1 = Strongly agree,
2 = Somewhat agree, 3 = Neither agree
nor disagree, 4 = Somewhat disagree, 5
= Strongly disagree (Supplementary
material, Ogilvie et al, 2012; Panter &
Ogilvie, 2015)

Safety from crime is an important
factor on a 5-point Likert scale where 1
= Strongly Agree, 2 = Agree, 3 = Neither
agree nor disagree, 4 = Disagree and 5
= Strongly Disagree (Park & AKkar,
2019).

Comfort

Being comfortable when cycling or having a pleasurable cycling experience has been measured

in a number of studies before and since the PASTA survey. These studies and the question related

to comfort in this study are detailed in Table 12.
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Table 12. Questions for Pleasure/comfort
Pleasure/comfort = PASTA SURVEY QUESTIONS OTHER STUDIES

Comfort With your day-to-day needs in mind (three aggregated questions) “Average
would you say that cycling “for comfort biking on an off-street path or
travel” ...is comfortable on a 5-point  quiet street, two-lane-local-street with or
Likert scale where 1 = Strongly without bike lane, four-lane-street with
Agree, 2 = Agree, 3 = Neither agree or without bike lane”, on 3-point scale
nor disagree, 4 = Disagree and 5 = where 1 = Uncomfortable and I wouldn’t
Strongly Disagree. ride on it, 2 = Uncomfortable but I'd ride

on it, 3 = Comfortable (Handy, Xing &
Buehler, 2010; Handy & Xing, 2010)

My local neighbourhood is a pleasant
environment for cycling, on a Yes or No
answer (Spittaels et al., 2010)

The routes are pleasant for walking or
cycling, on a 5-point scale where 1 =
Strongly agree, 2 = Somewhat agree, 3 =
Neither agree nor disagree, 4 = Somewhat
disagree, 5 = Strongly disagree
(Supplementary material, Ogilvie et al,
2012; Panter & Ogilvie, 2015)

Titze et al. (2008) use an aggregated measure for Physical Discomfort composed of “Cycling is

» o«

tiresome”, “cycling is unsafe”, and “cycling is stressful”. In the PASTA baseline questionnaire, we

asked about safety in relation to traffic and crime separately.

3.3.2.5 Social environment

The social environment includes Social Norms and Social Support.

Unlike other studies (Titze et al, 2008; Ma & Dill, 2015) in which Social Norms and Social Support
questions were integrated into a single social environment variable, this analysis studies the

effect of these variables separately.

Social Norms
The two types of Social Norms (see section 2.2.3.1 for the definition of Social Norms): Descriptive
and Injunctive; were included in the PASTA survey and featured in this model, as components of

the Social Environment (Table 13).
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Table 13. Questions for Social Norms

Social Norms

PASTA SURVEY QUESTIONS

OTHER STUDIES

Descriptive Norm

In my neighbourhood it is common
for people to cycle ‘for travel’, on a
5-point Likert scale where 1 =
Strongly Agree, 2 = Agree, 3
Neither agree nor disagree, 4
Disagree and 5 = Strongly Disagree.

(2 of 5 questions aggregated in the Social
Environment variable) “Members of my
household frequently use cycling for
transportation”, “many of my friends use
the bicycle for transportation”, on a 4-
point scale ranging from “strongly
disagree” (1) to “strongly agree” (4).
(Titze et al.,, 2008)

“I see people in my neighbourhood
cycling for travel”. On a 5-point scale
where 1 = Strongly agree, 2 = Somewhat
agree, 3 = Neither agree nor disagree, 4 =
Somewhat disagree, 5 = Strongly disagree
(Supplementary material, Ogilvie et al,
2012; Panter & Ogilvie, 2015)

(3 of the 5 questions aggregated in the
Social Environment variable) “People I
live with ride a bike to get to places, such
as errands, shopping, and work”; “Many
of my friends ride a bike to get to places,
such as errands, shopping, and work”;
“Many of my co-workers ride a bike to get
to work.” On a 5-point scale from strongly
disagree (1) to strongly agree (5). (Ma &
Dill, 2015)

(translated from Spanish) “How much do
you think the following groups of people
use the bicycle to go to work/study?”;
groups: Young people, Family, Friends,
Colleagues, Migrants. On a 6-point scale
from not at all used (1) used a lot (6).
(Appendix D, Mufioz Lopez, 2016)
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Social Norms PASTA SURVEY QUESTIONS

OTHER STUDIES

Injunctive social “In my neighbourhood cycling is
norm well regarded”. On a 5-point scale
where 1 = Strongly Agree, 2 = Agree,
3 = Neither agree nor disagree, 4 =
Disagree and 5 = Strongly Disagree.

The people in my life whose opinions I
value most would approve of me cycling
for travel, on a 5-point scale where 1 =
Strongly agree, 2 = Somewhat agree, 3 =
Neither agree nor disagree, 4 = Somewhat
disagree, 5 = Strongly disagree.
(Supplementary material, Ogilvie et al,
2012; Panter & Ogilvie, 2015)

“How acceptable is your partners’/
friends’/ colleague’s perception of you
biking?”. On a 7-point scale from
completely acceptable (1) to completely
unacceptable (7). (Forward, 2014)

“My closest friends accept me cycling./My
family/partner accept me cycling./My
work colleagues accept me cycling.” On a
5-point scale from strongly disagree (1)
to strongly agree (5). (Bourke, Craike &
Hilland, 2019, based on Forward, 2014)

(translated from Spanish) For non-
cyclists “If you decided to cycle to
work/study, how much do you think the
following groups of people would agree
with that?” For cyclists “Regarding your
decision to cycle to work/study, how
much do you think the following groups
of people would agree with that?”;
groups: Family/Friends/Colleagues. On a
6-point scale from wouldn’t agree at all
(1) to would completely agree (6).
(Appendix D, Mufioz Lopez, 2016)

Both Social Norms were measured for a specific spatial scale, the neighbourhood, in order to be

able to assess them in relation to the built environment objective measures, which were

calculated in a comparable spatial scale (Figure 18). Taking “neighbourhood” as a reference also

helped to locate the people of influence for this type of behaviour, those with the same spatial

reference as the participant.

The Injunctive Norm varied in terms of the formulation of the question, instead of the perception

of others acceptance of participant’s cycling, it assessed whether cycling was “well regarded”,

implying the perception of other people’s judgement.

Social support

Table 14 depicts the PASTA question around social support and the associated research.
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Table 14. Questions for Social support

Social support PASTA SURVEY QUESTIONS

OTHER STUDIES

Social support Most people who are important to
me think that [ should cycle 'for
travel' (that is getting from place to
place), on a 5-point Likert scale
where 1 = Strongly Agree, 2 = Agree,
3 = Neither agree nor disagree, 4 =
Disagree and 5 = Strongly Disagree.

(2 of 5 questions aggregated in the Social
Environment variable) “My friends and
acquaintances encourage me to use a
bicycle for transportation”, “Family
members encourage me to use the bicycle
for transportation”, on a 4-point scale
ranging from “strongly disagree” (1) to
“strongly agree” (4). (Titze et al, 2008)

“How often (during the past year)
members of their family encouraged
them to be physically active” on a 5-point
Likert scale from “never” (1) to “very
often” (5). (Ball et al, 2010)

(Questions aggregated in the Supportive
Social Environment variable) “Most
people who are important to me, for
example my family and friends, think I
should bike more”; “Most people who are
important to me, for example my family
and friends, would support me in using a

bike more”. (Ma & Dill, 2015)

This question is similar to the ones used in previous studies to evaluate social support.

3.3.3 Modelling flowchart

The flowchart below shows each of the different steps taken in the statistical modelling. These

steps are explained in detail in the following sections:

Preliminary tests:

Variable selection

Univariate

models Model selection:

Stepwise AIC
Excluded
variable(s)

Correlation tests

MNL Maximal
model

Correlation
matrix

Validation tests:

MNL Minimally
Adjusted model

MNL Influence analyses:

Model
comparisons

Group components'
Collinearity combinations

[ Univariate models J

Influence analysis:

Variable groups’
models

Sensitivity analyses:

Controlling for
Income

Bikeability proxy
validation

Moderator:

Stratification by city J

Heterogeneity
assessment

[ Heterogeneity tests }

Goodness of fit:
Pseudo R-Squared }

Note: MNL: multinomial, AIC: Akaike Information Criterion, BE: Built Environment, SE: Social Environment.

Figure 19. Flowchart of the modelling design.
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3.3.4 Preliminary tests for the selection of variables

Preliminary tests helped determine the appropriateness of the variables chosen for the model.
One of these preliminary tests focused on the individual influence of each variable using
univariate models. The other preliminary test focused on uncovering potential dependencies

between the variables, using correlation tests.

3.34.1 Variable selection/appropriateness

Univariate models were performed for each variable in order to validate the selection of the
variables. The association between each built and social environment variable and the outcome
(adjusting/controlling for SES and City) was estimated with the aim of selecting only those with

an identifiable predictive power on the outcome level.

3.3.4.2 Correlation

Correlation tests between all pairs of variables constitute a correlation matrix. The correlation

matrix is used in multinomial and other regression models to test for collinearity and, in general,

to test the model’s stability (Alin, 2010).

The correlation tests and the corresponding coefficients obtained depended on the type of
variables paired:
Table 15. Type of variables and their correlation methods
Type of variables Correlation test Coefficient | P-Value R
package
Continuous variable vs. Spearman’s Rank | rho Chi-squared test | Hmisc
continuous variable correlation (Harrell,
(Mukaka, 2012) 2018)
Continuous variable vs. Linear regression | Squared p-value Base (R
nominal or ordered (Crawley, root of R2 associated with | Core
categorial variable 2013:p.458) the computed Team,
value of F 2018)
Nominal vs. Nominal Cramér’'s V \% Chi-squared test | Isr
categorical variables (2 or | (Navarro, (Navarro,
more levels) 2018:p.370) 2015)
Ordered vs. Ordered Spearman’s Rank | rho Chi-squared test | Hmisc
categorical variables (more | correlation (Harrell,
than 2 levels) (Mukaka, 2012) 2018)

Correlation coefficients were interpreted according to general guidance in the field of behavioural

science (Hinkle, Wiersma & Jurs, 2003):
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Table 16. Rule of Thumb for Interpreting the Size of a Correlation Coefficient. Source:
Hinkle, Wiersma & Jurs, 2003.

Size of Correlation Interpretation

.90 to 1.00 (-.90 to -1.00) Very high positive (negative) correlation
.70t0 .90 (-.70 to -.90) High positive (negative) correlation
.50t0.70 (-.50 to -.70) Moderate positive (negative) correlation
.30 t0 .50 (-.30 to -.50) Low positive (negative) correlation

.00 to .30 (.00 to -.30) Negligible correlation

3.3.5 Model selection

The statistical model selected for this study needed to be the best fit to the data. Firstly, a model
with all the variables of interest needed to be estimated. This is called the Maximal model. Given
that the selection of variables was guided by the literature, it was likely that many of them would
be significant. But in order to find the best model fit to the data, the Maximal model needed to be
simplified. The key principle of the simplification process is parsimony (also called Occam’s
razor): “the correct explanation is the simplest explanation” (Crawley, 2013:p.390). The model
should be as simple as possible but not simplistic, the model is not as good a fit as the maximal

model, but not significantly so.

The principle of parsimony means that models should have as few parameters as possible and

that they should be simplified until they are minimal adequate.

In this study, the maximal model was estimated, with the above-mentioned exposure variables
acting as explanatory variables of the outcome or response variable, Stages of Change, and its

three levels: Pre-contemplation, Contemplation-Preparation and Action-Maintenance.

The model was simplified through a backward stepwise simplification process assessed using the
Akaike Information Criterion (AIC), in which a variable is retained in the model only if its removal
causes a significant increase in deviance. In other words, an explanatory variable would only be
retained in a model if it contributes significantly to improve the fit of the model (Crawley,

2013:pp.391-392).

In order to verify that the simplification was parsimonious but that there was no significant loss
of explanatory power, validation tests were prepared for any excluded variables. Tests included
a comparison between the Maximal and Minimal Adequate models and influence analyses. On the
one hand, the influence of each of the variables in the model was estimated using univariate

models. On the other hand, the influence of the excluded variable(s) within its variable group
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(that s, either BE or SE as shown in Figure 17 and 0) was estimated by using models that included

different combinations of the variables in the group.

3.3.5.1 Multinomial model comparisons

An ANOVA (ANalysis Of VAriance) is commonly used to compare two regression models and see
whether they differ in explanatory power (Crawley, 2013:p.477). Here the analogue appropriate
to multinomial models uses Likelihood Ratio (LR) tests in the stepwise simplification to compare
the Maximal model, containing all the selected variables of interest, with the gradually simplified
interim models and the Minimal Adequate model obtained after the process of stepwise term

deletion was completed.

3.3.5.2 Collinearity

As a preliminary test, the correlation matrix showed any relations between any pair of variables.
If any strong correlations were found, a collinearity test would be necessary. Nevertheless, it is
possible to have data in which no pair of variables had a high correlation, but in which several
variables together might be interdependent (Allison, 2012). Collinearity (also called
Multicollinearity) is a strong linear relationship among two variables in a model, which reduces

the precision of coefficient estimates (Crawley, 2013:p.497).

Collinearity was tested once the Minimal Adequate model had been determined, in order to assess
if there was any near-linear relation between explanatory variables. Although the literature is not
clear in signalling which collinearity test would be most appropriate for a multinomial regression,
the modification of the variance-inflation factor (VIF), generalized variance-inflation factor
(GVIF) is accepted for non-linear regression models (Fox, 2015:p.357). The use of GVIF is
suggested when some of the variables have more than one degrees of freedom, which is the case
in this model. The derived expression of GVIF is then used to make the measure comparable

across all the variables in the model (Fox & Monette, 1992):
GVIF/(2X4f) where dfis the degrees of freedom associated with the term.

VIF and its derived expression GVIF inform the degree to which the estimated variance of the
regression coefficient of a particular variable is increased due to this variable’s correlation with
the other variables in the model. Thus, a VIF of 10 indicates that (all other things being equal) the
variance of the regression coefficient of a particular variable is 10 times greater than it would
have been had the variable been linearly independent of the other variables in the model. Namely,
VIF tells us how much the variance has been increased by this lack of independence (O’Brien,

2007).
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In relation to the example given above, the literature suggests that an acceptable threshold for
the VIF measure is 10 (Dormann et al,, 2013; O’Brien, 2007). Given that GVIFY/@Zxdf) ig analogous
to taking the square root of the VIF, its threshold is therefore 3.2 (Fox & Weisberg, 2011:p.325).

Collinearity was tested using the R package “car” created by Fox et al. (2018).

3.3.5.3 Influence analysis: univariate models

The univariate models had already been estimated in the preliminary test for the selection of
variables. After knowing which variables were excluded, univariate models were compared with
the results of each of the variables within the Minimal Adequate model to check if there were any

notable differences between them.

3.3.5.4 Influence analysis: variable combinations within groups

As explained in section 3.3.1.2, two groups of variables of interest are used in this study, Built

Environment and Social Environment variables.

When a variable was found not to offer sufficient explanatory power to be kept in the Minimal
Adequate model, all possible combinations of a variable group were performed. In these tests,
models with all the variables in a specific group were tested against models featuring different
combinations of the remaining variables (including all of the other variables and one-by-one each
of the other variables one-to-one). The objective was to assess the impact of the discarded
variable in relation to other variables in the same group and potentially observe if the absence of
this variable was creating a loss of information, or else, if the loss of information was minimal
thanks to the presence of the rest of the variables in the same group. With each combination of
variables in the models, a simple observation of the coefficients’ p-values was used to assess

whether variables were losing explanatory power.

3.3.6 Influence analysis: variable groups

In addition to the Minimal Adequate model, the individual influence of Built Environment and
Social Environment was estimated separately by two different models for each group of variables.
Similar to methods observed in already cited studies such as Heesch et al. (2014), the two
regression models were computed to examine the separate and joint influence of built
environment and social environment on the Stages of Change for cycling behaviour, controlling
for city and for socio-economic variables. A measure of goodness of fit, McFadden's pseudo R-

squared in combination with AIC was used to assess these models.
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3.3.7 Sensitivity analyses

One of the two sensitivity analyses included in this research design accounted for the variable
household income in the Minimal Adequate Model configuration and the other aimed to test the

validity of using Walkability as a proxy of Bikeability in the London sample.

3.3.7.1 Controlling for Income

The Income variable was not included in the Maximal model because of the number of missing
values, which would have created a general loss of statistical power. The variable “Income” is a

categorical ordinal variable with 7 levels (for more information see section 3.3.2.1).

In this sensitivity analysis, the Minimal Adequate model was fitted with Income as an extra
variable, and the RRRs of the rest of the variables of the model were estimated and compared

with the original configuration of the Minimal Adequate model (that is, without Income).

Using an Akaike Information Criterion-based stepwise selection method, the Minimal Adequate
model controlling for Income was estimated and compared with the original Minimal Adequate

model.

3.3.7.2  Bikeability proxy validation for London

As explained in Section 0, the value of the Walkability Index variable was used as a proxy for the
Bikeability Index in the representation of the Objective Built Environment. Although the
literature has used the Walkability Index as a factor associated with cycling, Bikeability is
preferable, as it is designed specifically for cycling mobility and includes cycling-specific

components.

The use of Walkability as a proxy of Bikeability was due to the absence of the input information
and calculations necessary to obtain the Bikeability Index for all the cities. Nevertheless, efforts
were made to obtain the Bikeability Index for London. With the availability of this resource, the

validity of the use of the Walkability index could be tested, at least for a single city, London.

As a sensitivity analysis, the Minimal Adequate model was run for London and compared with a

model in which the Walkability variable had been substituted for the Bikeability one.

3.3.8 City as a moderator: stratification by city

As explained above, the Minimal Adequate model was designed as a fixed-effects model, including
city as a fixed effect (see Section 3.3.2.2 for the reasons city was included as a fixed effect instead
of a random effect). Nevertheless, each city has a unique combination of built and social

environment contexts. The combination of these might affect the relationship between said
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variables and cycling behaviour (Section 2.2). For this reason, the factors that associate cycling

environment and cycling behaviour might be moderated by the variable city.

When testing for a moderator, a stratification is recommended (Bauman et al, 2002). The
stratification involved applying the same configuration of the Minimal Adequate model but
removing the city variable and using the subsample for each of the cities instead. Coefficients
were produced and RRRs were estimated in the same way as explained for the Minimal Adequate

model (Section 3.3.1.3).

3.3.8.1 Heterogeneity assessment

A heterogeneity assessment was conducted to complement the table of results and further
investigate if there was more variability in the explanatory variables than could be expected by
chance between the different cities. A series of tests and graphics to assess heterogeneity between
different studies or sub-samples has been developed in the literature pertaining to meta-analyses.
The heterogeneity assessment consisted of the computation of heterogeneity coefficients
Cochran’s Q (Chi-squared test, simply referred to as ‘Q’) and Inconsistency (12 or 1*2) as advised
by the literature (Higgins et al., 2003). Inconsistency can be considered to be the amount of

variability not caused by sampling error.

The formula used for quantifying inconsistency is:

2= (Q _Qdf) x 100%

where @ is the chi-squared statistic and dfis its degrees of freedom.

The importance of the observed value of 12 depends on the magnitude and direction of the effects,
and on the strength of evidence for heterogeneity (e.g. p-value from the Chi2 test). Due to these
conditions, the suggested thresholds for the interpretation of the 12 statistic are not rigid. A rough

guide to interpretation is as follows (Higgins et al., 2019):

e 0% to 40%: might not be important;
e 30% to 60%: may represent moderate heterogeneity;
e 50% to 90%: may represent substantial heterogeneity;

e 75% to 100%: considerable heterogeneity.

Lastly, forest plots were produced to demonstrate effect estimates and confidence intervals,

which provide a visual aid for heterogeneity assessments (Lewis & Clarke, 2001).
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Coefficients Q and 12 were computed using the R package “metafor” (Viechtbauer, 2017). Forest
plots were also produced for each of the variables and comparison levels with the “metaviz” R

package (Kossmeier, Tran & Voracek, 2019).

3.3.9 Goodness of fit of the models

Logistic regression does not have an equivalent to the R-squared that is found in linear regression.
Given that the models performed in this thesis are all multinomial logistic regression, an
alternative measure was selected, the McFadden's pseudo R-squared (McFadden, 1973). This log
likelihood ratio R-squared, sometimes referred to as “deviance R-squared”, is one minus the ratio

of the full-model log-likelihood (L) to the intercept-only log-likelihood (Lnun),

log(L,)

Riyp=1- ——“—
ME log(Lnull)

The likelihood contribution of each observation is a probability and ranges between 0 and 1. If
the model has no predictive ability, the likelihood value for the current model will not be much
larger than the likelihood of the null model. Hence the ratio of the two log-likelihoods will be close
to 1, and McFadden's pseudo R-squared will be close to zero. Conversely, if the model explains
almost all the variation in the model, the probabilities observed will be very close to 1, and so will
be the likelihood value for each observation. The log of 1 is 0, and so the log-likelihood value
log(L:) will be close to 0. Then the McFadden's pseudo R-squared will be close to 1. McFadden
warned about the values of his pseudo R-squared being lower than those of the R-squared index

and according to him, values of 0.2 to 0.4 represent an excellent fit (McFadden, 1979).

Some authors do not recommend McFadden's pseudo R-squared for comparison of models if they
do not have the same number of explanatory variables. The reason for this is that McFadden's
pseudo R-squared always increases with any additional predictor. To make the test more useful
in model selection, it can be combined with a measure of information criteria (AIC was used in

this thesis) (Shtatland, Kleinman & Cain, 2002).

McFadden's pseudo R-squared was computed using the R package DescTools (Signorell, 2020).
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4 RESULTS

Having diagnosed and allocated all participants to one of the three Stages of Change, the built and
social environment factors associated with the three Stages were explored. Descriptive statistics
of the study population in each Stage were generated and then the variables were estimated with

multinomial regression models.

4.1 Characteristics of the study population

The general sample of the PASTA survey included all participants with valid answers to the
questionnaires. Cleaning and preparation of the data frame was carried out by the team at VITO
(Belgium), the partners in charge of the platform for data collection and storage. All the
researchers within the PASTA project had access to a dashboard in the data collection platform
and downloaded the data as the survey progressed. Two data scripts for Data Cleaning and
Preparation, which corrected some numeric formats and organised the data into ready-to-
calculate rows and columns were also available. When the survey closed, the data was stored on
an FTP server, already cleaned and prepared. This was defined as the definitive PASTA survey

population.

The survey featured a series of questionnaires (Figure 7); only the Baseline was used in this
analysis. Participants who answered the Baseline questionnaire were assigned to a Stage of
Change using the set of questions described in Section 3.2.3. This diagnosis was also performed

for participants who answered the Final questionnaire.

The following sections include tables summarizing the relevant variables for the Baseline
Questionnaire and also for the Final Questionnaire. For both Questionnaires, the population is

presented by Stage of Change. For the Baseline Questionnaire, the population is also presented
by city.
4.1.1 Description of the general sample

The study population used in this thesis is a sub-sample of the PASTA survey population. The sub-
sample was created using a number of questions to diagnose participants first in the five Stages

of Change and then in a more manageable and still meaningful three Stages of Change.

In the following sections, both the sample (the PASTA project population) and the sub-sample
(the study population) are described.
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4.1.1.1 PASTA survey population

A total of 12,825 people registered for the PASTA survey; however, 2,134 never started the
baseline questionnaire (attrition rate of 16.6 %). Thus, the population of the baseline
questionnaire was 10,691. The attrition rates varied between the cities; see Gaupp-Berghausen

et al. (2019:fig.3) for more information.
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Figure 20. Population in the Baseline Questionnaire presented by city (n=10,691).

The characteristics of cyclists in the PASTA survey have already been well-described. As a broad
overview, Raser et al. (2018) showed that of all PASTA participants, 97% know how to ride a cycle
and 80% have access to a cycle. Forty-four percent of participants reported at least one cycling
trip in the trip diaries. Of these, 85% cycled 30 minutes or more per day. An average cycle trip
took 27 minutes and was approximately 5 km long. Male cyclists cycled on average 50 minutes

per day, females approximately 42 minutes.

Of those who cycle as a mode of transport, 77% think that it saves time, 57% find it comfortable,
but only 23% consider it safe with regards to the risk of traffic crashes. An overwhelming 92%
agree with the statement that cycling for travel offers personal health benefits, and those for
whom health is an important criterion when choosing their mode of transport cycle

approximately 10% more frequently than the rest (Raser et al., 2018).

4.1.1.2  Population with assigned cycling behaviour status

The Baseline questionnaire contained all the necessary questions to diagnose participants into
the Stages of Change (Figure 10). Participants who did not answer the survey questions that
allowed the Stages of Change diagnosis were excluded. The loss of samples due to diagnosis has
been carefully minimised by defining each of the Stages of Change in the most comprehensive

way, supported by the literature (Section 3.2.3).
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In all, N= 7,684 participants (Figure 21) of an original N= 10,691 (Figure 20) were assigned to a

Stage of Change.
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1,200 1,060

1,000
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Figure 21.

1,446
1,222
1,055
I 836
Orebro Rome

by city (n=7,684).

4.1.2 Description of the study population

1,068

Vienna

997

Zurich

Population of the Baseline Questionnaire diagnosed into the Stages of change presented

In addition to the summary tables presented below, the text draws attention to some of the

features by category (Stages of Change in Table 17 and Cities in Table 18).

4.1.2.1

Population by Stages of Change

The following table describes all the variables from the Baseline Questionnaire involved in this

study by Stage of Change.
Table 17. Demographic and environmental characteristics of participants (N= 7,684) by
Stage of Change in the Baseline Questionnaire
Baseline Questionnaire % of Preconte- Contemplation Action- Total
Respondents mplation  -Preparation Maintenance  sample
Stage-diagnosed participants 100.0 22.9 257 S14 100.0
ge-dlag particip (N=7,684) (N=1,762) (N=1,972) (N=3,950) (N=7,684)
Socio-Economic Status (SES)
99.9
Age (N=7,683)
Mean (min, max) 419 37.4 41.0 39.6
’ (16.1,87.8)  (16.1,80.9) (16.8,76.5)  (16.1,87.8)
Sex 100.0
(N=7,684)
Female 64.6 55.8 49.2 54.4
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. . . % of Preconte- Contemplation Action- Total
Baseline Questionnaire

Respondents mplation  -Preparation Maintenance  sample
96.9
Employment status (N=7,443)
Full-time employed 58.0 56.9 63.7 60.6
Part-time employed 15.2 14.3 18.7 16.8
Student 13.0 21.0 11.7 14.4
Home duties/ unemployed/
retired/ sickness leave/ 13.8 7.8 5.9 8.2
parental leave
Income 639
(N=5,241)
Less than 10,000€ 9.2 18.1 9.4 11.3
10,000€ - 24,999€ 18.6 23.8 19.3 20.2
25,000€ - 49,999€ 34.6 27.6 35.2 334
50,000€ - 74,999€ 19.7 16.0 21.8 20.1
75,000€ - 99,999€ 11.0 7.9 8.1 8.7
100,000€ - 149,999€ 53 5.0 4.3 4.6
150,000€ or more 1.6 1.6 1.9 1.7
City
100.0
(N=7,684)
Antwerp 2.3 4.4 23.6 13.8
Barcelona 26.6 12.8 12.7 15.9
London 24.8 10.5 10.4 13.7
Orebro 6.2 8.6 14.1 10.9
Rome 9.5 35.5 14.7 18.8
Vienna 14.8 15.3 12.8 13.9
Zurich 15.8 129 11.7 13.0

BUILT ENVIRONMENT (BE

Objective Built Environment (OBE)

. 94.6
Walkability (N=7,270)
5.08 493 5.24 5.13
Mean (SD) (2.22) (2.33) (2.25) 2.:27)
Bikeability (only London) 134
ty (only (N=1,032)
3.85 3.84 4.03 3.92
Mean (SD) (1.93) (1.73) (1.68) (1.79)
Perceived Built Environment (PBE)
. 86.1
Inadequate Parking (N=6,616)
Disagree 52.4 52.4 76.8 65.5
Neither Agree nor Disagree 19.3 14.2 8.5 12.2
Agree 283 334 14.7 22.3
Lack of changing facilities 86.1
ging (N=6,616)
Disagree 47.0 421 72.1 59.2
Neither Agree nor Disagree 22.5 17.7 12.4 15.9
Agree 30.5 40.2 15.5 24.9
100.0
Traffic Safety (N=7,684)
Disagree 78.0 61.4 42.5 55.5
Neither Agree nor Disagree 16.5 20.6 26.8 22.8
Agree 5.5 18.0 30.7 21.7
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. . . % of Preconte- Contemplation Action- Total
Baseline Questionnaire

Respondents mplation  -Preparation Maintenance  sample
. 100.0
Crime Safety (N=7,684)
Disagree 33.0 25.4 10.6 19.5
Neither Agree nor Disagree 42.7 38.3 34.0 37.1
Agree 24.3 36.3 55.4 43.4
100.0
Comfort (N=7,684)
Disagree 52.6 22.8 5.8 20.9
Neither Agree nor Disagree 28.4 26.9 14.3 20.8
Agree 19.0 50.3 79.9 58.3

SOCIAL ENVIRONMENT (SE)

Perceived Social Environment (PSE)

Injunctive Social Norm - Well 83.6
regarded (N=6,635)
Disagree 26.5 19.7 17.9 20.1
Neither Agree nor Disagree 41.8 36.3 28.6 334
Agree 31.7 44.0 53.5 46.5
Descriptive Social Norm - 86.0
Common (N=6,609)
Disagree 36.2 39.6 27.1 32.2
Neither Agree nor Disagree 35.1 31.7 27.1 30.0
Agree 28.7 28.7 45.8 37.8
Social support (N=863, '663 5)
Disagree 71.4 41.2 335 43.6
Neither Agree nor Disagree 22.7 34.5 33.0 31.2
Agree 5.9 24.3 335 25.2

Slightly over half the sample fell into the Action-Maintenance stage. This was expected as a result
of the intentional oversampling of active travel participants (see Section 3.1.2 for more details on

the recruitment strategy).

The three Stages varied little in mean age. Sixty-five percent of participants in pre-contemplation

were women, though the sex ratio was nearer equal in the other stages.

Most participants were employed (77.4% including both full-timers and part-timers), the
greatest proportion of whom were found in the Action-Maintenance group. A further 14.4% were

students with the remainder unemployed or having a variety of home-based occupations.

In our sample, the highest proportion of cyclists had a mid-level income, with those in the richest
brackets not considering cycling much at all. Participants with low income levels were more often

thinking about cycling than cycling.
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Barcelona and London stood out as the cities with the highest proportion of participants “Not
thinking about cycling”, Rome was by far the city with the most participants “Thinking about
cycling” and Antwerp leads with the highest proportion of people “Cycling” (Table 17).

The mean values of the Walkability and Bikeability indices for the three Stages are broadly

concordant.

The pattern observed for the Objective Built Environment was largely mirrored in participants’
responses about the Perceived Built Environment. Cycling participants showed the highest
positive perceptions of available facilities (parking and changing facilities/showers) and comfort.
On a parallel note, participants who were not even thinking about cycling had the most negative

perception of Traffic Safety.

Perceptions of the Social Environment were not as strong as those related to the Built
Environment; participants were more reluctant to show positive views of their social
environment. The exception is the widely shared (71.4%) negative perception of Social Support

held by participants in Pre-contemplation.

Interestingly, there was some evidence that the majority of participants held strong opinions on
the variables, as the neutral level of the Likert scale “Neither agree nor Disagree” was used less
than 25% of the time in most of the Perceived Built Environment variables except for Crime
Safety, for which it was over 37%. It was around a third in most cases for the Perceived Social
Environment variables, though Pre-contemplators used it more (42%) when thinking about how

cycling is regarded.

4.1.2.2  Population by city

As the sample was non-random, we cannot conclude that the differences in transport behaviour
we see in the sample are representative of the overall population. Nonetheless, substantial
variation in cycling pattern in the case study cities appeared in the arising data and model

variables (Table 18).
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Table 18. Demographic and environmental characteristics of participants (N= 7684) by City in the Baseline Questionnaire.

Baseline Questionnaire Subsample [%  Antwerp Barcelona London Orebro Rome Vienna Zurich Total
of sample

Respondents]
Stage-diagnosed participants 100.0 13.8 15.9 13.7 10.9 18.8 13.9 13.0 100.0
per city [%] (N=7,684) (N=1,060) (N=1,222) (N=1,055) (N=836) (N=1,446) (N=1,068) (N=997) (N=7684)
Stages of Change [%]

100.0

(N=7,684)
Pre-contemplation 3.8 38.4 41.4 13.1 11.7 24.4 27.9 229
Contemplation-Preparation 8.1 20.6 19.7 20.3 48.3 28.3 25.6 25.7
Action-Maintenance 88.1 41.0 389 66.6 40.0 47.3 46.5 51.4

Socio-Economic Status (SES)

Age [years] 99.9
(N=7,683)
Mean (min, max) 41.6 36.5 39.7 43.8 39.3 384 39.1 39.6
(18.3-79.8) (18.0-87.8) (18.0-79.9) (18.8-78.4) (18.1-78.7) (18.0-87.7) (16.1-78.5) (16.1,87.8)
Sex [%] 100.0
(N=7,684)
Female 53.4 60.2 59.8 64.2 379 54.8 58.0 54.4
Employment status [%] 96.9
(N=7,443)
Full-time employed 69.8 60.9 63.6 65.2 68.1 45.8 49.2 60.6
Part-time employed 20.2 12.9 13.5 8.8 11.0 20.1 324 16.8
Student 2.5 18.6 12.0 12.0 17.0 22.8 13.8 14.4
Home duties/ unemployed/ 7.5 7.6 10.9 14.0 3.9 11.3 4.6 8.2

retired/ sickness leave/
parental leave

105



Baseline Questionnaire Subsample [%  Antwerp Barcelona London Orebro Rome Vienna Zurich Total
of sample
Respondents]
Household Income [%] 63.9
(N=5,241)
Less than €10,000 0.8 8.9 5.2 6.0 40.0 15.9 4.0 11.3
€10,000 - €24,999 15.1 29.6 10.5 183 36.0 26.4 5.7 20.2
€25,000 - €49,999 48.5 43.3 27.3 41.7 17.4 359 17.0 33.3
€50,000 - €74,999 29.0 121 24.2 259 3.8 16.6 283 20.1
€75,000 - €99,999 4.6 5.0 19.4 6.6 1.3 3.5 209 8.7
€100,000 - €149,999 1.7 0.8 10.2 1.3 0.7 0.9 17.3 4.7
€150,000 or more 0.2 0.3 3.2 0.2 0.8 0.8 6.8 1.7

BUILT ENVIRONMENT (BE
Objective Built Environment (OBE)

Walkability Index 94.6
(N=7,270)
Mean
(SD)
Bikeability Index 13.4
(N=1,032)
Mean
(SD)

Perceived Built Environment (PBE)

Inadequate Parking [%] 86.1
(N=6,616)
Disagree
Neither Agree nor Disagree
Agree
Lack of changing facilities [%] 86.1
(N=6,616)
Disagree
Neither Agree nor Disagree
Agree

4.94
(2.44)

N/A

85.7
6.9
7.4

83.5
9.5
7.0

5.89
(1.84)

N/A

429

19.0
38.1

44.2
25.1
30.7

106

4.90
(1.98)

3.92
(1.79)

60.0
16.6
23.4

58.2
18.8
23.0

411
(2.22)

N/A

90.3
6.0
3.7

80.1
12.8
7.1

531
(2.37)

N/A

45.9
16.2
37.9

35.2
19.2
45.6

5.40
(2.25)

N/A

66.1
10.4
23.5

58.5
12.3
29.2

4.83
(2.33)

N/A

82.9
6.8
10.3

69.5
10.9
19.6

5.13
(2.27)

3.92
(1.79)

65.4
12.2
22.4

59.2
15.9
249



Baseline Questionnaire Subsample [%  Antwerp Barcelona London Orebro Rome Vienna Zurich Total

of sample
Respondents]
Traffic Safety [%] 100.0
(N=7,684)
Disagree 42.1 63.3 67.6 25.0 61.1 56.9 63.4 55.5
Neither Agree nor Disagree 25.4 19.9 19.6 32.5 19.4 24.8 21.5 22.8
Agree 325 16.8 12.8 42.5 19.5 18.3 151 21.7
Crime Safety [%] 100.0
(N=7,684)
Disagree 5.8 21.7 27.7 16.9 27.7 16.6 16.1 19.5
Neither Agree nor Disagree 34.3 38.7 38.1 40.3 41.9 33.2 31.7 371
Agree 59.9 39.6 34.2 42.8 30.4 50.2 52.2 43.4
Comfort [%] 100.0
(N=7,684)
Disagree 9.2 21.1 29.1 13.5 17.9 29.0 26.0 20.9
Neither Agree nor Disagree 16.5 18.7 26.6 19.9 17.6 25.6 22.0 20.8
Agree 74.3 60.2 443 66.6 64.5 45.4 52.0 58.3

SOCIAL ENVIRONMENT (SE

Perceived Social Environment (PSE)

Injunctive Social Norm - Well 83.6
regarded [%] (N=6,635)
Disagree 5.0 13.7 26.8 6.3 26.3 37.9 222 20.2
Neither Agree nor Disagree 17.2 37.6 34.4 42.2 34.3 315 38.6 333
Agree 77.8 48.7 38.8 51.5 394 30.6 39.2 46.5
Descriptive Social Norm - 86.0
Common [%] (N=6,609)
Disagree 13.6 26.2 28.2 10.7 64.8 36.4 29.3 32.2
Neither Agree nor Disagree 18.0 36.3 28.3 323 26.6 35.4 34.7 30.0
Agree 68.4 37.5 43.5 57.0 8.6 28.2 36.0 37.8
Social support [%] 83.6
(N=6,635)
Disagree 34.7 47.4 45.4 32.0 51.3 45.9 42.7 43.5
Neither Agree nor Disagree 25.9 34.2 321 39.7 28.3 32.2 28.5 31.2
Agree 394 18.4 22.5 283 204 219 28.8 25.3
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There was substantial variation in cycling behaviour between the seven case study cities in our
sample. Cities with the highest proportion of Action-Maintainers were, in descending order:
Antwerp, Orebro, Vienna, Zurich and Barcelona, ranging from 88.1% to 41.0%. The only city in
which Contemplation-Preparation dominated was Rome, with 48.3% of residents in this Stage.
Pre-contemplators were the largest category in London with 41.4% of participants in this Stage;
the lowest proportion of this group is, by far, in Antwerp, where only a 3.8% of their participants

were not even thinking about cycling.

Orebro, the smallest city, was the city with the oldest mean age (43.8 years) in the sample.
Barcelona had the youngest at 36.5 years. Orebro also had the highest percentage of women
respondents (64.2%), whereas Rome had the lowest (37.9%). In all of the cities, full-time

employment dominated the sample, but the pattern of other employment levels varied.

The pattern of household income in most cities was normally distributed, but Rome’s sample
skewed toward the lower income range (less than €24,999) and in Zurich the reverse was

observed (more in the > €50,000).

The Walkability Index of the OBE varied more between cities (from 4.11 in Orebro, to 5.89 in
Barcelona) than between the three cycling Stages (from 4.93 in Contemplation-Preparation to

5.24 in Action-Maintenance).

The Antwerp and Orebro samples showed the most positive perceptions of available facilities
(Parking and Shower/Changing facilities) and Comfort of cycling. Barcelona and Rome also had a
relatively high positive perception of Comfort. Antwerp and Orebro were also leaders in having a
positive perception of Traffic Safety, but the prevalence was smaller than for the previously
mentioned three variables. Crime Safety had a slightly different distribution, with Antwerp,

Zurich and Vienna perceived to be the safest from crime.

On the negative side of PBE, Barcelona leads for Inadequate Parking, followed by Rome; Rome
leads in Lack of changing and shower facilities, followed by Barcelona; Traffic Safety is the most
negatively perceived in London, followed by Barcelona and Zurich; Crime Safety is equally
perceived in negative terms by Londoners and Romans; participants who rated cycling least

Comfortable are those from London and Vienna.

The perception of the Social Environment is strongly positive for Social Norms in Antwerp, and
although less strong for Social Support, still the highest of all cities. Orebro consistently shows
high shares for the three, in relation to the rest of the cities. The most negative perceptions of SE

can be observed for Vienna for the Injunctive Social Norm and for Rome, with more than half of
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the participants thinking that Cycling is not Common (Descriptive Social Norm) and perceiving

negative Social Support.

4.2 Correlates of the Stages of Change towards cycling for transport

The multinomial modelling approach enabled the statistical identification of correlates and thus
the potential drivers that motivate people to cycle. This section presents the results of this

analysis and Figure 22 presents a ‘guide to the process’ to assist in navigating the section.

Influence analysis:

Preliminary tests: Variable groups’

models Table 23

Variable selection

Sensitivity analyses:

Univariate
models
Table 19
Correlation tests

Model selection:

Stepwise AIC
Excluded
variable(s)

MNL Influence analyses: J

MOd_EI Univariate models Section 4.2.2.4.
comparisons ‘

Section 4.2.2.1. Group components'
‘ ‘ Collinearity combinations

Section 4.2.2.2.

Controlling for

Income Table 24

MNL Minimally
Adjusted model

Table 22

MNL Maximal
model

Validation tests:

Bikeability proxy
validation

Correlation
matrix

Table 20

Table 25

i

Moderator:
Stratification by city Table 26 & 27

|

Heterogeneity
assessment

Heterogeneity tests Table 28

Goodness of fit:
Pseudo R-Squared  Section 4.2.6.

Section 4.2.2.5.

Note: MNL: multinomial, AIC: Akaike Information Criterion, BE: Built Environment, SE: Social Environment.
Figure 22. Flowchart of the modelling design with indications to the Sections or Tables in which
each of the items can be found.
4.2.1 Preliminary tests
Preliminary tests indicate appropriate selection of variables to proceed with and include in the

Maximal Model.

4.2.1.1 Variable selection

All the variables included in the survey displayed some explanatory power in the initial univariate

models and were thus included in the Maximal Model (Table 19).
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Table 19. Associations expressed as Relative Risk Ratios (RRR) for each of the variables
included in the Maximal model (Univariate models), all adjusted by socio-economic status and
city.

Univariate models
RRR (95% CI)
Pre-contemplation Contemplation-Preparation|
OBJECTIVE BUILT ENVIRONMENT (OBE)
. 0.90 0.89
Walkability (0.88,0.93) (0.87,0.91)
. o 0.95 0.90
Bikeability (London only) (0.87,1.03) (0.82, 1.00)
PERCEIVED BUILT ENVIRONMENT (PBE)
. 2.21 2.33
Inadequate Parking (1.86, 2.62) (1.98, 2.73)
2.79 3.01
Lack of changing facilities (2.35,3.31) (2.57,3.51)
i f 0.12 0.47
Traffic Safety (0.09, 0.15) (0.41,0.55)
. f 0.17 0.36
Crime Safety (0.14, 0.20) (0.30, 0.42)
0.02 0.15
Comfort (0.02,0.03) (0.12,0.18)
PERCEIVED SOCIAL ENVIRONMENT (PSE)
P . 0.51 0.83
Descriptive Social Norm (0.43,0.61) (0.70, 0.98)
. . . 0.53 1.20
Injunctive Social Norm (0.44, 0.64) (1.01, 1.43)
. 0.09 0.71
Social Support (0.07,0.11) (0.61,0.83)

CI: Confidence Interval; BE: Built Environment; SE: Social Environment. Reference group for the outcome
variable: Action-Maintenance. Highlighted in green, CI not including 1.

4.2.1.2 Correlation between variables

Correlation between model variables was considered to have little influence on the model as few

correlations were detected, and these were low or lower moderate (Table 20).

110



Table 20. Correlation coefficients for all the variables of the Maximal model, plus Income.
Socio-Economic Status Built Environment Social Environment
Emplov- Inad Lack of Injunc- Descrip
p oy City» | Walk- chang- Traffic . tive -tive  Social
Agec Sex" ment Incomee° - quate . Crime° Comforte . .
abilityc . ing Safety° Social Social Supporte
statusn Parkinge. ...°
facilitiese Norm° Norm?°
Agec 1.00
Sexn -0.07* 1.00
Employment -0.55% 0.16*  1.00
statusn
Income® 0.20* -0.04 -0.21* 1.00
Cityn -0.16* -0.17* 0.16* 0.27* 1.00
Walkabilityc -0.07* 0.02 0.04* -0.15* | -0.22%* 1.00
Inadequate 0.09% -0.03 0.08 -0.12* | -027* | 0.10*  1.00
Parkinge
Lackofchanging | , 15, o5+ 11¢  -012% | 026* | 004 0.56* 1.00
facilitiese
Traffic Safetye 0.02 -0.07* -0.02 0.06* -0.20* | -0.06* -0.21* -0.19* 1.00
Crime Safety° -0.05* -0.07* -0.04* 0.08* -0.16* 0.05* -0.20*  -0.20%* 0.41%* 1.00
Comforte -0.04* -0.07* -0.04* -0.05* | -0.15* 0.08* -0.13*  -0.18* 0.41%* 0.31% 1.00
Injunctive Social | o, o o7¢  04x  007¢ | -024* | 002 -012¢ -010* 019% 012% 0.14* | 1.00
Norm - Well reg.°
Descriptive Sociall ) o3 14¢  004¢  013* | -032* | 011* -017* -017* 019 013* 012* | 0.56*  1.00
Norm - Common®
Social Supporte -0.03 -0.03 0.03 0.03 -0.13* 0.05* -0.05*  -0.06* 0.21* 0.17* 0.25%* 0.23* 0.20%* 1.00

In bold: correlation coefficient values above 0.30 or below -0.30.

*P<0.01

«_n»

Superscripts: “c”, continuous variable; “n”, nominal categorial variable; “0”, ordered categorical variable.

See Table 15 for the statistical tests used for each pair of variables.
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Notes: the Bikeability variable has not been included, as this matrix was computed for the general
sample of the study. In Section 4.2.4.2, the correlation coefficient for Bikeability vs. Walkability is

presented in relation to the London subsample.

The strongest correlations found were in the lower ranges of ‘moderate’ correlation (rho=0.56)
and they were between the pairs of variables Lack of changing facilities : Inadequate parking; and
Descriptive Social Norm : Injunctive Social Norm. The rest of the correlations fell in the Low range
and were between the pairs Crime Safety : Traffic Safety, and Comfort : Traffic Safety (both
rho=0.41). Finally, there was a Low, almost negligible correlation between Comfort and Crime

(rho=0.31). All of these correlations were statistically significant (P < 0.01).

The only other correlation was between the control variables Age and Employment Status

(moderate). This might hint at the collinearity that will later be found for Age, see Section 4.2.2.2.

4.2.2 Model selection

A stepwise simplification procedure produced a parsimonious model, the Minimal Adequate
model. In this process, only one variable did not offer sufficient explanatory power to be retained,

which strongly justifies the initial selection of variables.

4.2.2.1 Multinomial model comparisons

The Descriptive Social Norm did not have sufficient explanatory power to be retained in the
model, all other explanatory variables were retained. The forward stepwise procedure showed a
negligible change in the AIC (Maximal model AIC = 8,709 and Minimal Adequate model AIC =
8,702). Additionally, an ANOVA between both models did not identify any significant change in
explanatory power of the model due to the simplification (LR=1.10, d.f. =4, p=0.89), which

supported the reduction of this variable.

4.2.2.2 Collinearity

Even though the correlation matrix did not indicate any strong correlation between any pair of
variables, a posterior collinearity test was applied to make sure that no linear relations between

pairs of variables could be compromising the precision of the coefficient estimates (Table 21).

The General Variance Inflation Factor GVIF, and its normalised version GVIFY/(2*4df) were used

to estimate this (see Section 3.3.5.2).
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Table 21. Normalised General variance-inflation factor results for the collinearity
assessment of the variables included in the Minimal Adequate model

Variables in the Minimal Adequate model GVIF Df GVIF*(1/(2*Df))
SOCIO-ECONOMIC STATUS (SES)

Age 18.52 1 4.30
Sex 3.15 1 1.78
Employment status 5.13 3 1.31
CITY

City 126.70 6 1.50

BUILT ENVIRONMENT (BE)

OBJECTIVE BUILT ENVIRONMENT (OBE)

Walkability 8.09 1 2.84
PERCEIVED BUILT ENVIRONMENT (PBE)

Inadequate Parking 4.38 2 1.45
Lack of changing facilities 4.83 2 1.48
Traffic Safety 2.11 2 1.21
Crime Safety 7.36 2 1.65
Comfort 6.49 2 1.60

SOCIAL ENVIRONMENT (SE)

PERCEIVED SOCIAL ENVIRONMENT (PSE)

Injunctive Social Norm - Well regarded 6.89 2 1.62
Social Support 2.31 2 1.23

GVIF, Generalised variance-inflation factor; Df, Degrees of freedom. Highlighted in green,
GVIF~(1/(2*Df))>3.2.

The threshold for GVIFY/(*4f) was established as 3.2. The only variable with a collinearity
measure above the threshold was Age, with a GVIF/(2%@f) = 4.3, This collinearity does not create
any problems in regard to the model, as this affects only the estimates of the variable Age, which
is a control variable. Furthermore, the correlation matrix did not show any strong correlations
for this variable. In this situation, collinearity can be ignored and no further action is required

(Johnston, Jones & Manley, 2018; O’Brien, 2017; Allison, 2012a).

4.2.2.3  Predictors for each of the variables in the Minimal Adequate model

Relative Risk Ratios for both of the comparison levels (Pre-contemplation and Contemplation-
Preparation) of the outcome variable, the Stages of Change, are presented in Table 22. The total
sample for the Minimal Adequate model was n=6,194. For guidance interpreting RRRs, see
Section 3.3.1.3. Results in percent relative effect for the Minimal Adequate model are included in

Table 27.
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Table 22. Associations expressed as Relative Risk Ratios (RRR) between Built and Social
Environment, and Stages of Change, adjusting for Socio-Economic Status and City in the Minimal

Adequate Model (n=6,194).

STAGES OF CHANGE
(Reference level: Action-Maintenance)
Pre-contemplation ~ COntemplation-
p Preparation
Variables in the Minimal Adequate model RRR (95% CI) RRR (95% CI)
SOCIO-ECONOMIC STATUS (SES)
. . 1.02 0.99
Age (Continuous variable) (1.01,1.03) (0.99,1.00)
1.88 1.73
Females (Reference: Males) (157, 2.25) (1.49, 2.00)
Employment status (Reference: Full-timer)
Part-timer 0.88 0.87
(0.69,1.13) (0.71, 1.06)
1.36 1.48
Student (1.03,1.79) (1.19, 1.84)
Unemployed 2.62 2.33
(1.87, 3.66) (1.74,3.12)
CITY (Reference: Antwerp)
19.94 4.01
Barcelona (12.65,31.43) (2.92,5.51)
London 13.70 3.37
(8.66,21.68) (2.42, 4.68)
Orebro 291 2.04
(1.74, 4.88) (1.45, 2.86)
Rome 4.84 10.67
(3.00,7.79) (7.91, 14.39)
Vienna 6.41 4.37
(4.02,10.22) (3.19,5.98)
Zurich 10.61 4.73
(6.68,16.85) (3.45, 6.50)
BUILT ENVIRONMENT (BE,
OBJECTIVE BUILT ENVIRONMENT (OBE)
- . . 0.95 0.89
Walkability (Continuous variable) (0.91,0.99) (0.86,0.92)
PERCEIVED BUILT ENVIRONMENT (PBE)
. e 1.34 1.58
Inadequate Parking (Reference: Disagree) (1.06, 1.69) (131,1.91)
. - o 1.54 2.01
Lack of changing facilities (Reference: Disagree) (1.23,1.93) (1.67, 2.41)
. . 0.47 0.86
Traffic Safety (Reference: Disagree) (0.35, 0.64) (0.71,1.04)
. e 0.51 0.64
Crime Safety (Reference: Disagree) (0.40, 0.66) (0.52,0.79)
: 0.04 0.19
Comfort (Reference: Disagree) (0.03, 0.05) (0.15,0.23)
SOCIAL ENVIRONMENT (SE)
PERCEIVED SOCIAL ENVIRONMENT (PSE)
. . . o 0.96 1.52
Injunctive Social Norm - Well regarded (Reference: Disagree) (0.76,1.21) (1.24, 1.85)
. e 0.15 0.88
Social Support (Reference: Disagree) (0.11, 0.20) (0.73,1.05)

RRR: Relative Risk Ratio; CI: Confidence Interval. Reference group for the outcome variable: Action-

Maintenance. Highlighted in green, CI not including 1.



The RRRs identified as important statistically (when the 95% Cl interval does not include 1) from
this sample are highlighted in green in this table (and in all other tables showing RRRs).
Continuous variables tend to show RRRs closer to one partly due to the nature of their
interpretation (see Section 3.3.1.3). For example, the model identified a 2% increase in the risk of

being in Pre-contemplation for each additional year of age.

Of the Socio-Economic Status variables, gender showed the biggest influence on Stage of Change,
with women less likely to be in Action-Maintenance; they had an 88% greater risk of being in Pre-

contemplation and a 73% of being in Contemplation-Preparation than men.

The reference level for cities is Antwerp, the city with the highest proportion of people cycling

(Table 18; see Section 4.2.5 for a stratification by city).

Improvements in Walkability significantly increase the odds of being in Action-Maintenance, with
changes making less of an influence on those who are in Pre-contemplation than those in

Contemplation-Preparation.

People who agreed that Inadequate parking and Lack of facilities were barriers to cycling were
less likely to be cycling (in Action-Maintenance stage), and these perceptions acted as stronger

deterrents for those in Contemplation-Preparation than for those in Pre-contemplation.

People who agreed that cycling was safe with regards to both traffic and crime and were
comfortable cycling were more likely to be cycling (in Action-Maintenance stage), with these
perceptions having a larger positive influence on those in Pre-contemplation than on those in
Contemplation-Preparation (except for the Traffic Safety variable, which was not statistically

significant enough for the coefficient of Contemplation-Preparation stage).

People who felt cycling was well regarded within their neighbourhoods (Injunctive norm) were
more likely to be in Contemplation-Preparation vs Action-Maintenance; the variable had no effect
on Pre-contemplators. Inversely, those who felt people important to them supported their
traveling by bicycle (Social Support) were less likely to be in Pre-contemplation than in Action-
Maintenance (that is, more likely to cycle), with no effect on the likelihood of being in

Contemplation-Preparation vs Action-Maintenance.

4.2.24 Influence analysis of the excluded variable: univariate models

The variable Descriptive Social Norm had explanatory power in the univariate preliminary tests

(Table 23), although it lost its power when integrated into a model with all the other variables.
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4.2.2.5 Influence analysis of the excluded variable: Variable group components” combinations

Descriptive Social Norm was part of the perceived social environment (PSE) group of variables.
In order to test the significance of Descriptive Social Norm, several combinations of the
component variables of its PSE group were additionally estimated within the framework of the
multivariate maximal model. The Descriptive Social Norm only displayed explanatory power
when estimated as the only representative of the PSE group. Whenever any other of the PSE group

variables were also included, they obscured any effect of Descriptive Social Norm.

The Descriptive Social Norm variable was moderately correlated with the Injunctive Social Norm
(Table 11, rho= 0.56, P < 0.001). Both variables are Social Norms, thus the correlation might

indicate that they two may describe similar patterns related to Social Norms.

4.2.3 Influence analysis: variable groups

In order to assess the overall effect of the BE and SE groups of variables, the Minimal Adequate

model with each of the variable groups removed was estimated (Table 23).

Table 23. Associations expressed as Relative Risk Ratios (RRR) for each of the variables
included in the Minimal Adequate model for each group of variables (BE only and SE only), all
adjusted by SES and city.

BE only SE only
RRR (95% CI) RRR (95% CI)
Pre- Contemplation-| Pre- Contemplation-
contemplation  Preparation contemplation Preparation
OBJECTIVE BUILT ENVIRONMENT (OBE)
. 0.94 0.89
Walkability (0.90,097)  (0.87,0.92)
PERCEIVED BUILT ENVIRONMENT (PBE)
. 1.31 1.54
Inadequate Parking (1.05,1.64)  (1.28,1.85)
1.53 2.04
Lack of changing facilities (1.23,1.90)  (1.70,2.44)
. 0.43 0.87
Traffic Safety (0.32,058)  (0.71,1.06)
Cri Saf 0.47 0.65
rime Safety (0.37,0.60)  (0.53,0.80)
0.04 0.19
Comfort (0.03,0.04)  (0.15,0.24)
PERCEIVED SOCIAL ENVIRONMENT (PSE)

. . . 0.75 1.27
Injunctive Social Norm (0.62,091)  (1.06,1.52)
. 0.09 0.70
Social Support (0.07,0.12)  (0.59,0.82)

CI: Confidence Interval; BE: Built Environment; SE: Social Environment. Reference group for the outcome
variable: Action-Maintenance. Highlighted in green, CI not including 1.
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Relative Risk Ratios do not vary much when one of the variable groups is removed from the
Minimal Adequate model (Table 22 vs. Table 23). Although changes are small in both models,
predictors in the “SE only” show a more noticeable change. In the “SE only” model compared to
the Minimal Adequate model, all variables become significant, and all display a stronger effect

except for a slightly lower effect of the Injunctive Social Norm on Contemplation-Preparation.

4.2.4 Sensitivity analysis

4.24.1 Controlling for Income

The variable Income was not included in the Maximal model because of the number of missing
values in the category (36.1%), nevertheless it is considered a relevant variable in this type of
studies and thus a sensitivity analysis was performed on the Minimal Adequate model, controlling

for Income.

Table 24. Associations expressed as Relative Risk Ratios (RRR) between Built and Social
Environment and Stages of Change, adjusting for Socio-Economic Status and City in the Minimal
Adequate Model (n=6,194) compared with the Model controlling for Income (n=4,923).

Minimal Adequate model Minimal Adequate model
controlling for Income
Pre- Contemplation- | Pre- Contemplation
contemplation Preparation contemplation -Preparation
RRR (95% CI) RRR(95%CI) | RRR (95% CI) RRR (95% CI)
Objective Built Environment (OBE)

. 0.95 0.89 0.94 0.89
Walkability (0.91, 0.99) (0.86,0.92) (0.90, 0.99) (0.86, 0.92)
Perceived Built Environment (PBE)

. 1.34 1.58 1.29 1.51
Inadequate Parking (1.06, 1.69) (1.31,1.91) (0.99, 1.68) (1.22,1.88)
Lack of changing 1.54 2.01 1.45 2.08
facilities (1.23,1.93) (1.67,2.41) (1.12,1.87) (1.69, 2.56)
. 0.47 0.86 0.41 0.76
Traffic Safety (0.35, 0.64) (0.71, 1.04) (0.29, 0.59) (0.61, 0.96)
. 0.51 0.64 0.55 0.64
Crime Safety (0.40, 0.66) (0.52,0.79) (0.42,0.73) (0.50, 0.80)
0.04 0.19 0.04 0.21
Comfort (0.03, 0.05) (0.15, 0.23) (0.03, 0.06) (0.16, 0.27)

SOCIAL ENVIRONMENT (SE)

Perceived Social Environment (PSE)
0.96 1.52 0.87 1.44

Injunctive Social Norm  ( 7¢ 1 71) (1.24,1.85) (0.67, 1.14) (1.15,1.81)
_ 0.15 0.88 0.16 0.93
Social Support (0.11, 0.20) (0.73, 1.05) (0.12, 0.22) (0.75, 1.14)

RRR: Relative Risk Ratio; CI: Confidence Interval. Reference group for the outcome variable: Action-
Maintenance. Highlighted in green, CI not including 1.
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As observed in Table 24, there were not many differences in the RRRs when Income was
controlled for. Whenever differences were observed, they were very small (only at the level of a
few centesimal digits) and, they always maintained direction (RRR being smaller or bigger than

1).

A stepwise regression using an Akaike Information Criterion (AIC) was used to test the strength
of the model controlling for Income. The model obtained after applying the AIC-based selection
method excluded the variable Income, meaning that this variable was not explanatory enough to
be retained. This result supported the decision to exclude the variable Income from the model, in

addition to avoid loss of data due to missing Income values.

4.2.4.2 Bikeability proxy validation for London

A 95% Spearman rank correlation test between Walkability and Bikeability variables was
performed (rho=0.48, P < 0.05), there is thus a moderate positive correlation between these

variables (Hinkle, Wiersma & Jurs, 2003; Mukaka, 2012) and supports the use of Walkability as a
proxy.

As seen in Table 23, the univariate model using Bikeability instead of Walkability for London
indicates that the variable is not sufficiently explanatory to be included in a hypothetical model.
It is unknown if this would change were the Bikeability sample were larger (the number of fitted

values in the univariate model is 1,014).

The Minimal Adequate model was run for the city of London - also included in Table 26 - and
compared with a model in which the Walkability variable was substituted for the Bikeability one.

The results of the two London models are presented in Table 25:
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Table 25.

Associations expressed as Relative Risk Ratios (RRR) in the Minimal Adequate

model for London (n=785) compared with the model using Bikeability (n=818) instead of

Walkability.
Minimal Adequate model for Minimal Adequate model for
London London with Bikeability instead
of Walkability
Pre- Contemplation | Pre- Contemplation
contemplation -Preparation | contemplation -Preparation
RRR (95% CI) RRR(95%CI) | RRR(95% CI) RRR (95% CI)

BUILT ENVIRONMENT (BE)

Objective Built Environment (OBE)

Walkability 1.05 0.95
(0.93,1.18) (0.84, 1.06)
Bikeability 0.93 0.88
(0.82,1.07) (0.77,1.01)
Perceived Built Environment (PBE)
Inadequate Parking 1.33 1.47 1.36 1.56
(0.71, 2.49) (0.80, 2.71) (0.73,2.52) (0.86, 2.83)
Lack of changing 1.28 231 1.28 2.16
facilities (0.68, 2.44) (1.28,4.17) (0.68,2.41) (1.21, 3.84)
Traffic Safety 0.62 0.52 0.62 0.56
(0.27,1.44) (0.24,1.11) (0.27,1.43) (0.27,1.14)
Crime Safety 0.54 0.71 0.50 0.72
(0.28,1.04) (0.38,1.34) (0.26, 0.95) (0.39,1.34)
Comfort 0.02 0.12 0.02 0.11
(0.01, 0.04) (0.06, 0.24) (0.01, 0.04) (0.05, 0.22)

SOCIAL ENVIRONMENT (SE)

Perceived Social Environment (PSE)

Injunctive Social Norm 1.49 1.89 1.63 1.96
(0.82,2.70) (1.05, 3.41) (0.90, 2.94) (1.09, 3.52)

Social Support 0.11 0.57 0.11 0.60
(0.05, 0.22) (0.31,1.02) (0.06, 0.23) (0.33,1.07)

RRR: Relative Risk Ratio; CI: Confidence Interval. Reference group for the outcome variable: Action-
Maintenance. Highlighted in green, CI not including 1.

All RRRs associated with the indices lack sufficient statistical strength. However, as this is the
focus of this sensitivity analysis, it is worth making some observations. This validation test
showed that when using Bikeability instead of Walkability the differences were very small. In the
majority of cases, results follow the tendencies and directions already observed with the use of

Walkability.

This said, there was a change of direction in the Pre-contemplation coefficients between the
indices. With an increase in the Bikeability index, participants were more likely to be in the
reference groups rather than in Action-Maintenance than in the other Stages. In contrast, with an
increase in the Walkability index, respondents were only more likely to be in Pre-contemplation
than in Action-Maintenance, but less likely to be in Contemplation-Preparation. In other words,

this change of direction would mean that, with a better walking environment (a higher
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Walkability score) people were more likely to be “Not thinking about cycling” rather than being
“Cycling”, but with a better cycling environment (or a higher Bikeability score) people were less
likely to be “Not thinking about cycling” than “Cycling”. But again, this change was small in both

models, and all RRRs associated with the indices lack sufficient statistical strength.

Regarding the other variables, the most noticeable change is that Crime Safety becomes a
significant deterrent for Pre-contemplators once the model is adjusted for Bikeability instead of

Walkability.

The only other variable with a change of more than 10 percentage points and sufficient statistical
significance is the Lack of Changing Facilities. The people in the Contemplation-Preparation Stage
are 116% more likely to perceive a Lack of Changing Facilities than those in Action-Maintenance
in the Bikeability model, but this likelihood was 15 percentage points higher in the Walkability
model (131%).

4.2.5 City as a moderator: Stratification by city

As explained in Section 3.3.8, the variable city was considered a moderator in this study. In this
case, a stratification is recommended by the literature (Bauman et al., 2002). Seven models, one
for each city sample, were produced; each one used the same configuration as the Minimal

Adequate model but without fitting the variable city. The results are shown in Table 26:
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Table 26. Models for each of the seven cities, adjusted for Socio-Economic Status, with associations expressed as Relative Risk Ratios between
Built and Social Environment and Stages of Change, adjusting for Socio-Economic Status in models for each of the 7 cities.
Antwerp Barcelona London Orebro Rome Vienna Zurich
RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI)
Pre- Contemplat Pre- Contemplati Pre- Contemplati Pre- Contemplati Pre- Contemplati Pre- Contemplati Pre- Contemplati
contemplat ion- contemplat on- contemplat on- contemplat on- contemplat on- contemplat on- contemplat on-
ion Preparation ion Preparation ion Preparation ion Preparation ion Preparation ion Preparation ion Preparation

BUILT ENVIRONMENT (BE)
Objective Built Environment (OBE)
Walkability 0.95 0.83

(0.79,1.14) (0.75, 0.93)

Perceived Built Environment (PBE)

Inadequate 8.38 2.76
Parking (2.30,30.46) (1.23, 6.19)
Lack of changing 0.42 2.18
facilities (0.07,2.72) (0.99, 4.79)
0.57 1.01
Traffic Safety (0.14,2.35) (0.55,1.87)
. 0.51 0.47
Crime Safety (131 95) (0.19, 1.14)
Comfort 0.03 0.44

(0.01,0.08) (0.19,1.02)

0.81 0.79
(0.73,0.91) (0.71,0.88)

0.86 1.51
(0.53,1.38) (0.95,2.38)
1.77 1.38
(1.08,2.92) (0.86,2.22)
0.44 0.54
(0.24,0.82) (0.31,0.93)
0.38 0.37
(0.22,0.67) (0.22,0.63)
0.04 0.21

(0.02,0.07) (0.10, 0.43)

1.05 0.95
(0.93,1.18) (0.84, 1.06)

133 1.47
(0.71, 2.49) (0.80, 2.71)

1.28 231
(0.68, 2.44) (1.28, 4.17)

0.62 0.52
(0.27,1.44) (0.24,1.11)

0.54 0.71
(0.28,1.04) (0.38, 1.34)

0.02 0.12
(0.01, 0.04) (0.06, 0.24)

0.97
(0.83,1.13)

0.89
(0.79, 0.99)

2.30
(0.53,9.95)

2.08
(0.66, 6.54)

0.32
(0.12, 0.89)

0.83
(0.29, 2.33)

0.04
(0.02, 0.10)
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(0.36, 4.13)

4.24
(1.86, 9.69)

0.72
(0.36, 1.42)

0.91
(0.42,1.96)

0.10
(0.05,0.22)

1.04 0.92
(0.94,1.15) (0.87,0.98)

1.46 1.29
(0.80, 2.68) (0.92,1.82)

1.69 1.84
(0.88,3.23) (1.30,2.61)

0.16 1.13
(0.04,0.72) (0.77,1.66)

0.16 0.51
(0.07,0.38) (0.34,0.77)

0.01 0.11
(0.01,0.03) (0.06, 0.20)

0.95
(0.87,1.03)

0.93
(0.84,1.02)

2.45
(1.56,3.87)

3.29
(2.11,5.11)

0.79
(0.47,1.34)

1.50
(0.83,2.72)

0.25
(0.15, 0.42)

1.88
(1.09, 3.22)

2.29
(1.36, 3.85)

0.24
(0.10, 0.60)

1.06
(0.56,1.99)

0.05
(0.03, 0.09)

0.90 0.84
(0.82,0.99) (0.77,0.92)

1.77 2.09
(0.86,3.67) (1.10,4.00)
1.06 1.71
(0.60,1.86) (1.02,2.85)
0.54 0.67
(0.26,1.11) (0.36,1.23)
0.48 0.66
(0.26,0.91) (0.36,1.23)
0.11 0.25

(0.06,0.19) (0.15, 0.42)

SOCIAL ENVIRONMENT (SE)

Perceived Social Environment (PSE)

Injunctive 1.51 1.28
Social Norm (0.20,11.06) (0.35, 4.62)
0.74 1.42

Social Support 5 5 50) (0.78, 2.58)

1.01 1.66
(0.56,1.84) (0.87,3.14)
0.06 0.45

(0.03,0.12) (0.27,0.75)

1.49 1.89
(0.82, 2.70) (1.05, 3.41)
0.11 0.57

(0.05,0.22) (0.31,1.02)

0.40 0.81
(0.12,1.25) (0.27,2.40)
0.09 0.61

(0.03,0.34) (0.32,1.16)

0.82 1.83
(0.43,1.55) (1.28,2.62)
0.17 1.47

(0.05,0.52) (1.02,2.11)

0.91 1.45
(0.53,1.59) (0.92,2.29)

0.21 0.78
(0.11,0.43) (0.49,1.26)

0.56 0.72
(0.32,0.97) (0.42,1.25)
0.16 0.84

(0.09,0.31) (0.51,1.37)

RRR: Relative Risk Ratio; CI: Confidence Interval. Reference group for the outcome variable: Action-Maintenance. Highlighted in green, CI not including 1.
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Table 27.

Models for each of the seven cities, adjusted for Socio-Economic Status, with associations expressed in percent relative effect between
Built and Social Environment and Stages of Change, adjusting for Socio-Economic Status.

Minimal Adequate Antwerp Barcelona London Orebro Rome Vienna Zurich
. Contempl Contempl Contemplat Contempl Contempla Contempl Contemplat
Pre-  Contemplati Pre . P Pre- . P Pre- . P Pre- . P Pre- . P Pre- . p Pre- . p
ation- ation- ion- ation- tion- ation- ion-
[%] contempl on- contempl . contempla . | contempl . | contempl . | contempl . | contempl .| contemp .
. . . Preparatio . Preparati ) Preparatio . Preparatio| ; Preparatio . Preparati . Preparatio
ation  Preparation| ation tion on ation ation n ation n ation on lation n

Objective Built Environment (OBE)

Walkability

-5 -11

Perceived Built Environment (PBE)

Inadequate
Parking

Lack of
changing
facilities

Traffic Safety

Crime Safety

Comfort

+34 +58
+54 +101
-53 -14
-49 -36
-96 -81

SOCIAL ENVIRONMENT (SE)
Perceived Social Environment (PSE)

Injunctive
Social Norm

Social Support

-4 +52

-85 -12

-5 -17
+738 +176
-58 +118
-43 +1
-49 -53
-97 -56

+51 +28

-26 +42

-19 -21
-14 +51
+77 +38
-56 -46
-62 -63
-96 -79

+5 -5
+33 +47
+28 +31
-38 -48
-46 -29
-98 -88

-3 -11
+130 +21
+108 +324

-68 -28

-17 -9

-96 -90

-91

+81

-39

+4

+47

-7 -5
+88 +145
+129  +229
-76 -21
+6 +50
-95 -75

+45

-79 -22

+77

+6

+109

+71

Note: Highlighted in green, CI not including 0%. In bold, where risks are halved (>-50%) or doubled (>+100%) in 3-levelled variables (all PBE and PSE variables) and
where risks increased or decreased more than 10% for the 10-levelled variable (Walkability). Reference group for the outcome variable: Action-Maintenance.

Highlighted in green, CI not including 1.
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These results have been presented as both RRR and percent relative effect to make it easier to
observe the size of the effects in Table 27, in comparison to the results for the Minimal Adequate
model from Table 22. The biggest effect sizes (that is, the absolute percent relative effect) indicate
which variables were the most influential in determining the affiliation to the three Stages of

Change.

The variables in our dataset for which more than half of the cities had an RRR that had enough
statistical strength to be of note were Comfort and Social Support. On the other hand, the
perception of cycling being well-regarded is the variable for which the fewest cities had strong

results.

Zurich, Barcelona and Rome presented the largest number of coefficients with sufficient
statistical strength, in contrast with Antwerp showing strong risk differences for only three of the

variables in some of the Stages.

Walkability had a moderate influence on those ‘Not thinking about cycling’ but the effects were
bigger for those ‘Thinking about cycling’. Barcelona stands out as the city with the highest
predictors for this variable; with people being 20% less likely to be in the comparison level rather

than in Action-Maintenance for each additional unit increase in the Walkability index.

The two variables related to the perception of cycling facilities (Inadequate parking and Lack of
changing facilities) report the highest positive risks, with the Lack of changing facilities and
showers being the one with the strongest results. Antwerp’s case was notable not only for
featuring the variable with the strongest effects (Inadequate parking) of all the models, but also
because the results for the Pre-contemplation level of this same variable went in a different
direction from the Minimal Adequate model. In Antwerp, people not thinking about cycling
perceive parking to be much more inadequate than people who are thinking about cycling,
whereas in the complete dataset it is the other way around. Effect sizes for both Inadequate
parking and Lack of changing facilities were also very high in Vienna and Orebro, with both of

them statistically strong for both Stages of Change in Vienna.

Regarding the variables related to safety, the effects were, in general, the most modest of the PBE
group, but still risks were halved in many instances. Although generally results went in the same
direction as in the Minimal Adequate model, Vienna presented an exception (although not
sufficiently strong) with a higher likelihood of people in pre-Action feeling less worried about

crime than people cycling.

Comfort maintains both statistical strength and very high effect size even in the general model,

for which it can be considered to be the most robust variable in the model. The likelihood of
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feeling that cycling is comfortable is overwhelmingly lower in pre-Action stages, especially in Pre-

contemplation.

Findings show significant and strong impact of the SE, consistently across cities except for
Antwerp. Of the SE variables, Social support presents the strongest results and biggest effect sizes
especially in Pre-contemplation. People in that stage are much less likely to feel they have the
social support they need to cycle. Antwerp is an exception that presumably lowers the impact size

and contributes to the loss of statistical strength for people thinking about cycling.

The results of the Injunctive social norm are the weakest and most mixed of the table, with cities
demonstrating opposite effects: in Zurich for example, people in pre-Action are less likely to think
cycling is well-regarded in their neighbourhood, but in Rome and London the effect is the

opposite, with people in pre-Action more likely to think cycling is well-regarded.

4.2.5.1 Heterogeneity assessment

Heterogeneity tests involved computing coefficients Q and 12 (also referred-to as [*2) and the
visual representation on a forest plot of the RRR for each of the cities by comparison level (Pre-

contemplation and Contemplation-Preparation) and variable.
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Table 28. Forest plots for each variable using the RRR presented in Table 22, and adding the Summary RRR and heterogeneity coefficients
“Cochran’s Q” and “I*2” of the associations of each of the factors with the Stages of Change, presented for the two comparison levels Pre-
contemplation and Contemplation-Preparation (Reference: Action-Maintenance).

BUILT ENVIRONMENT (BE)

Objective Built Environment (OBE)
Walkability
Pre-contemplation Contemplation-Preparation
Minimal Adequate model RRR (95%) = 0.95 (0.91, 0.99) Minimal Adequate model RRR (95%) = 0.89 (0.86, 0.92)
Antwerp 0.95 (0.79, 1.14) Antwerp 0.83 (0.75, 0.93)
Barcelona 0.81(0.73,0.91) Barcelona 0.79 (0.71, 0.88)
London 1.05 (0.93,1.18) London 0.95 (0.84, 1.06)
Orebro 0.97 (0.83, 1.13) Orebro - 0.89 (0.79, 0.99)
Rome 1.04 (0.94, 1.15) Rome —_—— 0.92 (0.87,0.98)
Vienna 0.93 (0.84, 1.02) Vienna 0.95 (0.87,1.03)
Zurich 0.90 (0.82, 099) Zurich 0.84 (0.77,0.92)
Summary > 0.94 (0.90,0.98) | Summary ~ 0.89 (0.86, 0.92)
0741 0.819  0.905 1 1.105 0.741 0.819 0.905 1
RRR RRR
Q(df=6)=0.8073, p-val = 0.9919 Q(df=6) =0.6054, p-val = 0.9963
[*2 (total heterogeneity / total variability): 0.00% [*2 (total heterogeneity / total variability): 0.00%
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Perceived Built Environment (PBE)

Inadequate Parking

Pre-contemplation

Contemplation-Preparation

Minimal Adequate model RRR (95%) = 1.34 (1.06, 1.69)

Antwerp 8.38 (2.30, 30.46)
Barcelona | ———=——— 0.86 (0.53, 1.38)
London 1.33(0.71, 2.49)
Orebro 2.30 (0.53,9.95)
Rome — 1.46 (0.80, 2.68)
Vienna e 1.88 (1.09, 3.22)
Zurich 1.77 (0.86, 3.67)
Summary - 1.45 (1.13, 1.86)
1 2.718 7.389 20.086

RRR

Minimal Adequate model RRR (95%) = 1.58 (1.31, 1.91)

Antwerp

Barcelona B

London

Orebro
Rome 7
Vienna

Zurich

Summary

.

0.368 1 2.718

RRR

2.76 (1.23, 6.19)
1.51 (0.95, 2.38)
1.47 (0.80, 2.71)
1.21(0.36, 4.13)
1.29 (0.92, 1.82)

2.45 (1.56, 3.87)
2.09 (1.10, 4.00)

1.66 (137, 2.03)

Q(df = 6) =6.2069, p-val = 0.4004
[72 (total heterogeneity / total variability): 0.00%

Q(df = 6) = 2.0301, p-val = 0.9169

[72 (total heterogeneity / total variability): 0.00%
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Lack of changing facilities

Pre-contemplation
Minimal Adequate model RRR (95%) = 1.54 (1.23, 1.93)

Contemplation-Preparation
Minimal Adequate model RRR (95%) = 2.01 (1.67, 2.41)

Antwerp 0.42 (0.07,2.72)
Barcelona B —— 1.77 (1.08, 2.92)
London — 1.28 (0.68, 2.44)
Orebro 2.08 (0.66, 6.54)
Rome — 1.69 (0.88, 3.23)
Vienna 2.29 (1.36, 3.85)
Zurich —_— 1.06 (0.60, 1.86)
Summary R 1.59 (1.24, 2.02)

0.135 0.368 1 2.718 7.389

RRR

Antwerp 2.18 (0.99, 4.79)
Barcelona 1.38 (0.86, 2.22)
London 2.31(1.28,4.17)
Orebro 4.24 (1.86,9.69)
Rome 1.84 (1.30, 2.61)
Vienna 3.29(2.11,5.11)
Zurich 1.71 (1.02, 2.85)
Summary i 2.10 (1.73, 2.54)
1 1.649 2.718 4.482 7.389

RRR

Q(df = 6) =3.1812, p-val = 0.7858
[72 (total heterogeneity / total variability): 0.00%

Q(df = 6) =3.0603, p-val = 0.8012
[72 (total heterogeneity / total variability): 0.00%

Traffic Safety

Pre-contemplation
Minimal Adequate model RRR (95%) = 0.47 (0.35, 0.64)

Contemplation-Preparation
Minimal Adequate model RRR (95%) = 0.86 (0.71, 1.04)

Antwerp 0.57 (0.14, 2.35)
Barcelona —_ 0.44 (0.24, 0.82)
London 0.62(0.27,1.44)
Orebro 0.32(0.12, 0.89)
Rome 0.16 (0.04, 0.72)
Vienna 0.24 (0.10, 0.60)
Zurich —_—— 0.54 (0.26, 1.11)
Summary - 0.42 (0.30, 0.58)

0.05 0.135 0.368 1 2.718

RRR

Antwerp 1.01 (0.55, 1.87)
Barcelona 0.54 (0.31,0.93)
London 0.52 (0.24, 1.11)
Orebro 0.72 (0.36,1.42)
Rome 1.13(0.77, 1.66)
Vienna 0.79 (0.47, 1.34)
Zurich 0.67 (0.36, 1.23)
Summary el 0.81 (0.65, 0.99)

0.223 0.368 0.607 1 1.649

RRR

Q(df = 6) =2.6376, p-val = 0.8528
[72 (total heterogeneity / total variability): 0.00%

Q(df = 6) = 1.9487, p-val = 0.9244
[72 (total heterogeneity / total variability): 0.00%
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Crime Safety

Pre-contemplation
Minimal Adequate model RRR (95%) = 0.51 (0.40, 0.66)

Contemplation-Preparation
Minimal Adequate model RRR (95%) = 0.64 (0.52, 0.79)

Antwerp 0.51 (0.13, 1.95)
Barcelona 0.38(0.22, 0.67)
London 0.54 (0.28,1.04)
Orebro 0.83 (0.29, 2.33)
Rome 0.16 (0.07, 0.38)
Vienna — 1.06 (0.56, 1.99)
Zurich 0.48 (0.26,0.91)
Summary > 0.50 (0.38, 0,66)

0.135 0.368 1 2.718

RRR

Antwerp 0.47 (0.19, 1.14)
Barcelona 0.37 (0.22, 0.63)
London 0.71 (0.38, 1.34)
Orebro 0.91 (0.42, 1.96)
Rome 0.51 (0.34,0.77)
Vienna 1.50 (0.83, 2.72)
Zurich 0.66 (0.36,1.23)
Summary > 0.63 (0.50,0.79)

0.368 1 2.718

RRR

Q(df = 6) =5.4501, p-val = 0.4875
[72 (total heterogeneity / total variability): 0.00%

Q(df = 6) =4.2492, p-val = 0.6430
[72 (total heterogeneity / total variability): 0.00%

Comfort

Pre-contemplation
Minimal Adequate model RRR (95%) = 0.04 (0.03, 0.05)

Contemplation-Preparation
Minimal Adequate model RRR (95%) = 0.19 (0.15, 023)

Antwerp 0.03 (0.01, 0.08)
Barcelona 0.04 (0.02,0.07)
London 0.02 (0.01, 0.04)
Orebro 0.04 (0.02, 0.10)
Rome 0.01 (0.01, 0.03)
Vienna 0.05 (0.03, 0.09)
Zurich — = | 0.11(0.06,0.19)
Summary - 0.04 (0.03, 0.05)

0.007 0.018 0.05 0.135

RRR

Antwerp 0.44 (0.19,1.02)
Barcelona 0.21(0.10, 0.43)
London 0.12 (0.06, 0.24)
Orebro 0.10 (0.05, 0.22)
Rome 0.11 (0.06, 0.20)
Vienna 0.25 (0.15, 0.42)
Zurich _— 0.25 (0.15, 0.42)
Summary e 0.19 (0.15, 0.24)

0.135 0.368 1 2.718 7.389

RRR

Q(df=6) =8.5922, p-val = 0.1978
[72 (total heterogeneity / total variability): 33.11%

Q(df = 6) =4.7300, p-val = 0.5789
[72 (total heterogeneity / total variability):

0.00%
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SOCIAL ENVIRONMENT (SE)

Perceived Social Environment (PSE)

Injunctive Social Norm

Pre-contemplation
Minimal Adequate model RRR (95%) =

Contemplation-Preparation
Minimal Adequate model RRR (95%) =

Antwerp

Barcelona

London —

Orebro
Rome
Vienna

Zurich

Summary

0.135 0.368 1

RRR

2.718 7.389

1.51 (0.20, 11.06)
1.01 (0.56, 1.84)
1.49 (0.82, 2.70)
0.40 (0.12, 1.25)
0.82 (0.43, 1.55)
0.91 (0.53, 1.59)
0.56 (0.32,0.97)

0.87 (0.68, 1.13)

Antwerp
Barcelona
London
Orebro
Rome
Vienna

Zurich

Summary

1.28 (0.35, 4.62)
1.66 (0.87, 3.14)
1.89 (1.05, 3.41)
0.81 (0.27, 2.40)
1.83 (1.28, 2.62)
— 1.45 (0.92, 2.29)
0.72 (0.42, 1.25)

e

1.45 (1.18, 1.79)

0.368  0.607 1 1.649

RRR

2.718  4.482

Q(df = 6) = 3.1116, p-val = 0.7947

[*2 (total heterogeneity / total variability):

0.00%

Q(df = 6) = 2.8959, p-val = 0.8218
[72 (total heterogeneity / total variability): 0.00%
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Social Support

Pre-contemplation
Minimal Adequate model RRR (95%) =

Contemplation-Preparation
Minimal Adequate model RRR (95%) =

Antwerp
Barcelona
London
Orebro
Rome
Vienna
Zurich

Summary

e

0.05 0.135 0.368 1

RRR

0.74 (0.25, 2.20)
0.06 (0.03,0.12)
0.11 (0.05,0.22)
0.09 (0.03, 0.34)
0.17 (0.05, 0.52)
0.21(0.11, 0.43)
0.16 (0.09, 0.31)

0.14 (0.11,0.19)

2.718

Antwerp
Barcelona
London
Orebro
Rome
Vienna
Zurich

Summary

-

0.368 0.607 1

RRR

1.649

1.42 (0.78, 2.58)
0.45 (0.27, 0.75)
0.57 (0.31, 1.02)
0.61(0.32, 1.16)
1.47 (1.02, 2.11)
0.78 (0.49, 1.26)
0.84 (0.51, 1.37)

0.87 (0.72, 1.05)

2.718

Q(df = 6) = 7.8490, p-val = 0.2494

172 (total heterogeneity / total variability): 19.60%

Q(df = 6) = 4.9090, p-val = 0.5555

[72 (total heterogeneity / total variability): 0.00%

Shadowed

: 172 > 30%, see Section 3.3.8.1 for interpretation of this coefficient
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The only variables that demonstrate any heterogeneity were Comfort and Social Support, with
the latter not even reaching the lowest threshold of importance. Comfort had 33.11% of
inconsistency, which falls within the thresholds of both no importance and moderate importance
(Table 28). It should also be noted that the p-values for the Q coefficients used in the computation
of I*2 are bigger than 0.10 - the threshold usually used for p-values in heterogeneity assessment,
rather than the conventional level of 0.05. For these reasons, this inconsistency should not be

considered to be important. No further tests are advised in this case (Higgins et al, 2019).

4.2.6 Goodness of fit

McFadden's pseudo R-squared was used to assess the goodness of fit of the models. The test can
only establish comparison between models with exactly the same number of variables, which
means the Minimal Adequate Model could only be compared with the City models. Values of
McFadden's pseudo R-squared have been also computed for the SE and the BE models, although

they cannot be compared with the rest of the models.

Table 29. Goodness of fit of the models (McFadden's pseudo R-squared)

Model McFadden's pseudo R-squared
Minimal Adequate model (Table 22) 0.31
Antwerp (Table 26) 0.22
Barcelona (Table 26) 0.30
London* (Table 26) 0.33
Orebro (Table 26) 0.28
Rome (Table 26) 0.25
Vienna (Table 26) 0.25
Zurich (Table 26) 0.20
Built Environment (BE) (Table 23) 0.28
Social Environment (BE) (Table 23) 0.17

* The London Walkability and Bikeability models report the same values. Values between 0.2 and 0.4
in this test are considered to indicate an excellent fit of the model.
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5 DISCUSSION

5.1 Study summary and principal findings

This study analyses a sample of participants of an on-line survey that was launched in seven Case-
Study Cities within the European project PASTA (Physical Activity through Sustainable Transport
Approaches). The 7,684 participants have been assigned to one of three Stages of Change, using
the psychological framework first proposed by Prochaska and Velicer (1997), the

Transtheoretical Model.

A statistical model has been used to measure the associations of built and social environment
with the Stages of Change. Each participant of the PASTA questionnaire has been diagnosed into
one of the five Stages of Change based on the answers to specific questions. The variables that
defined these Stages of Change referred to whether participants (1) were defined as cyclists or
non-cyclists based on their frequency cycling for travel (more than once a week), (2) had the
intention of cycling for transport in the future, (3) had access to a bicycle (private or shared), (4)
had increased cycling over the previous 12 months, and (5) cycled for travel automatically,

without thinking about it.

The model has been fit with Objective and Perceived Built Environment variables and Perceived
Social Environment variables, controlling also for Socio-Demographic variables and for the
participants’ City. Stepwise simplification of the model only failed to retain one variable, the
Descriptive Social Norm, belonging to the SE variable group and based on the question “In my
neighbourhood, it is common for people to cycle ‘for travel’””. The two other SE variables were
retained: Injunctive Social Norm, from the question “In my neighbourhood cycling is well
regarded” and Social Support “Most people who are important to me think that I should cycle ‘for
travel”. All BE variables were retained in the model, including those about Objective and
Perceived BE. The OBE was measured through the Walkability index (a score ranging from 1 to
10). Perceived BE variables featured perceptions on the availability of cycle parking (“Inadequate
parking for my bike at home and at my destinations make it impossible for me to cycle more”),
changing facilities and showers (“The lack of changing and shower facilities at my destinations
prevents me from using a bicycle”), Traffic Safety (“With your day-to-day needs in mind would
you say that cycling ‘for travel’ is safe with regards to traffic”) , Crime Safety (same question as
Traffic Safety but ending in “... is safe with regards to crime”) and Comfort (same question as
Traffic Safety but ending in “... is comfortable”). All questions in relation to PBE and PSE were

assessed with a 5-level Likert scale, simplified to a 3-level scale, “Agree”, “Neither agree nor

disagree” and “Disagree”.
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All models were controlled for SES variables Age, Sex, Employment Status and Income (0) and all

but the stratified models were also controlled for City.

Results for the SES variables show that men who did not cycle regularly were more likely than
women to be contemplating cycling, and the likelihood of not thinking about cycling rose with
age. With these effects accounted for in the models, the results show that variables in both the
built and social environment have strong associations with the cycling stage of change to which
people were diagnosed. All variables have noticeable effects, that is, with a RRR which 95% CI
does not include the null value. For BE, variable effect sizes are greatest for Comfort and for the
perceptions of cycling facilities (Inadequate cycle parking and lack of changing facilities). For the
SE variables, Social Support is the most important effect, and particularly for Pre-contemplators.
An additional goodness-of-fit measure, the McFadden pseudo R-squared, reports that the model

has an excellent fit.

Sensitivity analyses have confirmed (1) the validity of Walkability as a proxy for Bikeability for
the London sample, (2) the lack of importance of income as a variable in this model and (3) the
overall homogeneity of the results across cities, which does not support City as a moderator of
the effect of BE and SE in the Stages of Change for Cycling for Transport and thus emphasises the

generality of the findings.

5.2 Interpretation of results

5.2.1 Built environment and social environment groups of variables

Results confirm that both built and social environment are important in explaining cycling
behaviour. Both groups of variables included independent and significant factors explaining
Stages of Change in cycling for transport, with effects remaining essentially unchanged when one
of the two groups was excluded from the model (compare Table 22 and Table 23). For the BE,
there were objective and perceived factors included in the models. It was found that both were

significant, in line with the literature (Porter et al,, 2018).

Other studies had found that psychosocial correlates (which correspond to some of the SE
variables included in this thesis) seemed to outperform the role of BE correlates; this was first
demonstrated in settings with a good provision of cycle infrastructure such as Flanders (Belgium)
(de Geus et al, 2008; Simons et al., 2017), and later in less well-provided settings such as Brussels
(Belgium) (de Geus et al, 2019). Here, although we have some indication of effect sizes (Table
27), it is not possible to be conclusive about the relative importance of SE versus BE. Results in
this thesis challenge the Belgian studies showing that in cities with high cycling modal share, like

Antwerp and Orebro, SE predictors were weak (See Figure 1 and Table 26). In Antwerp, SE
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predictors do not even have enough statistical power. Similarly, in Orebro only one in the four SE
predictors was statistically sufficient — and by a narrow margin. In general, the level of cycling in
the different CSC does not seem to influence the effect size of each group of variables. These
results seem to indicate that it is not generally clear which factors make either SE or BE more

important than the other in any given city, though it is clear that they both matter.

Influence analysis and goodness of fit tests indicate that both groups of variables are strong
predictors of the Stages of Change, with the SE group of variables slightly less strong than BE. This
can be observed by the subtle variation in the SE estimates when removing BE variables and also,
by the pseudo R-squared value of the SE model being just below the excellent fit threshold. This
can be due to the SE group having a smaller number of variables than the BE group, but it might
also be related to SE predictors showing less strength than the BE predictors when the model is

stratified by cities, especially the Injunctive Social Norm.

5.2.2 Measures of Objective Built Environment

In this analysis, two measures of the OBE have been used, the Walkability index for the general

sample and the Bikeability index, which was only available for London.

Recent studies offer some support to the use of Walkability as a measure of OBE for cycling. The
review by Smith et al. (2017) finds a consistent positive effect of Walkability on active transport
and physical activity, but it does not specify the effect in relation to cycling. This tendency to
aggregate various types of physical activity was also noticed by Wang and Yang in their review
(2019), but they highlight an exception in the work of Grasser et al. (2017) who found that
whatever measure of walkability was used, the use of cycling for transport was positively

influenced by it.

Before discussing the results, note that while all PBE and PSE variables are derived on a 3-point
scale (disagree/neutral/agree), the Walkability and Bikeability indices are derived on a 10 point
scale. Hence the interpretation of a one unit increase in the OBE score is necessarily different to
the other variables and effect sizes are expected to be much smaller (see 3.3.1.3. for a complete

explanation).

The influence of the Walkability index was greater for people in Contemplation-Preparation
(“Thinking about cycling”) than on those in Pre-contemplation (“Not thinking about cycling”),
suggesting that people thinking about cycling may pay more attention to their built environment.
This might be due to people in Contemplation-Preparation making an active assessment of the
conditions affecting their consideration of cycle for transport. This tendency was also shared with

the Bikeability estimates for London.
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Using the Walkability Index as the variable for OBE in the model made very little difference to
using the Bikeability Index, at least in the case of London. When replacing Walkability with
Bikeability in the London-based sensitivity analysis, non-significant results were found for both
indices, although the effect estimates were a little stronger for the Bikeability index. In London,
the Bikeability score seemed to capture a little better the dimensions of the cycling environment,
particularly the influence on people thinking about cycling. In city-specific analyses, Walkability
failed to explain differences between Pre-contemplators and active cyclists in Antwerp, Orebro,
Rome and Vienna, and failed to influence those in Contemplation-Preparation in Vienna and
London, too (Table 26). In contrast, the pooled analysis does maintain the significant positive

influence of Walkability on cycling (Table 22).

When the London model accounts for Bikeability instead of Walkability, social norms and safety
concerns become slightly more important, while changing facilities slightly less so. Accounting
for Bikeability seems to help capture more precisely some of the influences on the Stages of
Change. These results showed that Bikeability is likely to be a better measure than Walkability to
explain the cycling Stages of Change, although this hypothesis could not be confirmed for other

cities due to lack of data availability.

5.2.3 Cycling facilities: Inadequate Cycle Parking and Lack of changing facilities

Heinen et al’s review (2010) showed that previous studies consistently found adequate parking
to be important for commuter cyclists. Nevertheless, the evidence was not conclusive regarding
the influence of showers on cycling frequency or modal share, although cyclists valued them. But
authors also mention that having no cycling facilities in the workplace can be a barrier to
commute by cycle, which seem to support the inclusion of these variables in cycling behaviour
models. The results in this thesis are in line with the evidence about the importance of parking
and also contribute with unambiguous evidence about the importance of both showers and
changing facilities. Furthermore, it adds new insights to the literature by measuring the influence

of cycling facilities on the Stages of Change.

In consonance with the results in this thesis, a study by de Geus et al. (2008) found that workplace
cycling facilities (including showers and safe cycle parking) included in the environmental
variables were statistically strong estimates for cycling for transport. It should be noted that this

study focused on workplace mobility whereas data in this thesis refer in general, to all locations.

In the Stages of Change defined in this thesis, both Pre-contemplators and Contemplation-
Preparators are non-cyclists, but results show there is a difference in the way cycling facilities

influence the membership to these two Stages. Of the PBE factors, the two facilities variables -
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Inadequate parking and Lack of changing facilities and showers - are the only two that exert a
stronger influence on Contemplation-Preparators than on Pre-contemplators. This provides new
information about the perceptions of non-cyclists of the provision of cycle parking and showers.
That is to say, in comparison to people who are thinking about cycling (Contemplation-
Preparators), those not thinking about cycling (Pre-contemplators) seem to be more concerned
about Safety and Comfort but less concerned about parking and other cycling facilities such as
showers. These cycling facilities are an inseparable part of a cycling trip; they are key to
determining if the trip can take place (parking) and how comfortable it will be to cycle for that
particular trip (changing facilities and showers). The difference between the perceptions of the
two groups might be due to people who are not interested in cycling being less aware of the key
role of parking or changing facilities, and relatively more concerned about the cycling

environment along the way.

5.2.4 Perception of traffic safety

The perception of traffic safety, although statistically significant in the univariate models for both
comparison groups (Table 19), lost significance in the fully adjusted models explaining
Contemplation-Preparators (Thinking about cycling) in reference to Action-Maintainers. This is
in line with previous studies (Thigpen, Driller & Handy, 2015; van Bekkum, Williams & Morris,
2011), where perception of Traffic Safety was found to be more strongly associated with the

earlier Stages of Change.

Cycling research in general has consistently identified perception of traffic unsafety as an
important barrier to cycling (Heinen, van Wee & Maat, 2010). An aggregate measure of Traffic
and Crime safety, was shown to be the most important deterrent to cycling in Metro Vancouver
(Winters et al,, 2011). A similar aggregate metric was used in Kerr et al.’s (2016) comparison of
17 cities in 12 countries around the world and found that perceived safety was positively
associated with any cycling for transport but also that it was negatively associated with the
amount of cycling among those who cycled. This negative association is also consistent with
Sanders’ findings (2015). These results seem in line with our findings and may suggest that
people who are not thinking about cycling have a stronger perception of the environment being
unsafe compared to those who cycle. This might indicate that in order to make cycling policies
more influential to this specific group of non-cyclists (those not thinking about cycling) it is not
only necessary to build high quality infrastructure but also implement communication campaigns
and other non-infrastructural interventions (as already noted by Pucher & Buehler, 2008). Of all

PBE variables, traffic safety along with crime safety are the two variables that lost significance
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most often across the 7 cities, which could also indicate the local context is especially relevant for

these issues (Table 26).

5.2.5 Perception of crime safety

The results of this thesis indicate that the perception of Crime Safety has an influence on cycling
behaviour. This influence is significant enough for both Stages of Change and a bit stronger for
Pre-contemplators, in line with the other safety measure, traffic safety. As shown in the literature
review (Section 0), evidence was unclear and inconclusive, but with hints that there might be an
association, especially for certain population groups. Most of the studies reviewed before the
PASTA survey tended to aggregate perceptions of road and crime safety (Winters et al, 2011;
Kerr et al, 2016). Amongst the studies that looked specifically to Crime Safety, one by Van
Cauwenberg et al. (2012) suggested there might be a link with gender inequalities, as perceived
crime was associated with lower rates of cycling in women. Some of the authors of the afore-
mentioned paper continued researching this issue in Belgium (Flanders), this time in a qualitative
study using cycle-along interviews, finding that perception of crime was not as a concern for older

adults’ transportation cycling (Van Cauwenberg et al., 2018) .

The lack of literature assessing perceived Crime Safety in cycling lead to including objective crime
safety studies in the literature review, for additional guidance (Section 0). These studies indicate
that there is an effect of objective Crime Safety in cycling behaviour, which could potentially be
reproduced at a perceptive level. A more recent study by Sun et al. (2017) about the bike-sharing
scheme in Chicago is a good example of the influence of objective Crime Safety. The authors were
able to map the on-street and off-street crime events close to the bike-sharing stations. They
found a negative and strong association between both on- and off-street crime and arrivals to
bike-sharing stations, indicating that, if people had a choice, they did not park in areas with higher
crime rates. Similarly, a recent study undertaken in New York City found that an increase in crime
of 1% has an impact of 2.11% reduction on cycle ridership (actually, much bigger than the
reduction found for walking, which was 0.06%) (Caros & Chow, 2020).

Perception of Crime Safety in relation to cycling appears to be a complex concept with at least
two dimensions attached to it, according to Appleyard and Ferrell (2017); “property”, which
perception appears from placing personal property at risk; and “exposed”, when crime risk
perception originates from potentially exposing themselves to threats of personal injury.
Property crimes are linked to secure parking, amongst others, which has been treated in this
study as a separate perception of the built environment. Correspondingly, our results show a
significant correlation, although negligible in size, between Perception of crime and Inadequate

parking (rho=-0,20, P < 0.01) (Table 20).
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The “exposed” dimension proposed by Appleyard and Ferrell (2017), which could be understood
as the threat to physical integrity, is in itself also a complex issue that deserves specific attention.
Depending on which population groups are exposed (objective) or feel exposed (perception) to
crime, there might be inequalities; for example, with lower-income, gender or ethnic groups being

more exposed than other, more privileged groups (Lusk et al.,, 2019).

The relationship between perceived Crime Safety and cycling for transport is still inconclusive,
but the results presented in this thesis indicate there is a relationship, especially for Pre-

contemplators, and that this should be explored in further research (see section 5.6).

5.2.6 Comfort

Comfort was found to have the biggest effect on cycling Stages of Change in the model estimated
in this thesis. It is also the most consistently significant variable across all cities in the city-specific
models. The source for this variable, as for the rest of PBE and PSE variables used in this thesis,
is a PASTA survey question formulated in a simple way to avoid participants’ burden (Table 12).
In the case of comfort, this is a bigger limitation than for the other variables, as this is complex a
concept that can mean different things for different people. At the same time, the variable Comfort
in cycling has been treated in different ways in the research. Authors tend to consider cycling
comfort in relation to perception of traffic safety (Fitch, Carlen & Handy, 2020) and related
infrastructural features such width for the volume, smooth surfaces and smooth changes in slope
(Parkin, 2018:p.41), or similarly, slope in relation to physical effort, and space (Li et al, 2012).
Dill et al, added signalisation (2014), as comfort in relation to the level of information. Linking
Comfort to perceived built infrastructure and traffic safety was probably what Handy et al. had in
mind when suggesting perception of comfort could be enhanced through training for cyclists, for

adults as well as children (2010).

Results, in line with the afore-mentioned literature, show that, although low, correlations were
found between Comfort and Crime Safety (Table 20, rho=0.31, P<0.01), and Comfort and Traffic
Safety (Table 20, rho=0.41, P<0.01). The notable importance of Comfort in the model, however,
suggests that the correlated variables might not be the only factors that play a role in the

perception of cycling comfort.

Some studies aggregate several variables including comfort under a single factor, providing only
partial conclusions. Mufioz et al. (2016) found that their aggregated variable for safety and
comfort (including sweat, safe for pedestrians, stress, low accident risk and pollution safe) was
perceived as an important facilitator for cycle commuting in the city of Vitoria-Gasteiz (Spain),

although only for car commuters. Authors interpreted this from the view that safety and comfort
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were probably seen as deterrents by car commuters due to their lack of experience, but that they
were not major barriers to cycle commuting for non-car commuters due to the recent built
environment improvements the city had made for pedestrians and cyclists. In a study in Denver,
Colorado, assessing the role of attitudes, socio-demographics, and the built environment in cycle
commuting, Piatkowski and Marshall (2015) grouped Comfort-related variables “Too much cargo
to carry” and “Can’t get sweaty before work” in the factor Security and comfort. They found strong
agreement that this factor was associated with the decision not to cycle and the decision to cycle

less in their models.

Sweatiness offers different dimensions in its analysis in regards to comfort, it seems to relate both
to the perceived effort that infrastructure can cause, but also to objective and perceived stress
(Blanc & Figliozzi, 2016; Barberan, de Abreu e Silva & Monzon, 2017), and finally, to the
perception that commute cycling requires achieving certain speed, which could be part of the

projection that non-cyclists make of cyclists as needing to wear sporty clothing (Aldred, 2015).

The importance of Comfort in this model calls for a more profound understanding of the
complexities surrounding it: what is understood by cycling comfort, how it is experienced and

perceived and how it influences cycling behaviour.

5.2.7 Social Norms

The fact that the Descriptive Social Norm lost explanatory power with the stepwise regression
indicates that the “perception of cycling as being well-regarded in the neighbourhood’ contributes
to explaining the affiliation to the Stages of Change, whereas ‘perceiving cycling as something
common’ only has explanatory power if there are no other PSE variables included in the model.
Information about both predictors is offered separately, following the evolution of behavioural
psychology literature. Separating the two Social Norms allows this study to contribute to the
academic knowledge by showing a more salient and direct influence of Injunctive Social Norms
compared to Descriptive Social Norms in cycling behaviour. That is to say that the perception of
cycling being socially approved is more important for people thinking about cycling than how

normal and frequent cycling is perceived to be.

Even more important than the statistical strength of the Injunctive Norm in relation to the
Descriptive Social Norm is the fact that its effect goes in an apparently unexpected direction.
Findings show that people perceiving that cycling is well-regarded in their neighbourhood are
52% more likely to be in Contemplation-Preparation rather than in Action-Maintenance (Table
27). This direction is already observed in the univariate models (Table 19, RRR= 1.20, 95% CI

(1.01, 1.43)), but the descriptive statistics provide the expected direction of a higher percentage
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of people perceiving cycling as being well-regarded in the Action-Maintenance stage (Table 17),
which suggests this effect is modified by SES and city. The stratification by city shows that this
effect seems to be led by two cities, London and Rome, the only cities with statistically strong
estimates for Contemplation-Preparators for this variable (Table 26). These are cities with an
aggressive traffic environment; Rome had the highest car ownership rates (Figure 2) and car
modal share (Figure 1) of the seven cities, whereas London had the highest perceptions of road
unsafety (Table 18), which might make cyclists perceive that their neighbours are not so positive
about cycling. Predictors for Pre-contemplators are not significant enough, although they were in
the univariate model (Table 19, RRR= 0.53, 95% CI (0.44, 0.64)) and in the SE only model (Table
23, RRR=0.75, 95% CI (0.62, 0.91)). Once we account for BE variables, Injunctive Social Norms
cease to be significant for Pre-contemplators, which indicates that SE on their own is not so

powerful to explain membership to the Stages of Change, BE needs to be taken into account.

In study with participants in four municipalities in Sweden, Forward (2014) combined TPB with
the TTM, offering more comparable results with this thesis’. Results in this thesis show that
people who perceived cycling as well-regarded in their neighbourhoods were more likely to be
in Contemplation-Preparation than in Action-Maintenance (results were not statistically strong
for Pre-contemplators). Forward found a significant linear relationships between stage of change
and subjective norm (F(1, 316) = 47.45, p < .001), that is to say Injunctive Norms were
increasingly significant in the Stages towards Maintenance, although with a small decrease in the
Action stage (Forward, 2014). This difference might have been due to the urban environments

being more cycle-friendly in the Swedish municipalities than in London and Rome.

Predictors indicate that people thinking about cycling are more likely to perceive that cycling is
well regarded than people actually cycling. This could seem counter-intuitive, as people who cycle
already should be perceiving a positive social influence. But actually, this result is consistent with
literature assessing the effects of social influence (which includes Social Norms); as Sherwin et al.
explain (2014), when an individual starts cycling and sustains this behaviour, social influence

becomes less important.

Cialdini’s seminal paper (1991) is a reminder that the salience of each of the Social Norms
depends on the context; at any given time, an individual’s action is likely to conform to the norm
that is currently most salient even if other norms dictate contrary conduct. Context can change
rapidly, and it can make certain Social Norms become salient as other become unimportant.
Recent literature has suggested that it is important to pay greater attention to how these norms
change through disruption (Marsden et al., 2020). For example, in a context of disruptive changes

such as public transport strikes, terrorist attacks on public transport, high cost of fuel, or the
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Covid-19 global pandemic, cycling can become much better regarded than it was before, and more

desirable than other modes of transport.

What the results of this thesis add is that Injunctive Norms are important to get people to the
stage in which they are thinking about cycling, but results are inconclusive for people not thinking
about cycling. There is little evidence in the literature exploring this, except for Orsini and
O’Brien’s (2006) study, in which they suggest that a cycling programme targeting friends of
existing cyclists are more likely to succeed than those aimed more generally at non-cyclists.
Policies oriented at connecting people who already cycle (and thus, think positively about
cycling) with people who are thinking about cycling, will cultivate in the latter the perception that

cycling is well regarded and thus support them in their change of behaviour towards cycling.

5.2.8 Social support

Defined by the question ‘Most people who are important to me think that I should cycle for travel’,
Social Support was perceived to be very low for people not thinking about cycling, compared to
those cycling (Table 22; RRR=0.15, 95% CI (0.11-0.20)). Estimates were not strong enough to
predict the effect on those in Contemplation-Preparation. This association, however, was
significant when removing the BE variables (Table 23), which might suggest that BE features are
more important for those thinking about cycling than the support from people close to them, or

even that a good BE might compensate the absence of Social Support for them.

The Social Support predictor’s for Pre-contemplators is sufficiently significant for all cities except
for Antwerp, and associations for those thinking about cycling become significant in city models
for Barcelona and Rome (Table 27). This might imply that policies aimed at making cycling
accessible for people who are not thinking about cycling should consider integrating a strong

Social Support component.

Sherwin et al. (2014) suggestion of Social Influence not being so important when people start
cycling or maintain it would also apply to Social Support, as Bartle et al. found in their qualitative
study (2013). This thesis specifies that Social Support would be important for Pre-contemplators,
whereas Social Norms would be important for Contemplation-Preparators. In other words, for
people not thinking about cycling, Social Support would be key to change their behaviour towards
cycling for transport, whereas Social Norms would only be effective to get people thinking about

cycling.

As described in the literature review (2.2.3.2), there are different types of Social Support
measures, depending on either the closeness of those who provide the support, as illustrated by

Ma and Dill (2015), or the type of support they provide, which for de Geus et al. (2019), were
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accompaniment and encouragement. De Geus et al.’s (ibid.) found that encouragement (which is
the type of Social Support used in this thesis) significantly increased the likelihood of being a
cyclist. Their model combined BE and several psychosocial variables (including SE variables),

making it similar to the one in this thesis.

For both Social Norms and Social Support, the literature proposes policies that encourage social
interaction (Bartle, 2011; Savan, Cohlmeyer & Ledsham, 2017). As discussed for Social Norms
(Orsini & O’Brien, 2006), ideally this interaction should happen between people who cycle (in
Action-Maintenance), and people who do not cycle (in Pre-contemplation and Contemplation-
Preparation), this way they can offer both a positive role model (Social Norm) and coaching and

support (Social Support) to those who are still hesitating.

5.2.9 TTM Constructs and processes

Although this thesis offers a cross-sectional view in which only associations can be established
not causality, it is useful to analyse our findings in the light of the TTM processes that Prochaska
etal. (2008) associated with the transitions between stages (Section 2.1.3). In this analysis, three

of the processes are linked to the relevant variables from the model (Figure 23):

o Environmental re-evaluation is an individual’'s appraisal of the relationship between a
specific behaviour and the local environment, both physical and social. It would
encompass two of the variables used in the models:

o All PBE variables: Biehl et al. (2018) argued for a multifaceted interpretation of
this Environmental re-evaluation, that includes the subjective evaluation of the
built environment. This would place our five PBE variables within this process,
making it much broader than just driving the transition between Pre-
contemplators and Contemplators, as the authors noted in their study.

o Injunctive Social Norm (SE), assessed by the statement “cycling is well-regarded
in my neighbourhood”. This variable is both included in Environmental re-
evaluation and in the process of Social liberation, which seems to be more focused
on capturing the influence of these social norms in behaviour change.

e Social liberation refers to the realization that prevailing injunctive social norms favour
behavioural change:

o Injunctive Social Norm (SE), assessed by the statement “cycling is well-regarded
in my neighbourhood”.

o Helping relationships is trusting, accepting, and using the support of caring for others

to change behaviour.
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o Social Support (SE), assessed by the statement “People important to me think I

should cycle for transport”.

Action-Maintenance

Pre-contemplation

Contemplation-Preparation

Pre-
contemplation

Contemplation Preparation Action Maintenance

¢ Environmental
re-evaluation
[- Social liberation J
( * Helping relationships )
{ J
[

EXPERIENTIAL CONSTRUCTS

/
BEHAVIOURAL CONSTRUCTS

Figure 23. Constructs and processes that influence the transitions between Stages of Change. In
blue squares the simplified three stages. Blue frames suggest the extension of the three processes
that are relevant to this study. In grey processes that have not been assessed in this study. Source:

adapted from ProChange (2019).

This analysis continues by exploring the potential processes linked to the transitions relevant for
this study, Pre-contemplation in relation to Action-Maintenance and Contemplation-Preparation

in relation to Action-Maintenance
Pre-contemplators in relation to Action-Maintainers

e BE:

o Perception of traffic safety is only significant enough for Pre-contemplators,
meaning that people who are not even thinking about cycling perceive a higher
traffic risk than people cycling. As the relation is between the first and last Stages
of Change, the Environment re-evaluation process should cover all the transitions.
This is a nuance that is not apprehended by just extending the process to all

transitions, as the relation between each of the previous stages with the final ones
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SE:

(Action and Maintenance) might be different for each stage, and the different
possibilities of transitioning from each of the stages to another might be
influenced differently by this variable.

Crime safety and Comfort have a stronger effect for Pre-contemplators than for
Action-Maintainers, meaning that people who are not thinking about cycling
perceive higher crime unsafety and discomfort in relation to cycling. This
supports Environmental re-evaluation being extended towards the Action stage,
covering the two transitions assessed in this study, as all predictors are significant

enough.

Social Support is more influential to Pre-contemplators than to Contemplation-
Preparators in relation to Action-Maintainers. In order to make cycling accessible
for people who are not thinking about cycling, they need to be provided with
social support. Social Support is related to the process described in the TTM as
Helping relationships, although in the TTM it is placed in the transition between
Preparation and Action, whereas results in this thesis would extend the influence
of this process back to the stage of Pre-contemplation. This would make it a

process that influences behavioural change throughout the stages.

Contemplation-Preparators to Action- Maintainers:

BE:

SE:

OBE: the influence of Walkability and Bikeability indices was greater for people
thinking about cycling than for those not thinking about cycling. This supports the
extension of the process Environmental re-evaluation to cover the transition to
the Action Stage (Figure 23).

The two facility variables - Inadequate parking and Lack of changing facilities
and showers - are the only two that exert a stronger influence on Contemplation-
Preparators than on Pre-contemplators. This supports the extension of the

process of Environmental re-evaluation towards the Action Stage.

Results show that Social Norms, in particular, Injunctive Social Norms
(perceiving cycling as well-regarded in the neighbourhood) are more important
for Contemplation-Preparators, than for Pre-contemplators. This finding could be
related both to the processes of Self-liberation and Environmental re-evaluation.
If applied to the TTM, these results would support a displacement or at least, an

extension of this processes towards the stage of Action.
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In conclusion, results in this thesis advocate for the extension of three of the processes of the TTM
to cover the transitions between all Stages of Change. This would account for associations of BE
and SE variables found to be significant enough between the two comparison levels (Pre-

contemplation and Preparation-Contemplation) and the reference level (Action-Maintenance).

5.3 Strengths and limitations

This study used one of the largest cohorts ever recruited over seven cities on the subject of
transport, psychology and health. Having such a large sample has most certainly contributed to

find robustness in the models.

The comprehensive conceptual framework that has been used to explain behaviours features
both social and environmental factors. Gathering contextual factors has proved a useful source of
information to deepen the interpretation of the results, especially for the comparison between

cities.

The novel definition of the Stages of Change through the combination of several variables each,
allowed for a more precise diagnosis. Using Stages of Change as the outcome variable offers more
information than the more common outcomes cyclist/non-cyclist or cycling time used in other
studies. However, due to the uniqueness of the definition of the Stages of Change, comparability

with other studies had to be handled with care and transparency.

The use of stages to understand behaviour change has shown pros and cons throughout this
thesis; the main disadvantage is that Stages of Change is not sufficiently used in the literature to

have comparable studies for each of the factors studied in this thesis.

Studies combining the TTM of the Stages of Change with Built and Social Environment variables
are scarce. Studies define the stages of cycling behaviour change differently and they explore the
effects of a wide variety of constructs (attitudes, perceptions, barriers, facilitators...). The
framework created in this thesis for the application of the TTM is unique; the definition of the
Stages of Change is unique, and the selection of variables to be included in the model are unique
too, to the author’s knowledge. This is challenging for the comparison with other studies, as there
is none that uses the same definition of the stages nor involves the same variables. For the sake
of comparability, some concessions have been made. Often in this thesis, studies using the
comparison between cyclists and non-cyclists have been compared with the Stages of Change,

which is just one of the components of the Stages of Change (Table 5).

The advantage of using the Stages of Change as the outcome is that they integrate complexity by

featuring several items in each of the Stages (Figure 11). Even when simplified to three stages
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instead of five, there is more information condensed in each of the predictors resulting from the
model than other outcomes such as cyclists/non-cyclists or time cycling would provide. This
generates very specific insights to tailor policies for the individuals in each of the Stages (Table

30).

Multinomial models allow us to evaluate complex outcomes such as the Stages of Change, with
three levels, one being the reference level (Action-Maintenance) and the others being the
comparison levels (Pre-contemplation and Contemplation-Preparation). Predictors are produced
in relation to the reference level, which prevents comparison between levels (likelihood of being
in Pre-contemplation instead of being in Contemplation-Preparation). This analysis does not
provide insights into factors that would enable a progression from Pre-contemplation to
Contemplation-Preparation, which would provide a finer level of details in engaging people in
progressing gradually towards action. This sacrifice is embedded in the choice of the type of
model (Multinomial) and the choice of the reference level, which, guided by the research question,

needed to feature the Stage of Change in which people are cycling.

The data does have several limitations, common to these type of survey studies. One being the
self-selection bias, whereby participants self-select because of their interest in the survey themes.
This bias is difficult to avoid, as the dissemination efforts need to use some kind of thematic
content and specific targets, that makes it difficult to keep the themes hidden. Convenience
sampling approaches and the need to have access to the internet to access the web-based survey,
might have played a role in having more young and highly educated people in the sample than in

the census data composition (Gaupp-Berghausen et al,, 2019).

All perceived measures of the social and the built environment were self-reported, and thus
subject to biases and limitations such as lack of honesty (respondents might offer the more
socially accepted answer instead of being truthful), introspective ability (respondents might not
be able to assess themselves accurately) and the interpretation of the questions (the wording
might be confusing for some participants or have different meanings for different individuals).
Complementing with an objective measure helps counterbalance biases from self-reporting,
which has been done for the BE factors, with the addition of the Walkability and Bikeability
indices. However, finding comparable data across cities and doing the calculations of these
complex indices is time consuming. This could only be done for all cities for one of the indices, the
Walkability index. Data for the Bikeability index was incomplete and available resources focussed
on calculating this for one of the cities, London. Using the two indices allowed comparison
between them and assessment of similarities and differences in their effect on the Stages of

Change in London with a sample of 1,005 participants.
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The behavioural models combined in this thesis have certain limitations accounting for the
automatic thinking processes determining behaviour, they are not able to measure how much of
the decision to engage in cycling for transport is made in a less conscious, much more intuitive
way (Kahneman, 2012). Although the design of this study does not allow for such analysis, the
extend of these limitations could be informed by longitudinal, mixed-methods studies in which
behaviour change estimates at each given time could be compared against subsequent estimates

over-time and participants could be interrogated about their behavioural change processes.

From cross-sectional data, only correlations can be inferred but not causations. For instance, it
can be established from the PASTA data that people who are not thinking about cycling have a
stronger negative perception of traffic safety compared to cyclists. This does not prove, however,
that changing people’s perception of traffic safety will make them cycle. Similarly, results show
how the Social Support is significantly different between Pre-contemplators and cyclists, but this
does not necessarily mean that providing Social Support to those who are not thinking about
cycling will be effective in progressing them to cycling. As Walta (2018) clearly exposes in her
paper, longitudinal analyses such as randomized control trials, natural experiments and
observational studies, also encounter strong limitations. Funding to apply randomized control
trials in cycling research is prohibitive, natural experiments and observational studies offer some
opportunities, but their cost is still high and circumstantial factors make it difficult to infer causal
relations anyway. Researchers are exploring how to make longitudinal studies more robust
through intensification of data collection, exploring available contact databases, finding an
appropriate control population or using sophisticated statistical methods, while some of them
advocate to complement this quantitative approaches with qualitative ones (Aldred, Croft &

Goodman, 2019; Walta, 2018).

5.4 Implications for research and recommendations

The conceptual framework used in this thesis combines several theories and frameworks (the
TPB, the TTM and the SEM). The framework led to an accurate selection of variables for the model,
to the extent that only one of the variables was not retained. The fact that both groups of variables
studied in this thesis, BE and SE, keep their strength when the other was removed from the model
(Table 23) suggests that research should not focus solely on one of these groups. If studied
independently, the influence of the SE on the BE and vice versa would remain uncovered and
challenge the relevance of the results. Using a combined conceptual framework also allowed for
a comprehensive interpretation of the results, by integrating contextual information for each of
the CSCs. This combination also offered different levels of interpretation, e.g. putting in relation

the Stages of Change, each of the environmental factors, and the TTM constructs and processes.
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This supports the choice of working with combinations of models when a single conceptual
framework is insufficient, and to collect contextual information that supports the interpretation

of the results.

A level of inconsistency has been detected in the definitions and applications of certain
psychological constructs among studies, this is especially confusing for Injunctive Social Norm
(that has been interchangeably used with Subjective Norm) and Social Support (with many
different types of support that can produce different effects). There are several reasons why this
inconsistency might appear. The first one is related to the depth of psychological constructs,
which makes them difficult to compare across studies, especially if sufficiently detailed
definitions of these constructs, applied to the context of cycling for transport, is not provided.
This is linked to different psychological frameworks naming their constructs differently, and that
these frameworks are constantly evolving and that, from these, new ones emerge. Another reason
that hinders comparability of different studies is the process of formulation of psychological
constructs into questionnaire questions. Many of these studies use questionnaires in which the
construct needs to be formulated into a question. This process of formulation can end up
communicating the construct in different ways. For this reason, it would be useful to always
include the question formulation in the papers, so that other researchers can understand how the
construct has been formulated and whether or not it is comparable to their research. As shown

in Sections 3.3.2.4 and 3.3.2.5 question formulations have only been found in a few instances.

5.5 Implications and suggested interventions for policy and practice

Some policy implications have been touched upon in Section 5.2, but a complete list of
implications and interventions for each of the variables (or influence factors) is featured below
(Table 30). These are based in the interpretation of the results of the Minimal Adequate model
(Table 22) and the points made about the constructs and processes (Section 5.2.9). The effect size
of each variable is included for the two Stages of Change, Pre-contemplation and Contemplation-
Preparation, in comparison to the reference one, Action-Maintenance. It must be noted that all
suggestions are then directed to non-cyclists as defined by this study (those cycling less than
three times a week, Table 5, divided in the two comparison Stages), with the goal of making

cycling available for them.
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Table 30. Policy implications and suggested interventions for the two Stages of Change for
each variable, depending on effect size.
Variables / Effect size* (high, moderate, not Policy implications
Influence influential here) and
factors Pre- Contemplation- suggested interventions
contemplation** | Preparation**

Objective Built Environment

Walkability Moderate High Building quality, inclusive cycling

and infrastructure.

Bikeability Example: making sure the cycle network
covers all areas in the city, so that all the
population has access to cycling.

Inform the population about the offer of
cycling infrastructure, especially those
who intend to cycle (in Contemplation-
Preparation) and may have already
access to a cycle (Preparation).
Example: engaging cycling businesses
and provide them with information to
give to customers getting ready for
cycling by buying cycles and accessories.

Perceived Built Environment

Inadequate Moderate Moderate Quality, safe cycle parking provision that

Cycle Parking is adequate to the context.

Example: developing detailed cycle
parking planning, integrated within the
cycling and wider mobility policies.

Lack of Moderate High Employers’ travel plans should consider

changing the provision of changing facilities and

facilities showers for their employees.
Example: Periodically informing
employees about the location and
conditions of use of the changing facilities
for cyclists, whether they cycle or not,
especially to those who have expressed
interest or participated in cycle to work
schemes.

Traffic Safety | High Not influential Improving road safety (objective

here

measure) and communication campaigns
targeted to the broad public (and
specially to car drivers, more likely to be
in Pre-contemplation) that improve the
perception of safety and provide
directions on how to cycle safely.
Example: campaigns about the blind spot
and how to behave safely around heavy
vehicles (HGV).
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Variables /
Influence
factors

Effect size* (high, moderate, not
influential here)

Pre-
contemplation**

Contemplation-
Preparation**

Policy implications
and
suggested interventions

Crime Safety

Moderate to
High

Moderate

Engagement of the security forces
(Police) in cycling policies.

Example: Invite Police officers to bring
their expertise in crime safety to cycle
planning and participatory processes.
Matching crime data (objective and
perceived) with cycling infrastructure
location.

Example: use the relevant georeferenced
crime data (cycle theft, sexual
harassment, street crime) to improve
security in specific cycle infrastructure
spots (including cycle parking).

Comfort

High

High

Improving the quality of infrastructure,
including maintenance, smoothness and
inclusiveness parameters (e.g., width).
Example: pothole-reporting apps.
Accessing information about types of
cycles and accessories, ergonomics in
cycling (e.g., saddle height).

Example: Encourage shopping in local
cycle businesses that offer a higher
quality customer service to help clients
get products adjusted to their needs.

Perceived Social Environment

Injunctive
Social Norms
(perception
that cycling is
well-
regarded)

Not influential
here

Moderate

Cultivating a positive cycling discourse in
policy documents and campaigns across
all policy areas.

Example: Campaigns on specific benefits
of cycling (e.g., health), representing
diversity in cycling so that everyone can
relate.

Social Support

High

Not influential
here

Offering schemes and opportunities that
encourage the interaction between
cyclists and non-cyclists in a positive
context, especially if they are from the
same family or group of friends.
Example: providing opportunities in
which families and groups of friends can
try cycling in a friendly and supportive
context (community hubs, parks,
festivals).

*Effects are high (Table 27) when risks are halved (>-50%) or doubled (>+100%) in 3-levelled
variables (all PBE and PSE variables) and where risks increased or decreased more than 10% for
the 10-levelled variable (Walkability). **in reference to Action-Maintenance
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5.6 Further research

Although the data used in this thesis was exceptionally rich and varied, due to the large sample
size and the multi-centred approach, methodological limitations of a web-based survey made it
difficult to retrieve detailed information about some of the influence factors. All questions in the
PASTA survey were closed questions to avoid participants’ burden and thus minimise attrition
rates. This has restricted the interpretation of the results for some factors, especially Comfort and
perception of Crime Safety. Comfort and Crime Safety in cycling mobility have not been

sufficiently explored in the literature and comprehensive definitions of both are still missing.

The notable effect of Comfort found in this study, calls for a deeper exploration of its meaning and
how it relates to the context. Although low, a correlation between Comfort and Traffic Safety has
been found in the data, but there are other meanings of comfort explored in the literature that
have not been specified in the PASTA questionnaires. For example, the relationship of comfort
with having an effective riding space as exposed by Li et al. (2012) suggests that comfort is not
just an additional feature “good to have” for the cycling built environment, but that it might
become critical to make cycling available to those who depend on having enough space to use the
cycling infrastructure. This is the case of people with disabilities who ride wider, non-
conventional cycles as their mobility aid (Andrews, Clement & Aldred, 2018; Clayton, Parkin &
Billington, 2017).

Although this thesis offers strong evidence of the negative impact of Crime Safety in cycling
behaviour, more research is needed to define this item more in-depth and explore the
relationship between objective and perceived Crime Safety in relation to cycling mobility. As
introduced in Section 5.2.5, further research could use separated questions in relation to the two
dimensions of crime, “property” and “exposed” stated by Appleyard and Ferrell (2017). This
thesis found quantitative evidence of the effect of perceived Crime Safety in cycling mobility, in a
model that controls for gender - so the effect is strong, independent of gender. However, findings
by Lusk et al. (2019) showing that lower-income, gender or ethnic groups are more exposed than
other, more privilege groups, suggest that these equity issues should be taken into account.
Recent literature has also unveiled inequalities in the way traffic and crime safety affect cycling

(for traffic safety: Yu & Lin, 2015; for both: Lusk et al., 2019).

Gender inequalities seem also to be revealed in this thesis. In the model which included both
Social and Built Environment variables (for traffic safety: Yu & Lin, 2015; for both: Lusk et al.,
2019), females were found to be almost twice less likely to be in pre-Action stages than males,
with the effect being greater for those ‘Not thinking about cycling’. The literature is clear about

the influence of environmental factors for women’s cycling, such as perception of safety (Akar,
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Fischer & Namgung, 2013) and the preference for dedicated infrastructure (Aldred, Woodcock &
Goodman, 2015). Results in this thesis suggest that environmental variables are relevant for
gender-specific affiliation to Stages of Change. If this affiliation was explored further, it could help
understand female’s behavioural psychology in relation to cycling. In order to explore gender-
related and other inequalities, stratification by gender, income and other socio-economic status

variables, in relation to BE and SE factors would help uncover the differences between groups.

Several authors have suggested using qualitative or mixed methods in cycling behaviour studies,
arguing that this would allow to understand better the relationships between environment and
cycling attitudes and behaviour, and contrast behavioural change interpretations (Handy, van
Wee & Kroesen, 2014; Walta, 2018; Aldred, Croft & Goodman, 2019). Some studies have already
advanced in using qualitative methods from social sciences and anthropology, such as Guell et al
applying the ethnographic method of photo-elicitation interviews to assess the impacts of the
Cambridge busway on active travel (2012), Van Cauwenberg et al. (2018) using cycle-along
interviews to assess environmental influences on cycling for transport and Spotswood et al
(2015) using Social Practice Theory to explore views and experiences of both cyclists and non-

cyclists.

Qualitative and mixed methods approaches would be helpful to further explore the reasons and
mechanisms behind the affiliation of individuals to each of the Stages of Change and, in particular,
to define and better interpret specific factors that seem to have complex impacts on individuals,

such as Comfort and Crime Safety.
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6 CONCLUSION

Based on a combination of theories and frameworks, this thesis aimed at finding the associations
between built and social environment and the Stages of Change towards cycling for transport, in
a cross-sectional study. The novelty of the conceptual approach led to a refined definition of the

Stages of Change, capturing the complexity of cycling behaviour change in a unique way.

Extensive survey data from seven cities in Europe provided a solid sample with which to build
statistical models. The sample had some over-representation of younger and more highly
educated people, which are common outcomes of self-selection bias and biases derived from
targeted recruitment efforts and web-based surveys. Dependent variables for objective and
perceived BE and for perceived SE were included in the models. All perceived factors were
obtained from Likert-scale questions in the survey, whereas for BE an objective measure

calculated with external data was included.

Multinomial models performed well in all test and validation procedures; sensitivity analyses
were reassuring. Results bring the research field closer to understanding how the different
environmental factors exert influence on cycling behaviour change and which policies may work

best for people in each pre-cycling stage.

The PASTA project survey provided data on some of the most relevant influence factors for
cycling for transport identified in the literature. That most of these factors were retained in the
model confirms that the initial selection, guided by the literature, was robust. Parallelisms with
cycling/non-cycling outcomes were used, as there are very few studies looking at both BE and SE
factors in relation to the Stages of Change. In most cases, results were similar to those found in
the literature. Thanks to the selection of variables and to the choice of maintaining their
disaggregation, this thesis contributes to highlighting elements such as the prominence of
Comfort and the non-negligible effect of Crime Safety. The importance of changing facilities and
showers also adds strength to the findings of other studies. These results suggest policy efforts
should show more care for cyclists by providing a dignifying level of quality, comfort and safety
in their spaces, facilities and infrastructures similar to what is offered to motorized vehicles.
Caring for people who cycle also applies to the policy recommendations for the SE variables,
which focus on creating and supporting positive messages and communities around cycling for

transport.

Results for the SES factors, especially gender and income, point out at the need to 1) Study these
factors more in-depth, if possible, with mixed methods that help disentangle their complexities;

and 2) Integrate an equity and accessibility approach when studying behaviour change, so that
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cycling for transport can be accessible for everyone, regardless of gender, income, or any other

socio-economic characteristic.

The use of Stages of Change as an outcome has helped to recognise change as a gradual process
and not as an event, as the cycling/non-cycling duality seemed to entail. The variables used in this
thesis could be identified with some the processes described in the original TTM (PBE variables
with Environmental re-evaluation, Injunctive Social Norm with Social liberation and Social
Support with Helping relationships). By doing this, it could be observed that these TTM processes
needed to be present across more transitions between Stages than they had been originally
described for, which strengthens findings in the literature pointing out at adapting these

processes to the specific behaviour being analysed, in this case, cycling for transport.

The SEM was used to include OBE measures in the models and contextual city info for the
interpretation of the results. Although it was intensive in terms of consuming time and resources,
the effort of putting together information to calculate the indices and document the mobility
landscape for every CSC has provided a more nuanced and comprehensive way of explaining the
results. This has unveiled details such as SE predictors not being so relevant in cities with a high
cycling modal share, different from other studies on the subject. OBE measures were integrated
in the models as the Walkability index (for all cities) and the Bikeability index (only for London).
A sensitivity analysis comparing both indices for the city of London, showed that using Bikeability
strengthened the effect of some of the factors, which could make it a better measure than

Walkability, although this could not be confirmed for the rest of the cities.

Policy recommendations from this thesis focus on making cycling more accessible for everyone,
with the advantage that different policies can be tailored to different groups: those who do not
even think about cycling might need to get the message that cycling can be safe and comfortable
and that there are cycling facilities and infrastructures available for them. For those who are
already thinking about cycling, safety and comfort are also important, but having access to
facilities would also add up. Having opportunities to exchange views about cycling with cyclists

who are close to them might get them closer to the decision.

154



REFERENCES

Adams, J. & White, M. (2005) Why don’t stage-based activity promotion interventions work?
Health Education Research. 20 (2), 237-243. Available from: doi:10.1093 /her/cyg105.

Adams, M.A,, Frank, L.D. Schipperijn, J., Smith, G., et al. (2014) International variation in
neighborhood walkability, transit, and recreation environments using geographic
information systems: the IPEN adult study. International Journal of Health Geographics.
13 (1), 43. Available from: doi:10.1186/1476-072X-13-43.

Adkins, A, Dill, ], Luhr, G. & Neal, M. (2012) Unpacking Walkability: Testing the Influence of Urban
Design Features on Perceptions of Walking Environment Attractiveness. Journal of Urban

Design. 17 (4), 499-510. Available from: doi:10.1080/13574809.2012.706365.

Ageéncia de Salut Publica (2016) Persones mortes a Barcelona per lesions per col'lisié de transit

1997-2015. 2016. Available from: http://www.aspb.cat/wp-
content/uploads/2016/07/Informe_IMLC_1997_2015.pdf [Accessed: 23 February
2020 .

Agresti, A. (2007) An introduction to categorical data analysis. Wiley series in probability and
mathematical statistics. 2nd ed. Hoboken, NJ, Wiley-Interscience.

Ajuntament de Barcelona (2014) Dades basiques de mobilitat. Available from:
http://w110.bcn.cat/Mobilitat/Continguts/dadesbasiques2013baixa.pdf.

Ajuntament de Barcelona (2016) Dades basiques de mobilitat. Available from:
https://bcnroc.ajuntament.barcelona.cat/jspui/handle/11703/97449.

Ajzen, 1. (1991) The theory of planned behavior. Organizational Behavior and Human Decision
Processes. 50 (2), 179-211. Available from: doi:10.1016/0749-5978(91)90020-T.

Ajzen, I. & Fishbein, M. (1975) Belief, Attitude, Intention and Behavior: An Introduction to Theory
and  Research. Reading, Mass, Addison-Wesley = Pub. Available from:
http://people.umass.edu/aizen/f&a1975.html.

Ajzen, 1. & Fishbein, M. (2005) The Influence of Attitudes on Behavior. In: The handbook of
attitudes. Mahwah, NJ, US, Lawrence Erlbaum Associates Publishers. pp. 173-221.

Akaike, H. (1974) A new look at the statistical model identification. IEEE Transactions on
Automatic Control. 19 (6), 716-723. Available from: doi:10.1109/TAC.1974.1100705.

Akar, G., Fischer, N. & Namgung, M. (2013) Bicycling Choice and Gender Case Study: The Ohio
State University. International Journal of Sustainable Transportation. 7 (5), 347-365.
Available from: doi:10.1080/15568318.2012.673694.

Aldred, R. (2015) A Matter of Utility? Rationalising Cycling, Cycling Rationalities. Mobilities. 10
(5), 686-705. Available from: doi:10.1080/17450101.2014.935149.

Aldred, R, Croft, ]. & Goodman, A. (2019) Impacts of an active travel intervention with a cycling
focus in a suburban context: One-year findings from an evaluation of London’s in-
progress mini-Hollands programme. Transportation Research Part A: Policy and Practice.
Available from: doi:10.1016/j.tra.2018.05.018 [Accessed: 26 June 2020 .

155



Aldred, R. & Woodcock, J. (2008) Transport: challenging disabling environments. Local
Environment. 13 (6), 485-496. Available from: doi:10.1080/13549830802259847.

Aldred, R.,, Woodcock, J. & Goodman, A. (2015) Does More Cycling Mean More Diversity in Cycling?
Transport Reviews. 0 (0), 1-17. Available from: doi:10.1080/01441647.2015.1014451.

Alin, A. (2010) Multicollinearity. Wiley Interdisciplinary Reviews: Computational Statistics. 2 (3),
370-374. Available from: doi:10.1002 /wics.84.

Allcott, H. (2011) Social norms and energy conservation. Journal of public Economics. 95 (9-10),
1082-1095.

Allison, P. (2012a) When can you safely ignore multicollinearity. Statistical horizons. 5 (1), 1-2.

Allison, P.D. (2012b) Google-Books-ID: NFOkwF110F4C. Logistic Regression Using SAS: Theory and
Application, Second Edition. SAS Institute.

Anable, ]. (2005) ‘Complacent Car Addicts’ or ‘Aspiring Environmentalists’? Identifying travel
behaviour segments using attitude theory. Transport Policy. 12 (1), 65-78. Available
from: doi:10.1016/j.tranpol.2004.11.004.

Andrade, C. (2015) Understanding relative risk, odds ratio, and related terms: as simple as it can
get. The Journal of clinical psychiatry. 76 (7), 857-861.

Andrews, N., Clement, I. & Aldred, R. (2018) Invisible cyclists? Disabled people and cycle planning
- A case study of London. Journal of Transport & Health. 8, 146-156. Available from:
doi:10.1016/j.jth.2017.11.145.

Appleyard, B.S. & Ferrell, C.E. (2017) The Influence of crime on active & sustainable travel: New
geo-statistical methods and theories for understanding crime and mode choice. Journal of
Transport & Health. 6,516-529. Available from: doi:10.1016/j.jth.2017.04.002.

Avila-Palencia, I, Int Panis, L., Dons, E., Gaupp-Berghausen, M., et al. (2018) The effects of
transport mode use on self-perceived health, mental health, and social contact measures:
A cross-sectional and longitudinal study. Environment International. 120, 199-206.
Available from: doi:10.1016/j.envint.2018.08.002.

Ayres, T.]. (2014) Bicycle Promotion as a Response to Climate Change. Ergonomics in Design: The
Quarterly of Human Factors Applications. 22 (2), 30-32. Available from:
doi:10.1177/1064804614526203.

Ball, K., Jeffery, RW., Abbott, G., McNaughton, S.A,, et al. (2010) Is healthy behavior contagious:
associations of social norms with physical activity and healthy eating. International
Journal of Behavioral Nutrition and Physical Activity. 7 (1), 86. Available from:
doi:10.1186/1479-5868-7-86.

Bamberg, S. (2013a) Applying the stage model of self-regulated behavioral change in a car use
reduction intervention. Journal of Environmental Psychology. 33, 68-75. Available from:
doi:10.1016/j.jenvp.2012.10.001.

Bamberg, S. (2013b) Changing environmentally harmful behaviors: A stage model of self-

regulated behavioral change. Journal of Environmental Psychology. 34, 151-159.
Available from: doi:10.1016/j.jenvp.2013.01.002.

156



Bamberg, S. (2012) Chapter 9 Understanding and Promoting Bicycle Use - Insights from
Psychological Research. In: John Parkin (ed.). Cycling and Sustainability. Emerald Group
Publishing Limited. pp- 219-246. Available from:
http://www.emeraldinsight.com/doi/abs/10.1108/S2044-
9941%282012%290000001011 [Accessed: 12 February 2020 .

Bamberg, S., Ajzen, 1. & Schmidt, P. (2003) Choice of Travel Mode in the Theory of Planned
Behavior: The Roles of Past Behavior, Habit, and Reasoned Action. Basic and Applied Social
Psychology. 25 (3), 175-187. Available from: doi:10.1207/S15324834BASP2503_01.

Bamberg, S., Fujii, S., Friman, M. & Garling, T. (2011) Behaviour theory and soft transport policy
measures.  Transport  Policy. 18 (1), 228-235. Available from:
d0i:10.1016/j.tranpol.2010.08.006.

Bamberg, S., Hunecke, M. & Blobaum, A. (2007) Social context, personal norms and the use of
public transportation: Two field studies. Journal of Environmental Psychology. 27 (3),
190-203. Available from: doi:10.1016/j.jenvp.2007.04.001.

Bandura, A. (1982) Self-efficacy mechanism in human agency. American Psychologist. 37 (2),
122-147. Available from: doi:10.1037/0003-066X.37.2.122.

Barberan, A., de Abreu e Silva, ]. & Monzon, A. (2017) Factors influencing bicycle use: a binary
choice model with panel data. Transportation Research Procedia. 27, 253-260. Available
from: doi:10.1016/j.trpro.2017.12.097.

Barnett, E. & Casper, M. (2001) A definition of ‘social environment’. American Journal of Public
Health. 91 (3), 465.

Barrera, M. (1986) Distinctions between social support concepts, measures, and models.
American Journal of Community Psychology. 14 (4), 413-445. Available from:
doi:10.1007/BF00922627.

Barrera, M. (2000) Social Support Research in Community Psychology. In: Julian Rappaport &
Edward Seidman (eds.). Handbook of Community Psychology. Boston, MA, Springer US. pp.
215-245. Available from: d0i:10.1007/978-1-4615-4193-6_10 [Accessed: 11 April 2020 .

Bartle, C. (2011) Spreading the word: A social-psychological exploration of word-of-mouth traveller
information in the digital age. PhD Thesis. Bristol, University of the West of England.
Available from: https://uwe-repository.worktribe.com/output/957130/spreading-the-
word-a-social-psychological-exploration-of-word-of-mouth-traveller-information-in-
the-digital-age [Accessed: 12 July 2020 .

Bartle, C., Avineri, E. & Chatterjee, K. (2013) Online information-sharing: A qualitative analysis of
community, trust and social influence amongst commuter cyclists in the UK.
Transportation Research Part F: Traffic Psychology and Behaviour. 16, 60-72. Available
from: doi:10.1016/j.trf.2012.08.013.

Bauman, A.E,, Sallis, ].F., Dzewaltowski, D.A. & Owen, N. (2002) Toward a better understanding of
the influences on physical activity: The role of determinants, correlates, causal variables,

mediators, moderators, and confounders. American Journal of Preventive Medicine. 23 (2),
5-14. Available from: doi:10.1016/S0749-3797(02)00469-5.

157



Beenackers, M.A.,, Foster, S., Kamphuis, C.B.M,, Titze, S., et al. (2012) Taking Up Cycling After
Residential Relocation: Built Environment Factors. American Journal of Preventive
Medicine. 42 (6), 610-615. Available from: doi:10.1016/j.amepre.2012.02.021.

Beets, M.W,, Cardinal, B.]. & Alderman, B.L. (2010) Parental Social Support and the Physical
Activity-Related Behaviors of Youth: A Review. Health Education & Behavior. 37 (5), 621-
644. Available from: doi:10.1177/1090198110363884.

Beets, M.W., Vogel, R, Forlaw, L., Pitetti, K.H., et al. (2006) Social support and youth physical
activity: the role of provider and type. American Journal of Health Behavior. 30 (3), 278-
289. Available from: doi:10.5993/AJHB.30.3.6.

van Bekkum, J.E., Williams, ].M. & Morris, P.G. (2011) Cycle commuting and perceptions of
barriers: stages of change, gender and occupation. Health Education. 111 (6), 476-497.
Available from: doi:10.1108/09654281111180472.

Belgian statistical office (2014) Statbel. 2014. Available from: https://statbel.fgov.be/en
[Accessed: 31 January 2020 .

Biehl, A., Ermagun, A. & Stathopoulos, A. (2018) Modelling determinants of walking and cycling
adoption: A stage-of-change perspective. Transportation Research Part F: Traffic
Psychology and Behaviour. 58, 452-470. Available from: doi:10.1016/j.trf.2018.06.016.

Bird, E.L., Baker, G., Mutrie, N., Ogilvie, D., et al. (2013) Behavior Change Techniques Used to
Promote Walking and Cycling. Health Psychology. 32 (8), 829-838. Available from:
doi:10.1037/a0032078.

Bivand, R,, Keitt, T. & Rowlingson, B. (2019) rgdal: Bindings for the ‘Geospatial’ Data Abstraction
Library. Available from: https://CRAN.R-project.org/package=rgdal.

Bivand, R.S., Pebesma, E. & Gémez-Rubio, V. (2013) Applied Spatial Data Analysis with R. Use R!
2nd edition. New York, Springer-Verlag. Available from: doi:10.1007/978-1-4614-7618-
4 [Accessed: 2 November 2020 .

Blanc, B. & Figliozzi, M. (2016) Modeling the Impacts of Facility Type, Trip Characteristics, and
Trip Stressors on Cyclists’ Comfort Levels Utilizing Crowdsourced Data. Transportation
Research Record. 2587 (1), 100-108. Available from: doi:10.3141/2587-12.

Bourke, M., Craike, M. & Hilland, T.A. (2019) Moderating effect of gender on the associations of
perceived attributes of the neighbourhood environment and social norms on transport
cycling behaviours. Journal of Transport & Health. 13, 63-71. Available from:
doi:10.1016/j.jth.2019.03.010.

Brand, C., Goodman, A. & Ogilvie, D. (2014) Evaluating the impacts of new walking and cycling
infrastructure on carbon dioxide emissions from motorized travel: A controlled
longitudinal  study. Applied Energy. 128, 284-295. Available from:
doi:10.1016/j.apenergy.2014.04.072.

Branion-Calles, M., Winters, M., Nelson, T., de Nazelle, A., et al. (2019) Impacts of study design on
sample size, participation bias, and outcome measurement: A case study from bicycling
research. Journal of Transport & Health. 15, 100651. Available from:
doi:10.1016/j.jth.2019.100651.

Bronfenbrenner, U. (1993) Ecological Models of Human Development. In: M Gauvain & M Cole
(eds.). Readings on the development of children. 2nd edition. NY, Freeman. p.

158



Bronfenbrenner, U. (1977) Toward an experimental ecology of human development. American
Psychologist. 32 (7), 513-531. Available from: doi:10.1037/0003-066X.32.7.513.

Brown, B.B., Smith, K.R.,, Hanson, H., Fan, ].X,, et al. (2013) Neighborhood Design for Walking and
Biking: Physical Activity and Body Mass Index. American Journal of Preventive Medicine.
44 (3), 231-238. Available from: doi:10.1016/j.amepre.2012.10.024.

Brunet, ]., Sabiston, C.M., O’Loughlin, ]., Mathieu, M.-E., et al. (2014) Perceived Parental Social
Support and Moderate-to-Vigorous Physical Activity in Children at Risk of Obesity.
Research Quarterly for Exercise and Sport. 85 (2), 198-207. Available from:
doi:10.1080/02701367.2014.893049.

Bucklin, D. & Basille, M. (2018) rpostgis: Linking R with a PostGIS Spatial Database. The R Journal.
10 (1), 251-268.

Buehler, R. (2012) Determinants of bicycle commuting in the Washington, DC region: The role of
bicycle parking, cyclist showers, and free car parking at work. Transportation Research
Part D: Transport and Environment. 17 (7), 525-531. Available from:
doi:10.1016/j.trd.2012.06.003.

Caros, N.S. & Chow, ].Y.J. (2020) Effects of violent crime and vehicular crashes on active mode
choice decisions in New York City. Travel Behaviour and Society. 18, 37-45. Available
from: doi:10.1016/j.tbs.2019.09.004.

Carreno, M., Vleugels, 1., Backx, K., Clark, A., et al. (2013) Ecomobility SHIFT-Assessment and
Audit Scheme. Manual for Auditors and Advisors. ICLEI-Local Governments for
Sustainability eV http://ec. europa.
eu/energy/intelligent/projects/sites/ieeprojects/files/projects/documents/ecomobility_sh
ift_shift_ manual_for_auditors_and_advisors_en. p df.

Cerin, E., Saelens, B.E,, Sallis, ].F. & Frank, L.D. (2006) Neighborhood Environment Walkability
Scale: Validity and Development of a Short Form. Medicine & Science in Sports & Exercise.
38 (9), 1682-1691. Available from: doi:10.1249/01.mss.0000227639.83607.4d.

Christiansen, L.B., Cerin, E., Badland, H., Kerr, J., et al. (2016) International comparisons of the
associations between objective measures of the built environment and transport-related
walking and cycling: IPEN adult study. Journal of Transport & Health. 3 (4), 467-478.
Available from: doi:10.1016/j.jth.2016.02.010.

Christiansen, L.B., Madsen, T., Schipperijn, ]., Ersbgll, AK, et al. (2014) Variations in active
transport behavior among different neighborhoods and across adult life stages. Journal of
Transport & Health. 1 (4), 316-325. Available from: doi:10.1016/j.jth.2014.10.002.

Cialdini, R.B. (2009) Influence: Science and practice. Pearson education Boston, MA.

Cialdini, R.B., Kallgren, C.A. & Reno, R.R. (1991) A Focus Theory of Normative Conduct: A
Theoretical Refinement and Reevaluation of the Role of Norms in Human Behavior. In:
Mark P. Zanna (ed.). Advances in Experimental Social Psychology. Academic Press. pp. 201-
234. Available from: doi:10.1016/S0065-2601(08)60330-5 [Accessed: 1 April 2020 .

Clayton, W., Parkin, J. & Billington, C. (2017) Cycling and disability: A call for further research.
Journal of Transport & Health. 6,452-462. Available from: doi:10.1016/j.jth.2017.01.013.

159



Conway, ., Eddelbuettel, D., Nishiyama, T., Prayaga, S.K,, et al. (2017) RPostgreSQL: R Interface to
the ‘PostgreSQL’  Database  System.  Available from: https://CRAN.R-
project.org/package=RPostgreSQL.

Crawley, M.]. (2013) The R book. Second edition. Chichester, West Sussex, United Kingdom, Wiley.

Darnton, A. (2008) Behaviour Change Knowledge Review-Reference Report. Andrew Darnton for
the Government Social Research Unit.

Dewulf, B, Neutens, T., Van Dyck, D., de Bourdeaudhuij, I., et al. (2012) Correspondence between
objective and perceived walking times to urban destinations: Influence of physical
activity, neighbourhood walkability, and socio-demographics. International Journal of
Health Geographics. 11 (1), 43. Available from: doi:10.1186/1476-072X-11-43.

DiClemente, C.C. & Prochaska, J.0. (1982) Self-change and therapy change of smoking behavior: A
comparison of processes of change in cessation and maintenance. Addictive Behaviors. 7
(2), 133-142. Available from: doi:10.1016/0306-4603(82)90038-7.

Dill, ], Goddard, T., Monsere, C. & McNeil, N. (2014) Can Protected Bike Lanes Help Close the
Gender Gap in Cycling? Lessons from Five Cities. Urban Studies and Planning Faculty
Publications and Presentations. Available from:
https://pdxscholar.library.pdx.edu/usp_fac/123.

Dill, J. & McNeil, N. (2013) Four Types of Cyclists?: Examination of Typology for Better
Understanding of Bicycling Behavior and Potential. Transportation Research Record:
Journal of the Transportation Research Board. 2387 (1), 129-138. Available from:
doi:10.3141/2387-15.

Donald, 1.J., Cooper, S.R. & Conchie, S.M. (2014) An extended theory of planned behaviour model
of the psychological factors affecting commuters’ transport mode use. Journal of
Environmental Psychology. 40, 39-48. Available from: doi:10.1016/j.jenvp.2014.03.003.

Dons, E., Gotschi, T., Nieuwenhuijsen, M., de Nazelle, A, et al. (2015) Physical Activity through
Sustainable Transport Approaches (PASTA): protocol for a multi-centre, longitudinal
study. BMC Public Health. 15.

Dormann, C.F,, Elith, ], Bacher, S., Buchmann, C., et al. (2013) Collinearity: a review of methods to
deal with it and a simulation study evaluating their performance. Ecography. 36 (1), 27-
46. Available from: doi:10.1111/j.1600-0587.2012.07348.x.

Driller, B.K,, Thigpen, C.G. & Handy, S.L. (2014) Using Stages-of-Change Approach to Explore
Opportunities for Increasing Bicycle Commuting. In: 2014 Washington, D.C,
Transportation Research Board. p. Available from: http://amonline.trb.org/trb-55856-
2014a-1.823612/t-1132-1.877649/523-1.878272/14-3039-1.878313/14-3039-
1.8783177qr=1 [Accessed: 7 October 2020 .

Eiser, ].R. & Cole, N. (2002) Participation in Cervical Screening as a Function of Perceived Risk,
Barriers and need for Cognitive Closure. Journal of Health Psychology. 7 (1), 99-105.
Available from: doi:10.1177/1359105302007001657.

Elvik, R. & Bjgrnskau, T. (2005) How accurately does the public perceive differences in transport

risks?: An exploratory analysis of scales representing perceived risk. Accident Analysis &
Prevention. 37 (6),1005-1011. Available from: doi:10.1016/j.aap.2005.05.003.

160



Engbers, L.H. & Hendriksen, L.]. (2010) Characteristics of a population of commuter cyclists in the
Netherlands: perceived barriers and facilitators in the personal, social and physical
environment. International Journal of Behavioral Nutrition and Physical Activity. 7 (1), 89.
Available from: doi:10.1186/1479-5868-7-89.

Eriksson, L. & Forward, S.E. (2011) Is the intention to travel in a pro-environmental manner and
the intention to use the car determined by different factors? Transportation Research Part
D: Transport and Environment. 16 (5), 372-376. Available from:
doi:10.1016/j.trd.2011.02.003.

Eriksson, U., Arvidsson, D., Gebel, K., Ohlsson, H., et al. (2012) Walkability parameters, active
transportation and objective physical activity: moderating and mediating effects of motor
vehicle ownership in a cross-sectional study. International Journal of Behavioral Nutrition
and Physical Activity. 9 (1), 123. Available from: doi:10.1186/1479-5868-9-123.

European Commission (2013) Attitudes of Europeans towards urban mobility. Available from:
http://ec.europa.eu/public_opinion/archives/ebs/ebs_406_en.pdf.

Evenson, K.R,, Sotres-Alvarez, D., Herring, A.H., Messer, L., et al. (2009) Assessing urban and rural
neighborhood characteristics using audit and GIS data: derivation and reliability of
constructs. International Journal of Behavioral Nutrition and Physical Activity. 6 (1), 44.
Available from: doi:10.1186/1479-5868-6-44.

Fishman, E., Washington, S. & Haworth, N. (2012) Barriers and facilitators to public bicycle
scheme use: A qualitative approach. Transportation Research Part F: Traffic Psychology
and Behaviour. 15 (6), 686-698. Available from: doi:10.1016/j.trf.2012.08.002.

Fitch, D., Carlen, ]. & Handy, S. (2020) Making Bicycling Comfortable: Identifying Minimum
Infrastructure Needs by Population Segments Using a Video Survey. Available from:
d0i:10.7922/G27ZP44C0 [Accessed: 18 February 2020 .

Fliichter, K., Wortmann, F. & Fleisch, E. (2014) Digital commuting: the effect of social normative
feedback on e-bike commuting-evidence from a field study.

Foley, L., Panter, ]., Heinen, E., Prins, R,, et al. (2015) Changes in active commuting and changes in
physical activity in adults: a cohort study. International Journal of Behavioral Nutrition
and Physical Activity. 12 (1), 161. Available from: doi:10.1186/s12966-015-0323-0.

Forward, S.E. (2014) Exploring people’s willingness to bike using a combination of the theory of
planned behavioural and the transtheoretical model. Revue Européenne de Psychologie
Appliquée/European Review of Applied Psychology. 64 (3), 151-159. Available from:
doi:10.1016/j.erap.2014.04.002.

Fox, ]J. (2015) Google-Books-ID: cjB3BwAAQBA]. Applied Regression Analysis and Generalized
Linear Models. SAGE Publications.

Fox, ]. & Monette, G. (1992) Generalized Collinearity Diagnostics. Journal of the American
Statistical Association. 87 (417), 178-183. Available from: d0i:10.2307/2290467.

Fox, ]. & Weisberg, S. (2011) Google-Books-ID: YH6NotdvzFOC. An R Companion to Applied
Regression. SAGE.

Fox, ], Weisberg, S. & Price, B. (2018) car: Companion to Applied Regression. Available from:
https://CRAN.R-project.org/package=car.

161



Freeman, L., Neckerman, K., Schwartz-Soicher, 0. Quinn, ], et al. (2013) Neighborhood
Walkability and Active Travel (Walking and Cycling) in New York City. Journal of Urban
Health. 90 (4), 575-585. Available from: doi:10.1007 /s11524-012-9758-7.

Gabriele, .M., Walker, M.S., Gill, D.L., Harber, K.D., et al. (2005) Differentiated roles of social
encouragement and social constraint on physical activity behavior. Annals of Behavioral
Medicine. 29 (3), 210-215. Available from: d0i:10.1207/s15324796abm2903_7.

Garling, T. & Fuijii, S. (2009) Travel behavior modification: Theories, methods, and programs. The
expanding sphere of travel behaviour research. 97-128.

Gatersleben, B. (2012) The psychology of sustainable transport. the psychologist. Volume 25-Part
0.

Gatersleben, B. & Appleton, KM. (2007) Contemplating cycling to work: Attitudes and
perceptions in different stages of change. Transportation Research Part A: Policy and
Practice. 41 (4), 302-312. Available from: doi:10.1016/j.tra.2006.09.002.

Gatersleben, B. & Vlek, C. (1998) Household consumption, quality of life, and environmental
impacts: A psychological perspective and empirical study. Green households. 141-183.

Gaupp-Berghausen, M., Raser, E., Anaya-Boig, E., Avila-Palencia, L, et al. (2019) Evaluation of
Different Recruitment Methods: Longitudinal, Web-Based, Pan-European Physical
Activity Through Sustainable Transport Approaches (PASTA) Project. Journal of Medical
Internet Research. 21 (5), e11492. Available from: doi:10.2196/11492.

Gebel, K, Ding, D., Foster, C., Bauman, A.E,, et al. (2015) Improving Current Practice in Reviews of
the Built Environment and Physical Activity. Sports Medicine. 45 (3), 297-302. Available
from: doi:10.1007 /s40279-014-0273-8.

Gelman, A. (2005) Analysis of Variance: Why It Is More Important than Ever. The Annals of
Statistics. 33 (1), 1-31.

Gerencia d’Habitat Urba & Marti, N. (2014) Indicadors de sostenibilitat de Barcelona. Informe 2013.
Available from: http://hdl.handle.net/11703/96992 [Accessed: 31 January 2019 .

Gerike, R., Nazelle, A. de, Nieuwenhuijsen, M., Panis, L.I,, et al. (2016) Physical Activity through
Sustainable Transport Approaches (PASTA): a study protocol for a multicentre project.
BM] Open. 6 (1), e009924.

de Geus, B., Bourdeaudhuij, I.D., Jannes, C. & Meeusen, R. (2008) Psychosocial and environmental
factors associated with cycling for transport among a working population. Health
Education Research. 23 (4), 697-708. Available from: doi:10.1093 /her/cym055.

de Geus, B, Wuytens, N., Deliens, T., Kesert, I, et al. (2019) Psychosocial and environmental
correlates of cycling for transportation in Brussels. Transportation Research Part A: Policy
and Practice. 123, 80-90. Available from: doi:10.1016/j.tra.2018.09.005.

Giles-Corti, B., Timperio, A. Bull, F. & Pikora, T. (2005) Understanding physical activity
environmental correlates: increased specificity for ecological models. Exercise and sport
sciences reviews. 33 (4), 175-181.

Golden, S.D. & Earp, J.A.L. (2012) Social Ecological Approaches to Individuals and Their Contexts

Twenty Years of Health Education & Behavior Health Promotion Interventions. Health

162



Education & Behavior. 39 (3), 364-372. Available from:
doi:10.1177/1090198111418634.

Gollwitzer, P.M. (1990) Action phases and mind-sets. Handbook of motivation and cognition:
Foundations of social behavior. 2, 53-92.

Goodman, A., Green, ]. & Woodcock, J. (2014) The role of bicycle sharing systems in normalising
the image of cycling: An observational study of London cyclists. Journal of Transport &
Health. 1 (1), 5-8. Available from: doi:10.1016/j.jth.2013.07.001.

Goodman, A., Panter, |, Sharp, S.J. & Ogilvie, D. (2013) Effectiveness and equity impacts of town-
wide cycling initiatives in England: A longitudinal, controlled natural experimental study.
Social Science & Medicine. 97, 228-237. Available from:
d0i:10.1016/j.socscimed.2013.08.030.

Goodman, A., Sahlgvist, S. & Ogilvie, D. (2014) New Walking and Cycling Routes and Increased
Physical Activity: One- and 2-Year Findings From the UK iConnect Study. American Journal
of Public Health. e1-e9. Available from: doi:10.2105/AJPH.2014.302059.

Gossling, S., Choi, A., Dekker, K. & Metzler, D. (2019) The Social Cost of Automobility, Cycling and
Walking in the European Union. Ecological Economics. 158, 65-74. Available from:
do0i:10.1016/j.ecolecon.2018.12.016.

Gotschi, T., de Nazelle, A., Brand, C. & Gerike, R. (2017) Towards a Comprehensive Conceptual
Framework of Active Travel Behavior: a Review and Synthesis of Published Frameworks.
Current Environmental Health Reports. 4 (3), 286-295. Available from:
doi:10.1007/s40572-017-0149-9.

Gottlieb, B.H. & Bergen, A.E. (2010) Social support concepts and measures. Journal of
Psychosomatic Research. 69 (5), 511-520. Available from:
d0i:10.1016/j.jpsychores.2009.10.001.

Grasser, G., van Dyck, D., Titze, S. & Stronegger, W.J. (2017) A European perspective on GIS-based
walkability and active modes of transport. European Journal of Public Health. 27 (1), 145-
151. Available from: doi:10.1093 /eurpub/ckw118.

Guell, C., Panter, ]., Jones, N.R. & Ogilvie, D. (2012) Towards a differentiated understanding of
active travel behaviour: Using social theory to explore everyday commuting. Social science
& medicine. 75 (1), 233-239. Available from: doi:10.1016/j.socscimed.2012.01.038.

Hall, K.L. & Rossi, ].S. (2008) Meta-analytic examination of the strong and weak principles across
48 health behaviors. Preventive Medicine. 46 (3), 266-274. Available from:
doi:10.1016/j.ypmed.2007.11.006.

Handy, S., van Wee, B. & Kroesen, M. (2014) Promoting Cycling for Transport: Research Needs
and Challenges. Transport Reviews. 34 (1), 4-24. Available from:
doi:10.1080/01441647.2013.860204.

Handy, S.L. & Xing, Y. (2010) Factors Correlated with Bicycle Commuting: A Study in Six Small U.S.
Cities. International Journal of Sustainable Transportation. 5 (2), 91-110. Available from:
doi:10.1080/15568310903514789.

Handy, S.L., Xing, Y. & Buehler, T.]J. (2010) Factors associated with bicycle ownership and use: a
study of six small U.S. cities. Transportation. 37 (6), 967-985. Available from:
doi:10.1007/s11116-010-9269-x.

163



Harrell, F.E., Jr. (2018) Hmisc: Harrell Miscellaneous. Available from: https://CRAN.R-
project.org/package=Hmisc.

Heath, Y. & Gifford, R. (2002) Extending the Theory of Planned Behavior: Predicting the Use of
Public Transportationl. Journal of Applied Social Psychology. 32 (10), 2154-2189.
Available from: doi:10.1111/j.1559-1816.2002.tb02068.x.

Heesch, K.C,, Giles-Corti, B. & Turrell, G. (2014) Cycling for transport and recreation: Associations
with socio-economic position, environmental perceptions, and psychological disposition.
Preventive Medicine. 63,29-35. Available from: doi:10.1016/j.ypmed.2014.03.003.

Heinen, E., Kamruzzaman, Md. & Turrell, G. (2018) The public bicycle-sharing scheme in Brisbane,
Australia: Evaluating the influence of its introduction on changes in time spent cycling
amongst a middle- and older-age population. Journal of Transport & Health. Available
from: doi:10.1016/j.jth.2018.07.003 [Accessed: 10 September 2020 .

Heinen, E., Maat, K. & van Wee, B. (2013) The effect of work-related factors on the bicycle
commute mode choice in the Netherlands. Transportation. 40 (1), 23-43.

Heinen, E., Maat, K. & Wee, B. van (2011) The role of attitudes toward characteristics of bicycle
commuting on the choice to cycle to work over various distances. Transportation Research
Part D: Transport and Environment. 16 (2), 102-109. Available from:
doi:10.1016/j.trd.2010.08.010.

Heinen, E., van Wee, B. & Maat, K. (2010) Commuting by Bicycle: An Overview of the Literature.
Transport Reviews. 30 (1), 59-96. Available from: doi:10.1080/01441640903187001.

Higgins, ].P.T., Chandler, ]., Cumpston, M,, Li, T., et al. (2019) Cochrane handbook for systematic
reviews of interventions. Version 6.0. John Wiley & Sons. Available from:
www.training.cochrane.org/handbook.

Higgins, ].P.T., Thompson, S.G., Deeks, ].J. & Altman, D.G. (2003) Measuring inconsistency in meta-
analyses. BM] : British Medical Journal. 327 (7414), 557-560.

Hijmans, R.J. (2019) raster: Geographic Data Analysis and Modeling. Available from:
https://CRAN.R-project.org/package=raster.

Hinkle, D.E., Wiersma, W. & Jurs, S.G. (2003) Applied statistics for the behavioral sciences.
Houghton Mifflin College Division.

Hull, A. & O’Holleran, C. (2014) Bicycle infrastructure: can good design encourage cycling? Urban,
Planning and Transport Research. 2 (1), 369-406. Available from:
doi:10.1080/21650020.2014.955210.

Humphreys, D.K,, Goodman, A. & Ogilvie, D. (2013) Associations between active commuting and
physical and mental wellbeing. Preventive Medicine. 57 (2), 135-139. Available from:
doi:10.1016/j.ypmed.2013.04.008.

Institut d’Estadistica de Catalunya (2014) Idescat. Pagina principal. 2014. Available from:
https://www.idescat.cat/ [Accessed: 31 January 2020 .

[stituto nazionale di statistica (2016) Annuario statistico del Comune di Roma 2015. Il Parte.

Available from: https://www.comune.roma.it/web-
resources/cms/documents/AnnStat2015_I1_parte_Dati_statistici_X.pdf.

164



[talian Institute of Statistics (2014) Demo-Geodemo. - Maps, Population, Demography of ISTAT.
2014. Available from: http://demo.istat.it/index_e.html [Accessed: 31 January 2020 .

Jackson, T. (2005) Motivating sustainable consumption: a review of evidence on consumer
behaviour and behavioural change: a report to the Sustainable Development Research
Network. Centre for Environmental Strategy, University of Surrey.

Jacobsen, P.L., Racioppi, F. & Rutter, H. (2009) Who owns the roads? How motorised traffic
discourages walking and bicycling. Injury Prevention. 15 (6), 369-373. Available from:
doi:10.1136/ip.2009.022566.

Jacobson, R.P., Mortensen, C.R. & Cialdini, R.B. (2011) Bodies obliged and unbound: Differentiated
response tendencies for injunctive and descriptive social norms. Journal of Personality
and Social Psychology. 100 (3), 433-448. Available from: doi:10.1037/a0021470.

Johnston, R, Jones, K. & Manley, D. (2018) Confounding and collinearity in regression analysis: a
cautionary tale and an alternative procedure, illustrated by studies of British voting
behaviour. Quality & Quantity. 52 (4), 1957-1976. Available from: doi:10.1007/s11135-
017-0584-6.

Kahneman, D. (2012) Thinking, Fast and Slow. London, Penguin.

Kerr, J., Emond, J.A.,, Badland, H., Reis, R,, et al. (2016) Perceived Neighborhood Environmental
Attributes Associated with Walking and Cycling for Transport among Adult Residents of
17 Cities in 12 Countries: The IPEN Study. Environmental Health Perspectives. 124 (3),
290-298. Available from: doi:10.1289/ehp.1409466.

Klockner, C.A. & Matthies, E. (2004) How habits interfere with norm-directed behaviour: A
normative decision-making model for travel mode choice. Journal of Environmental
Psychology. 24 (3), 319-327. Available from: doi:10.1016/j.jenvp.2004.08.004.

Koglin, T. & Rye, T. (2014) The marginalisation of bicycling in Modernist urban transport
planning. Journal of Transport & Health. 1 (4), 214-222. Available from:
doi:10.1016/j.jth.2014.09.006.

Kormos, C., Gifford, R. & Brown, E. (2015) The Influence of Descriptive Social Norm Information
on Sustainable Transportation Behavior: A Field Experiment. Environment and Behavior.
47 (5), 479-501. Available from: doi:10.1177/0013916513520416.

Kossmeier, M., Tran, U.S. & Voracek, M. (2019) metaviz: Forest Plots, Funnel Plots, and Visual
Funnel Plot |Inference for Meta-Analysis. Available from: https://CRAN.R-
project.org/package=metaviz.

Kremers, S.P.J., de Bruijn, G.-]., Visscher, T.L.S., Deeg, D.J.H,, et al. (2012) Associations between
Safety from Crime, Cycling, and Obesity in a Dutch Elderly Population: Results from the
Longitudinal Aging Study Amsterdam. Journal of Environmental and Public Health. 2012,
1-6. Available from: doi:10.1155/2012/127857.

Krenn, P, Titze, S., Oja, P., Jones, A, et al. (2011) Use of Global Positioning Systems to Study
Physical Activity and the Environment: A Systematic Review. American Journal of
Preventive Medicine. 41 (5), 508-515. Available from:
do0i:10.1016/j.amepre.2011.06.046.

Kuratorium fiir Verkehrssicherheit (2014) Verkehrsunfallstatistik 2014. 2014. Available from:
http://unfallstatistik.kfv.at/index.php?id=65&no_cache=1&cache_file=kfv_nav_cache.ht

165



ml&report_typ=Wien&kap_txt=Verkehrsbeteiligung&tab_txt=Get%C3%B6tete+nach+Ve
rkehrsbeteiligung [Accessed: 8 December 2020 .

LaMorte, W.W. (2018) Risk Ratios and Rate Ratios (Relative Risk). 2018. Boston University School
of Public Health. Available from: http://sphweb.bumc.bu.edu/otlt/MPH-
Modules/EP/EP713_Association/EP713_Association3.html [Accessed: 18 January 2020 .

Lapinski, M.K. & Rimal, R.N. (2005) An Explication of Social Norms. Communication Theory. 15
(2), 127-147. Available from: doi:10.1111/j.1468-2885.2005.tb00329.x.

Lewis, S. & Clarke, M. (2001) Forest plots: trying to see the wood and the trees. BMJ. 322 (7300),
1479-1480. Available from: doi:10.1136/bm;.322.7300.1479.

Li, Z.,, Wang, W., Liu, P. & Ragland, D.R. (2012) Physical environments influencing bicyclists’
perception of comfort on separated and on-street bicycle facilities. Transportation
Research Part D: Transport and Environment. 17 (3), 256-261. Available from:
doi:10.1016/j.trd.2011.12.001.

Lovelace, R., Goodman, A., Aldred, R., Berkoff, N., et al. (2017) The Propensity to Cycle Tool: An
open source online system for sustainable transport planning. Journal of Transport and
Land Use. 10 (1). Available from: doi:10.5198/jtlu.2016.862 [Accessed: 10 September
2020 .

Lukacsy, M. & Fendt, C. (2015) Vienna in Figures 2015. Available from:
https://www.wien.gv.at/statistik/pdf/viennainfigures-2015.pdf.

Lusk, A.C., Willett, W.C., Morris, V., Byner, C., et al. (2019) Bicycle Facilities Safest from Crime and
Crashes: Perceptions of Residents Familiar with Higher Crime/Lower Income
Neighborhoods in Boston. International Journal of Environmental Research and Public
Health. 16 (3), 484. Available from: doi:10.3390/ijerph16030484.

Ma, L. & Dill, J. (2015) Associations between the objective and perceived built environment and
bicycling for transportation. Journal of Transport & Health. 2 (2), 248-255. Available
from: doi:10.1016/j.jth.2015.03.002.

Ma, L., Dill, ]. & Mohr, C. (2014) The objective versus the perceived environment: what matters
for bicycling? Transportation. 41 (6), 1135-1152. Available from: doi:10.1007/s11116-
014-9520-y.

Macmillan, A. & Woodcock, J. (2017) Understanding bicycling in cities using system dynamics
modelling. Journal of Transport & Health. 7, 269-279. Available from:
doi:10.1016/j.jth.2017.08.002.

Maldonado-Hinarejos, R., Sivakumar, A. & Polak, J.W. (2014) Exploring the role of individual
attitudes and perceptions in predicting the demand for cycling: a hybrid choice modelling
approach. Transportation. 41 (6), 1287-1304. Available from: doi:10.1007/s11116-014-
9551-4.

Marsden, G., Anable, ., Chatterton, T., Docherty, L, et al. (2020) Studying disruptive events:
Innovations in behaviour, opportunities for lower carbon transport policy? Transport
Policy. 94, 89-101. Available from: doi:10.1016/j.tranpol.2020.04.008.

Marshall, S.J. & Biddle, S.J.H. (2001) The transtheoretical model of behavior change: a meta-
analysis of applications to physical activity and exercise. Annals of Behavioral Medicine.
23 (4), 229-246. Available from: d0i:10.1207/S15324796ABM2304_2.

166



McFadden, D. (1973) Conditional logit analysis of qualitative choice behavior. In: P. Zarembka
(ed.). Frontiers in econometrics. New York, Academic Press. pp. 105-142.

McFadden, D. (1979) Quantitative models for analysing travel behavior of individuals. In: David
Hensher & Peter Stopher (eds.). Behavioral travel demand modelling. Kent, Croom Helm.
pp- 279-318.

McLeroy, K.R., Bibeau, D., Steckler, A. & Glanz, K. (1988) An ecological perspective on health
promotion programs. Health education quarterly. 15 (4), 351-377.

Mertens, L., Van Dyck, D., Ghekiere, A., De Bourdeaudhuij, 1., et al. (2016) Which environmental
factors most strongly influence a street’s appeal for bicycle transport among adults? A
conjoint study using manipulated photographs. International Journal of Health
Geographics. 15 (1). Available from: doi:10.1186/s12942-016-0058-4 [Accessed: 17
December 2020 .

Mertens, L., Van Holle, V., De Bourdeaudhuij, I., Deforche, B., et al. (2014) The effect of changing
micro-scale physical environmental factors on an environment’s invitingness for
transportation cycling in adults: an exploratory study using manipulated photographs.
International Journal of Behavioral Nutrition and Physical Activity. 11, 88. Available from:
doi:10.1186/s12966-014-0088-x.

Molina-Garcia, J., Castillo, I. & Sallis, J.F. (2010) Psychosocial and environmental correlates of
active commuting for university students. Preventive Medicine. 51 (2), 136-138. Available
from: doi:10.1016/j.ypmed.2010.05.009.

Moudon, A.V., Lee, C., Cheadle, A.D., Collier, C.W., et al. (2005) Cycling and the built environment,
a US perspective. Transportation Research Part D: Transport and Environment. 10 (3),
245-261. Available from: doi:10.1016/j.trd.2005.04.001.

Mueller, N., Rojas-Rueda, D., Cole-Hunter, T., de Nazelle, A., et al. (2015) Health impact assessment
of active transportation: A systematic review. Preventive Medicine. 76,103-114. Available
from: doi:10.1016/j.ypmed.2015.04.010.

Mueller, N., Rojas-Rueda, D., Salmon, M., Martinez, D., et al. (2018) Health impact assessment of
cycling network expansions in European cities. Preventive Medicine. 109, 62-70.
Available from: doi:10.1016/j.ypmed.2017.12.011.

Mukaka, M. (2012) A guide to appropriate use of Correlation coefficient in medical research.
Malawi Medical Journal : The Journal of Medical Association of Malawi. 24 (3), 69-71.

Muioz, B.,, Monzon, A. & Lois, D. (2013) Cycling Habits and Other Psychological Variables Affecting
Commuting by Bicycle in Madrid, Spain. Transportation Research Record: Journal of the
Transportation Research Board. 2382, 1-9. Available from: doi:10.3141/2382-01.

Muioz Lopez, B. (2016) Integrating bicycle option in mode choice models through latent variables.
phd. E.T.S.I. Caminos, Canales y Puertos (UPM). Available from: http://oa.upm.es/42671/
[Accessed: 5 April 2020 .

Mutrie, N., Carney, C., Blamey, A., Crawford, F., et al. (2002) “Walk in to Work Out”: a randomised
controlled trial of a self help intervention to promote active commuting. Journal of
Epidemiology and Community Health. 56 (6), 407-412. Available from:
doi:10.1136/jech.56.6.407.

167



Navarro, D. (2018) Learning statistics with R: A tutorial for psychology students and other
beginners. Version 0.6.1. University of New South Wales, Open Textbook Library.
Available from: https://open.umn.edu/opentextbooks/textbooks/learning-statistics-
with-r-a-tutorial-for-psychology-students-and-other-beginners.

Navarro, D. (2015) Isr: Companion to ‘Learning Statistics with R’. Available from: https://CRAN.R-
project.org/package=lsr.

de Nazelle, A., Nieuwenhuijsen, M.]., Anté, ].M., Brauer, M., et al. (2011) Improving health through
policies that promote active travel: A review of evidence to support integrated health
impact assessment. Environment International. 37 (4), 766-777. Available from:
doi:10.1016/j.envint.2011.02.003.

Nieuwenhuijsen, M. & Khreis, H. (2019) Integrating Human Health into Urban and Transport
Planning: A Framework. Springer International Publishing. Available from:
do0i:10.1007/978-3-319-74983-9 [Accessed: 13 November 2020 .

Nigg, C.R,, Geller, K.S., Motl, RW., Horwath, C.C,, et al. (2011) A research agenda to examine the
efficacy and relevance of the Transtheoretical Model for physical activity behavior.
Psychology of Sport and Exercise. 12 (1), 7-12. Available from:
doi:10.1016/j.psychsport.2010.04.004.

Nkurunziza, A., Zuidgeest, M., Brussel, M. & Van Maarseveen, M. (2012) Examining the potential
for modal change: Motivators and barriers for bicycle commuting in Dar-es-Salaam.
Transport Policy. 24, 249-259. Available from: doi:10.1016/j.tranpol.2012.09.002.

Noyes, P., Fung, L. Lee, KK, Grimshaw, V.E., et al. (2014) Cycling in the City: An In-Depth
Examination of Bicycle Lane Use in a Low-Income Urban Neighborhood. Journal of
Physical Activity and Health. 11 (1), 1-9. Available from: doi:10.1123 /jpah.2011-0429.

O’Brien, R.M. (2007) A Caution Regarding Rules of Thumb for Variance Inflation Factors. Quality
& Quantity. 41 (5), 673-690. Available from: doi:10.1007/s11135-006-9018-6.

O’Brien, R.M. (2017) Dropping Highly Collinear Variables from a Model: Why it Typically is Not a
Good Idea*. Social Science Quarterly. 98 (1), 360-375. Available from:
doi:10.1111/ssqu.12273.

Office for National Statistics (2014) Office for National Statistics. 2014. Available from:
https://www.ons.gov.uk/ [Accessed: 31 January 2020 .

Office for National Statistics (2013) UK Census. 2013. Population and migration. Available from:
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration
[Accessed: 31 January 2019 .

Ogilvie, D., Bull, F., Cooper, A, Rutter, H., et al. (2012) Evaluating the travel, physical activity and
carbon impacts of a ‘natural experiment’ in the provision of new walking and cycling
infrastructure: methods for the core module of the iConnect study. BMJ Open. 2 (1),
e000694-e000694. Available from: doi:10.1136/bmjopen-2011-000694.

Ogilvie, D., Bull, F., Powell], ]., Cooper, A.R, et al. (2011) An Applied Ecological Framework for
Evaluating Infrastructure to Promote Walking and Cycling: The iConnect Study. American
Journal  of  Public  Health. 101 (3), 473-481. Available from:
doi:10.2105/AJPH.2010.198002.

168



Oosterhuis, H. (2016) Cycling, modernity and national culture. Social History. 41 (3), 233-248.
Available from: doi:10.1080/03071022.2016.1180897.

Orsini, A.F. & O’Brien, C. (2006) Fun, Fast and Fit: Influences and Motivators for Teenagers Who
Cycle to School. Children, Youth and Environments. 16 (1), 121-132.

Ouellette, ].A. & Wood, W. (1998) Habit and intention in everyday life: The multiple processes by
which past behavior predicts future behavior. Psychological Bulletin. 124 (1), 54-74.
Available from: doi:10.1037/0033-2909.124.1.54.

Owen, N., Bourdeaudhuij, I.D.D., Sugiyama, T., Leslie, E., et al. (2010) Bicycle Use for Transport in
an Australian and a Belgian City: Associations with Built-Environment Attributes. Journal
of Urban Health. 87 (2), 189-198. Available from: doi:10.1007/s11524-009-9424-x.

Owen, N,, Glanz, K,, Sallis, ].F. & Kelder, S.H. (2006) Evidence-Based Approaches to Dissemination
and Diffusion of Physical Activity Interventions. American Journal of Preventive Medicine.
31 (4, Supplement), 35-44. Available from: doi:10.1016/j.amepre.2006.06.008.

Owen, N., Sugiyama, T., Eakin, E.E., Gardiner, P.A., et al. (2011) Adults’ Sedentary Behavior.
American Journal of Preventive Medicine. 41 (2), 189-196. Available from:
do0i:10.1016/j.amepre.2011.05.013.

Paluck, E.L., Ball, L., Poynton, C. & Sieloff, S. (2010) Social norms marketing aimed at gender based
violence: A literature review and critical assessment. New York: International Rescue
Committee.

Panter, J. & Ogilvie, D. (2015) Theorising and testing environmental pathways to behaviour
change: natural experimental study of the perception and use of new infrastructure to
promote walking and cycling in local communities. BMJ Open. 5 (9), e007593. Available
from: doi:10.1136/bmjopen-2015-007593.

Panter, ].R. & Jones, A. (2010a) Attitudes and the Environment as Determinants of Active Travel
in Adults: What Do and Don’'t We Know? Journal of Physical Activity and Health. 7 (4),
551-561. Available from: doi:10.1123/jpah.7.4.551.

Panter, J.R. & Jones, A. (2010b) Attitudes and the environment as determinants of active travel in
adults: what do and don’t we know? Journal of Physical Activity & Health. 7 (4), 551-561.

Park, H.S. & Smith, S.W. (2007) Distinctiveness and Influence of Subjective Norms, Personal
Descriptive and Injunctive Norms, and Societal Descriptive and Injunctive Norms on
Behavioral Intent: A Case of Two Behaviors Critical to Organ Donation. Human
Communication Research. 33 (2), 194-218. Available from: doi:10.1111/j.1468-
2958.2007.00296.x.

Park, Y. & Akar, G. (2019) Understanding the effects of individual attitudes and residential
neighborhood types on university commuters’ bicycling decisions. Journal of Transport
and Land Use. 12 (1). Available from: doi:10.5198/jtlu.2019.1259 [Accessed: 1 October
2019 .

Parkin, J. (2018) Designing for Cycle Traffic: International principles and practice. ICE Publishing.
Available from: doi:10.1680/dfct.63495 [Accessed: 14 July 2020 .

Parkin, J.,, Wardman, M. & Page, M. (2008) Estimation of the determinants of bicycle mode share
for the journey to work using census data. Transportation. 35 (1),93-109. Available from:
doi:10.1007/s11116-007-9137-5.

169



PASTA Consortium (2018a) Facts on Active Mobility: Antwerp/Belgium. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_Antwerp_WP2.pdf.

PASTA Consortium (2018b) Facts on Active Mobility: Barcelona/Spain. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_Barcelona_WP2.pdf.

PASTA Consortium (2018c) Facts on Active Mobility: London/UK. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_London_WP2.pdf.

PASTA Consortium (2018d) Facts on Active Mobility: Orebro/Sweden. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_Oebrebro_WP2.pdf.

PASTA Consortium (2018e) Facts on Active Mobility: Rome / Italy. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_ Rome_WP2.pdf.

PASTA Consortium (2018f) Facts on Active Mobility: Vienna/Austria. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_Vienna_WP2.pdf.

PASTA Consortium (2018g) Facts on Active Mobility: Ziirich/Switzerland. Available from:
https://pastaproject.eu/fileadmin/editor-
upload/sitecontent/Publications/documents/AM_Factsheet_Zurich_WP2.pdf.

Piatkowski, D.P. & Marshall, W.E. (2015) Not all prospective bicyclists are created equal: The role
of attitudes, socio-demographics, and the built environment in bicycle commuting. Travel
Behaviour and Society. 2 (3), 166-173. Available from: doi:10.1016/j.tbs.2015.02.001.

Politie Antwerpen (2014) Verkeersveiligheidsplan. Evaluatie 2014. 2014. Available from:
https://www.politieantwerpen.be/sites/default/files/documenten/jaarboeken/Verkee
rsveiligheidsplan evaluatie 2014.pdf [Accessed: 27 January 2017 .

Politie Antwerpen (2015) Verkeersveiligheidsplan. Evaluatie 2014. Available from:
https://www.politieantwerpen.be/sites/default/files/documenten/jaarboeken/Verkee
rsveiligheidsplan%?20evaluatie%202014.pdf.

Porter, A.K,, Salvo, D., Pérez, A., Reininger, B., et al. (2018) Intrapersonal and Environmental
Correlates of Bicycling in U.S. Adults. American Journal of Preventive Medicine. 54 (3),
413-418. Available from: doi:10.1016/j.amepre.2017.10.008.

Prentice, D.A. (2008) Mobilizing and weakening peer influence as mechanisms for changing
behavior: Implications for alcohol intervention programs. In: Understanding peer
influence in children and adolescents. Duke series in child development and public policy.
New York, NY, US, The Guilford Press. pp. 161-180.

Prochaska, D.J.0., Redding, C.A. & Evers, K.E. (1997) The Transtheoretical Model of Behavior
Change. In: Health behaviour and health education. Jossey-Bass. pp. 97-121.

Prochaska, J.0. & Diclemente, C.C. (1986) Toward a Comprehensive Model of Change. In: William
R. Miller & Nick Heather (eds.). Treating Addictive Behaviors. Applied Clinical Psychology.

170



Springer US. pp. 3-27. Available from: http://link.springer.com/chapter/10.1007/978-1-
4613-2191-0_1 [Accessed: 9 May 2020 .

Prochaska, J.0. & DiClemente, C.C. (1982) Transtheoretical therapy: Toward a more integrative
model of change. Psychotherapy: Theory, Research & Practice. 19 (3), 276-288. Available
from: doi:10.1037/h0088437.

Prochaska, ].0., DiClemente, C.C. & Norcross, J.C. (1992) In search of how people change:
Applications to addictive behaviors. American Psychologist. 47 (9), 1102-1114. Available
from: doi:10.1037/0003-066X.47.9.1102.

Prochaska, J.0., Redding, C.A. & Evers, K.E. (2015) The Transtheoretical Model and Stages of
Change. In: Karen Glanz, Barbara K. Rimer, & K. Viswanath (eds.). Health behavior: theory,
research, and practice. Jossey-bass public health. Fifth edition. San Francisco, CA, Jossey-
Bass. pp. 125-148.

Prochaska, ].0., Redding, C.A. & Evers, K.E. (2008) The transtheoretical model and stages of
change. In: Health behavior and health education: Theory, research, and practice, 4th ed.
San Francisco, CA, US, Jossey-Bass. pp. 97-121.

Prochaska, ].0. & Velicer, W.F. (1997) The Transtheoretical Model of Health Behavior Change.
American Journal of Health Promotion. 12 (1), 38-48. Available from: doi:10.4278/0890-
1171-12.1.38.

Prochaska, J.0., Velicer, W.F., Rossi, ].S., Goldstein, M.G., et al. (1994) Stages of change and
decisional balance for 12 problem behaviors. Health Psychology. 13 (1), 39-46. Available
from: doi:10.1037/0278-6133.13.1.39.

Pucher, J. & Buehler, R. (2008) Making Cycling Irresistible: Lessons from The Netherlands,
Denmark and Germany. Transport Reviews. 28 (4), 495-528. Available from:
doi:10.1080/01441640701806612.

Pucher, J., Buehler, R, Merom, D. & Bauman, A. (2011) Walking and Cycling in the United States,
2001-2009: Evidence From the National Household Travel Surveys. American Journal of
Public Health. 101 (Suppl 1), S310-S317. Available from:
doi:10.2105/AJPH.2010.300067.

Pucher, ], Dill, J. & Handy, S. (2010) Infrastructure, programs, and policies to increase bicycling:
An international review. Preventive Medicine. 50, Supplement, S106-S125. Available
from: doi:10.1016/j.ypmed.2009.07.028.

R Core Team (2018) R: A Language and Environment for Statistical Computing. Vienna, Austria, R
Foundation for Statistical Computing. Available from: https://www.R-project.org/.

Raser, E., Gaupp-Berghausen, M., Dons, E., Anaya-Boig, E., et al. (2018) European cyclists’ travel
behavior: Differences and similarities between seven European (PASTA) cities. Journal of
Transport & Health. 9, 244-252. Available from: doi:10.1016/j.jth.2018.02.006.

Reno, R.R,, Cialdini, R.B. & Kallgren, C.A. (1993) The transsituational influence of social norms.
Journal of personality and social psychology. 64 (1), 104.

Romanillos, G., Austwick, M.Z., Ettema, D. & Kruijf, ].D. (2016) Big Data and Cycling. Transport
Reviews. 36 (1), 114-133. Available from: doi:10.1080/01441647.2015.1084067.

171



RStudio Team (2018) RStudio: Integrated Development Environment for R. 1.1.463. Boston, MA,
RStudio, Inc. Available from: http://www.rstudio.com/.

Ryley, T. (2006) Use of non-motorised modes and life stage in Edinburgh. Journal of Transport
Geography. 14 (5),367-375. Available from: doi:10.1016/j.jtrangeo0.2005.10.001.

Saelens, B.E,, Sallis, J.F. & Frank, L.D. (2003) Environmental correlates of walking and cycling:
Findings from the transportation, urban design, and planning literatures. Annals of
Behavioral Medicine. 25 (2), 80-91. Available from:
doi:10.1207/S15324796ABM2502_03.

Sahlgvist, S., Goodman, A., Cooper, A.R. & Ogilvie, D. (2013) Change in active travel and changes
in recreational and total physical activity in adults: longitudinal findings from the
iConnect study. International Journal of Behavioral Nutrition and Physical Activity. 10, 28.
Available from: doi:10.1186/1479-5868-10-28.

Sallis, ], Bauman, A. & Pratt, M. (1998) Environmental and policy interventions to promote
physical activitya. American Journal of Preventive Medicine. 15 (4), 379-397. Available
from: doi:10.1016/S0749-3797(98)00076-2.

Sallis, J.F.,, Cervero, R.B., Ascher, W.,, Henderson, K.A., et al. (2006) An Ecological Approach to
Creating Active Living Communities. Annual Review of Public Health. 27 (1), 297-322.
Available from: doi:10.1146/annurev.publhealth.27.021405.102100.

Sallis, J.F,, Conway, T.L., Dillon, L.I, Frank, L.D., et al. (2013) Environmental and demographic
correlates of bicycling. Preventive Medicine. 57 (5), 456-460. Available from:
doi:10.1016/j.ypmed.2013.06.014.

Sallis, ].F., Grossman, R.M., Pinski, R.B., Patterson, T.L., et al. (1987) The development of scales to
measure social support for diet and exercise behaviors. Preventive Medicine. 16 (6), 825-
836. Available from: d0i:10.1016/0091-7435(87)90022-3.

Sallis, ].F., Owen, N. & Fisher, E.B. (2008) Ecological models of health behavior. Health behavior
and health education: Theory, research, and practice. 4, 465-486.

Sanders, R.L. (2015) Perceived traffic risk for cyclists: The impact of near miss and collision
experiences. Accident Analysis & Prevention. 75, 26-34. Available from:
doi:10.1016/j.aap.2014.11.004.

Savan, B., Cohlmeyer, E. & Ledsham, T. (2017) Integrated strategies to accelerate the adoption of
cycling for transportation. Transportation Research Part F: Traffic Psychology and
Behaviour. 46, 236-249. Available from: doi:10.1016/j.trf.2017.03.002.

Schwarzer, R., Sniehotta, F.F,, Lippke, S., Luszczynska, A., et al. (2003) On the assessment and
analysis of variables in the health action process approach: Conducting an investigation.
Berlin: Freie Universeitat Berlin.

Sener, LN, Eluru, N. & Bhat, C.R. (2009) Who are Bicyclists? Why and how much are they
Bicycling?: Transportation Research Record. Available from: doi:10.3141/2134-08
[Accessed: 28 March 2020 .

Shannon, T., Giles-Corti, B., Pikora, T., Bulsara, M., et al. (2006) Active commuting in a university

setting: Assessing commuting habits and potential for modal change. Transport Policy. 13
(3), 240-253. Available from: doi:10.1016/j.tranpol.2005.11.002.

172



Sherwin, H., Chatterjee, K. & Jain, J. (2014) An exploration of the importance of social influence in
the decision to start bicycling in England. Transportation Research Part A: Policy and
Practice. 68, 32-45. Available from: doi:10.1016/j.tra.2014.05.001.

Shtatland, E.S., Kleinman, K. & Cain, E.M. (2002) One more time about R2 measures of fit in logistic
regression. NESUG 15 Proceedings. 15, 222-226.

Signorell, A. (2020) DescTools: Tools for Descriptive Statistics. Available from: https://CRAN.R-
project.org/package=DescTools.

Simons, D., Bourdeaudhuij, L.D., Clarys, P., Cocker, K.D. et al. (2017) Psychosocial and
environmental correlates of active and passive transport behaviors in college educated
and non-college educated working young adults. PLOS ONE. 12 (3),e0174263. Available
from: doi:10.1371/journal.pone.0174263.

Sisson, S.B. & Tudor-Locke, C. (2008) Comparison of cyclists’ and motorists’ utilitarian physical
activity at an urban university. Preventive Medicine. 46 (1), 77-79. Available from:
doi:10.1016/j.ypmed.2007.07.004.

Smith, M., Hosking, ]., Woodward, A., Witten, K., et al. (2017) Systematic literature review of built
environment effects on physical activity and active transport - an update and new
findings on health equity. International Journal of Behavioral Nutrition and Physical
Activity. 14 (1), 158. Available from: doi:10.1186/s12966-017-0613-9.

Soltani, A. & Allan, A. (2006) Analyzing the Impacts of Microscale Urban Attributes on Travel:
Evidence from Suburban Adelaide, Australia. Journal of Urban Planning and Development.
132 (3), 132-137. Available from: doi:10.1061/(ASCE)0733-9488(2006)132:3(132).

Song, Y., Preston, ].M. & Brand, C. (2013) What explains active travel behaviour? Evidence from
case studies in the UK. Environment and Planning A. 45 (12), 2980-2998. Available from:
doi:10.1068/a4669.

Spittaels, H., Verloigne, M., Gidlow, C., Gloanec, |., et al. (2010) Measuring physical activity-related
environmental factors: reliability and predictive validity of the European environmental
questionnaire ALPHA. International Journal of Behavioral Nutrition and Physical Activity.
7 (1), 48. Available from: doi:10.1186/1479-5868-7-48.

Spotswood, F., Chatterton, T., Tapp, A. & Williams, D. (2015) Analysing cycling as a social practice:
An empirical grounding for behaviour change. Transportation Research Part F: Traffic

Psychology and Behaviour. 29, 22-33. Available from: doi:10.1016/j.trf.2014.12.001.

Stadt Wien (2020) Jdhrliche Unfallstatistik fiir Wien von 1983 bis 2017. 2020. Accident statistics

for Vienna. Available from:
https://www.wien.gv.at/verkehr/verkehrssicherheit/unfallstatistik.html [Accessed: 10
March 2020 .

Stadt Ziirich Dienstabteilung Verkehr (2016) Verkehrsunfallstatistik 2015 Stadt Ziirich. Available

from: https://www.stadt-
zuerich.ch/pd/de/index/dav/themen_projekte/verkehrsunfallstatistik.html [Accessed:
10 March 2020 .

Stadt Zirich Dienstabteilung Verkehr (2011) VUSTA 2011 Stadtgebiet Ziirich.

173



Statistics Sweden (2020) Localities and urban areas. 2020. Statistiska Centralbyran. Available
from: http://www.scb.se/en/finding-statistics/statistics-by-subject-
area/environment/land-use/localities-and-urban-areas/ [Accessed: 10 March 2020 .

Statistik Austria (2015) Unfallgeschehen 1992 bis 2015 nach Bundesldndern. 2015. Available from:
http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/u
nfaelle/strassenverkehrsunfaelle/069550.html [Accessed: 7 November 2020 .

Stokols, D. (1996) Translating social ecological theory into guidelines for community health
promotion. American journal of health promotion: AJHP. 10 (4), 282-298.

Streiner, D.L. & Norman, G.R. (2012) Mine Is Bigger Than Yours: Measures of Effect Size in
Research. Chest. 141 (3), 595-598. Available from: doi:10.1378/chest.11-2473.

Sun, Y., Mobasheri, A., Hu, X. & Wang, W. (2017) Investigating Impacts of Environmental Factors
on the Cycling Behavior of Bicycle-Sharing Users. Sustainability. 9 (6), 1060. Available
from: doi:10.3390/su9061060.

Sunstein, C.R. & Thaler, R.H. (2009) Nudge: Improving Decisions About Health, Wealth and
Happiness. London, Penguin.

Swedish Government Statistics Office (2014) Statistics Sweden. 2014. Statistiska Centralbyran.
Available from: http://www.scb.se/en/ [Accessed: 31 January 2020 .

Swedish Transport Agency (2020) Road - transportstyrelsen.se. 2020. Available from:
https://www.transportstyrelsen.se/en/road/ [Accessed: 10 March 2020 .

Swedish Transport Board (2012) STRADA Statistikrapport. Sammanfattning: Olyckor. 2012.
Available from: http://www.transportstyrelsen.se/strada [Accessed: 2 February 2017 .

Thigpen, C.G. (2014) Using a Stages of Change Approach to Explore Opportunities for Increasing
Bicycle Commuting. M.S. Ann Arbor, United States. Available from:
http://search.proquest.com/docview/1665584479 /abstract/2A0AE95CD7E2438BPQ/
1?accountid=14511 [Accessed: 6 July 2020 .

Thigpen, C.G., Driller, B.K. & Handy, S.L. (2015) Using a stages of change approach to explore
opportunities for increasing bicycle commuting. Transportation Research Part D:
Transport and Environment. 39, 44-55. Available from: doi:10.1016/j.trd.2015.05.005.

Thggersen, J. (2006) Norms for environmentally responsible behaviour: An extended taxonomy.
Journal of Environmental Psychology. 26 (4), 247-261. Available from:
doi:10.1016/j.jenvp.2006.09.004.

Titze, S., Stronegger, W.]., Janschitz, S. & Oja, P. (2008) Association of built-environment, social-
environment and personal factors with bicycling as a mode of transportation among
Austrian city dwellers. Preventive Medicine. 47 (3), 252-259. Available from:
doi:10.1016/j.ypmed.2008.02.019.

Transport for London (2015) Travel in London. Report 8. 2015. Available from:
http://www.tfl.gov.uk/assets/downloads/corporate/travel-in-london-report-number-
1.pdf [Accessed: 29 November 2020 .

UCLA: Statistical Consulting Group (2020) Multinomial Logistic Regression. 2020. Available from:
https://stats.idre.ucla.edu/stata/output/multinomial-logistic-regression/ [Accessed: 16
January 2020 .

174



Urry, J. (2007) Mobilities. Cambridge, UK, Polity.

Utts, J. (2013) Random Effects Models. Available from: https://www.ics.uci.edu/~jutts/201-
F13/Lectures17and18.pdf.

Van Cauwenberg, |., Clarys, P., De Bourdeaudhuij, 1., Ghekiere, A., et al. (2018) Environmental
influences on older adults’ transportation cycling experiences: A study using bike-along
interviews. Landscape and Urban Planning. 169, 37-46. Available from:
doi:10.1016/j.landurbplan.2017.08.003.

Van Cauwenberg, ]J., Clarys, P, De Bourdeaudhuij, I, Van Holle, V., et al. (2012) Physical
environmental factors related to walking and cycling in older adults: the Belgian aging
studies. BMC Public Health. 12 (1), 142. Available from: doi:10.1186/1471-2458-12-142.

Velicer, W.F.,, Norman, G.J., Fava, J.L. & Prochaska, ].0. (1999) Testing 40 predictions from the
transtheoretical model. Addictive Behaviors. 24 (4), 455-469. Available from:
doi:10.1016/S0306-4603(98)00100-2.

Viechtbauer, W. (2017) metafor: Meta-Analysis Package for R. Available from: https://CRAN.R-
project.org/package=metafor.

Walta, L. (2018) On the methodologies and transferability of bicycle research: A perspective from
outside academia. Journal of Transport and Land Use. 11 (1). Available from:
d0i:10.5198/jtlu.2018.1458 [Accessed: 5 January 2019 .

Wang, H. & Yang, Y. (2019) Neighbourhood walkability: A review and bibliometric analysis. Cities.
93, 43-61. Available from: doi:10.1016/j.cities.2019.04.015.

Wardman, M., Tight, M. & Page, M. (2007) Factors influencing the propensity to cycle to work.
Transportation Research Part A: Policy and Practice. 41 (4), 339-350. Available from:
doi:10.1016/j.tra.2006.09.011.

Webb, T.L. & Sheeran, P. (2006) Does changing behavioral intentions engender behavior change?
A meta-analysis of the experimental evidence. Psychological Bulletin. 132 (2), 249-268.
Available from: doi:10.1037/0033-2909.132.2.249.

Weinstein, N.D., Rothman, A.J. & Sutton, S.R. (1998) Stage theories of health behavior: Conceptual
and methodological issues. Health Psychology. 17 (3), 290-299. Available from:
doi:10.1037/0278-6133.17.3.290.

Weinstein, N.D. & Sandman, P.M. (2008) The precaution adoption process model and its
application. In: Health behaviour and health education. 4th Edition. pp. 123-147.

West, R. (2005) Time for a change: putting the Transtheoretical (Stages of Change) Model to rest.
Addiction. 100 (8), 1036-1039. Available from: do0i:10.1111/j.1360-0443.2005.01139.x.

WHO (2019) Global Physical Activity Surveillance. 2019. WHO. Available from:
http://www.who.int/ncds/surveillance/steps/GPAQ/en/ [Accessed: 26 January 2019 .

Willis, D.P.,, Manaugh, K. & El-Geneidy, A. (2015) Cycling Under Influence: Summarizing the
Influence of Perceptions, Attitudes, Habits, and Social Environments on Cycling for
Transportation. International Journal of Sustainable Transportation. 9 (8), 565-579.
Available from: doi:10.1080/15568318.2013.827285.

175



Winters, M., Brauer, M., Setton, E.M. & Teschke, K. (2013) Mapping Bikeability: A Spatial Tool to
Support Sustainable Travel. Environment and Planning B: Planning and Design. 40 (5),
865-883. Available from: doi:10.1068/b38185.

Winters, M., Davidson, G., Kao, D. & Teschke, K. (2011) Motivators and deterrents of bicycling:
comparing influences on decisions to ride. Transportation. 38 (1), 153-168. Available
from: doi:10.1007/s11116-010-9284-y.

World Health Organization (2020) WHO guidelines on physical activity and sedentary behaviour.
Available from:
https://apps.who.int/iris/bitstream/handle /10665/336656/9789240015128-eng.pdf.

Yu, C.-Y. & Lin, H.-C. (2015) Transit-Related Walking to Work in Promoting Physical Activity.
Journal of Physical Activity & Health. 12 (4), 483-489. Available from:
doi:10.1123/jpah.2013-0342.

Zirich, K. & Amt, S. (2013) Statistisches Jahrbuch des Kantons Ziirich 2013. Ziirich.

Zurich Statistical Office (2014) Zurich Statistical Office. 2014. Available from:
https://statistik.zh.ch/internet/justiz_inneres/statistik/de/home.html [Accessed: 31
January 2019 .

176



APPENDIX: ACADEMIC ACTIVITIES

Internships

[ have already undertaken two stages in CREAL, Barcelona (also partners of the PASTA project):

1. for 5 weeks from mid-February 2014 to end of April 2014. In that stage, I learned about
the methodology used to exploit the data of a previous project (TAPAS) in terms of
practical statistical analysis and theoretical geographic analysis.

2. For 5 weeks from mid-July to end of August 2015. In this stage I trained in clinical protocol

- the Health Add-on - of the PASTA project, to be able to deliver it back in London.
Training

Internal training (from the Graduate School and the Centre for Academic English at Imperial

College London):

e Regression modelling (February 2014)

e Research Skills Development Course (June 2014)

e Stress management (September 2014)

e Assertiveness (October 2014)

e Time management (October 2014)

e Introduction to Teaching & Learning for Doctoral Students & GTAs (February 2015)

o Assessment & Feedback for Doctoral Research Students & GTAs (February 2015)

e Preparing for Leadership (April 2015)

o Effective Public Engagement (May 2015)

o Efficient Reading (May 2015)

e Negotiation Skills for Researchers (June 2015)

e Project Management for Researchers (July 2015)

e Understanding Yourself & Others 1: Intro to the Myers-Briggs Personality Model (October
2015)

e Practical Guidance for your Application for AFHEA (November 2015)

o “Writing a Research Paper” course from the Centre for Academic English with 8 sessions

of two hours each from 28th Apr to 16 Jun 2015.
External training:

e GIS for Transport Applications workshop (GIS4TA), 16t and 17t November 2017,

University of Leeds.
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e ESRC Impact Evaluation Training Course (7-8 June 2016) at the University of Cambridge.
e R for the analytical and environmental sciences: introductory workshop, 14t June 2016,
MRC-PHE Researchers Society.
e Computing: Introduction to R-Programming - 4th-5th May 2016, Imperial College London
o Rfor the Analytical and Environmental Sciences: Intro to Graphics, 21st September 2016,
MRC-PHE Researchers Society.
o Two Executive courses from the ‘Global Challenges in Transport’ Programme at the
Transport Studies Unit of the University of Oxford:
o ‘New Technologies and Changing Behaviours’ from 17th - 20th March 2015.
o 'Governance, Policy and Delivery' 30th June - 3rd July 2015.
e Understanding Society: Training course for transport analysts, 29th and the 30th of April

2014, University of Essex.

Presentations

Below, a list of presentations (either oral or posters) in various conferences, symposiums and

seminars that I have done so far:

e (Co-organizer, presenter and chair in the Cycling and Society Virtual Symposium 2020.

e BRT+ Webinar Series: Adapting City’s Mobility System after Covid-19. Session 1: Active
Transport. “Barcelona’s active mobility Covid-19 response” Video here. 10t June 2020.

e (Co-organizer and chair in the Cycling and Society Symposium 2019 at the University of
Chester (UK).

o Royal Geographical Society Annual Conference 2019, London. Oral presentation “The
dark side of bike-sharing: Assessment of existing and discontinued station-based and
floating bike-sharing schemes in Spain”.

e (Co-organizer and chair in the Cycling and Society Symposium 2018 at the University of
the West of England (UK).

e Co-chair of the following sessions in the Royal Geographical Society Annual Conference
2018:
o Critical perspectives on accessibility and equity in the changing cycling landscape
(1): Bikesharing
o Critical perspectives on accessibility and equity in the changing cycling landscape
(2)
o Changing landscapes for evaluating the accessibility, equity and inclusivity of
transport and mobility (1): concepts, metrics and applications across different

mobility practices
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o Changing landscapes for evaluating the accessibility, equity and inclusivity of
transport and mobility (2): the specificities of cycling

e Latin American Studies Association Congress 2018, 23rd-26th May, Barcelona, Spain. Oral
presentation.

e XV edition of the Iberian Congress “The Bicycle and the City” 2018, 16th- 20th May,
Valencia, Spain. Chair of one session and two oral presentations.

e Royal Geographical Society Annual Conference 2017, August 2017, two oral
presentations.

e International Conference on Transport and Health, 27th-29th June, Barcelona. Poster.

e “La Ciudad de las Bicis” (City of bicycles), 27-30 April 2017, Zaragoza. Content co-
organizer for the theme of “Cycling cities”, Chair of the opening session about Cycling
Regulations and co-ordinator and presenter of the conference conclusions.

e International Society for Environmental Epidemiology (ISEE) 2016, 1st-4th September,
Rome, Italy.

e Non-Communicable Disease Forum: Transport Systems and Health, Imperial College
London, 17 December 2015. Oral presentation.

e MRC-PHE Centre for Environment and Health’s Training Programme Annual Meeting.
Imperial College London, 13th November 2015. Poster presentation.

e LSHTM Transport & Health Group Seminar. London School of Hygiene and Tropical
Medicine (LSHTM), 2nd November 2015. Oral presentation.

e Making London Nature Smart Symposium. 24th September 2015. Zoological Society of
London. Poster presentation.

e 14th International Conference on Travel Behaviour Research. Windsor, 19-23 July 2015.
Co-chair and oral presentation in a workshop “Active travel and physical activity -
bridging the gap”.

e 1st AIBR (Network of Iberoamerican Anthropologists) International Conference of
Anthropology. Madrid, 7-10 July 2015. Oral presentation. From this conference, the
opportunity of publishing a paper in a special number of the journal Revista de
Antropologia Experimental.

e CEP PhD Research Symposium 2014 with a poster (June 2014) and in 2015 with a

presentation (June 2015).
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Other publications in the timescale of the PhD thesis:

Anaya-Boig, E. ‘Integrated Cycling Policy. A Framework Proposal for a Research-Based
Cycling Policy Innovation’. In Cycling Societies: Innovations, Inequalities and Governance,
edited by Dennis Zuev, Katerina Psarikidou, and Cosmin Popan, 296. Routledge Studies in
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e Anaya-Boig, E. ‘Cycling Policies’. In International Encyclopedia of Transportation, edited
by Roger Vickerman and Maria Attard, 1st Edition. Elsevier, 2021.
https://www.elsevier.com/books/international-encyclopedia-of-

transportation/vickerman/978-0-08-102671-7

e Anaya Boig, E., 2018. Expert comment on Schabus, E. ‘Promoting active travel for all in
European urban regions - A review of evaluated initiatives’. In: Katherina Grafl, Heike
Bunte, Katrin Dziekan, Holger Haubold, et al. (eds.). Framing the Third Cycling Century.
Bridging the gap between research and practice. German Environment Agency and
European Cyclists Federation. Available from:
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Teaching

e Professional Effectiveness Student Programme Leader (Student Shapers), Graduate
School, Imperial College London, June 2019-September 2020.

e Invited teacher in the master’s programme in Regional and Population Studies (UAB),
with a session on “Integrated cycle mobility planning”. November 2018.

e Administrative assistant of convenors of two options (43 students), Environmental
Resource Management and Pollution Management, of the Environmental Technology
MSc. Course of 2017-2018.

e Teacher in the Geographic Information Systems Module of the Environmental Resource
Management option of the Environmental Technology MSc. Course of 2017-2018.

e Assistant convenor and teacher at the Imperial College Biological Science BSc students for
the Year 2 Resource Management Course 2017-2018 (32 students).

o PhD students’ representative, Centre for Environmental Policy, Imperial College London.
Course 2016-2017. Awarded the best postgraduate representative team by the Imperial
College Union.

e Demonstrator of Statistics for the Environmental Technology MSc Students since 2015.
Co-ordinator of the team of demonstrators for the course 2016-2017.

o Co-tutor of master’s students’ assignments and dissertations in the Environmental
Technology MSc at Imperial College London. Courses 2013-14, 2014-15, 2015-16.

Editorial activities

e Member of the editorial board of the Active Travel Studies journal.

e Guest Co-editor of the Special Issue “Critical perspectives on bicycle-sharing schemes
across the globe”, Transport Research Part A: Policy and Practice.

e Guest Co-editor of the Special Issue “Geographies of bike-sharing and emerging forms of
shared micro-mobility”, Journal of Transport Geography.
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Abstract and paper reviewer

Reviewer of Academic Journals, most of them recorded in this Publons profile, and

including Transport Research A, Case studies on Transport Policy, Transport Policy,

Journal of Maps, Journal of Transport and Health, Research in Transportation Business &

Management, Journal of Transport Geography, Proceedings of the Institution of Civil

Engineers Journal Municipal Engineer

Coordination of abstract review of the Cycling and Society Symposium, 2017-2020. Local

organiser of 2017 Symposium at Imperial College London with 65 attendees.

Academic networks

Member of the Royal Geographical Society (UK), Transport Geography Research Group.

Since 2017. Membership Secretary from 2020.

Member of the Transport Planning Society (UK). Since 2018.

Member of the Athena-Swan committee at the Centre for Environmental Policy, Imperial
College London, since 2018.

Member of the Women, Equity and Research Committee of the Society of Spanish
Researchers in the UK (SRUK-CERU), since 2017.

Member of the Support Committee for the Cycling and Society Research Group. Since

2016.

Member of the Scientists for Cycling network (European Cyclists Federation), since 2010.
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