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Abstract

Active transportation, such as walking and cycling, are typically considered the first and
last mile options for people who live close to transit corridors or transit hubs. Compared to
walking, cycling allows faster travel and longer trip distances can help to increase transit
catchment area. Bicycle-transit integration has been discussed by many researchers around the
world, and it has become a popular topic alongside the movements to reduce carbon emissions.
This thesis aims to understand what conditions are necessary for existing LRT riders to use or
will be encouraged to use bicycles as a feeder mode to access or egress from the LRT stations,
specifically the role of bicycle infrastructure by using the City of Kitchener and the City of
Waterloo (KW) as a case study. Studies showed that bicycle infrastructure plays a crucial role in
promoting bike-transit integration by providing convenient, fast, and safe access and egress
stages during a trip within public transportation. However, a review of the literature identified
three gaps where existing LRT-related literature has mostly focused on large cities and rarely on
mid-size cities like KW. Minimal research has been conducted on bicycle infrastructure in a mid-
sized city context. In addition, most bicycle-transit integration studies have focused on bicycle—
commuter rail or bicycle-metro subjects, with less discussion of LRT. A better understanding of
bicycle—LRT integration in mid-sized cities is needed.

The thesis study used a quantitative approach in which the researcher designed and
distributed online web-based surveys via social media and collected the data during the COVID-
19 pandemic, where physical distancing rules and restrictions on face-to-face research was
prohibited. The analysis results showed a great potential for promoting bicycle—LRT integration
from the participants’ feedbacks. Separated bike lanes and on-street painted bicycle lanes were
the most important aspects of promoting such actions, along with bicycle parking at LRT
stations, cycling network connectivity, designated signages and traffic lights. The study’s
regression analysis showed that the more important the participants thought that bicycle
infrastructure elements affected their decisions to use bicycles as a feeder mode to access or
egress LRT stations, the more likely they were to use bicycles, if these bicycle infrastructures
satisfied their needs. The overall results are consistent with previous studies examining bicycle
infrastructure importance in encouraging people to cycle. The lack of bicycle infrastructures,
such bike share, separated bicycle lanes, designated signage, and parking at the current stage,
were cited as reasons that discourage people from using bicycles.

Transit accessibility in cities is a topical and urgent issue. Municipal planners should
fully embrace denser, mixed-use growth that will support more active and public transportation
and transit-oriented developments along the LRT corridor. Planners should play multiple roles in
such projects by fulfilling professional duties, providing advice, and advocating for projects that
support bicycle-LRT integration. In addition, planners should ensure people with lower-income
and minority groups’ accessibility of the bicycle and bicycle infrastructure to ensure accessibility
equity.



Acknowledgements

I would like to sincerely thank the following people who have helped me in completing

my thesis, and who have supported me throughout my time at the University of Waterloo.

The School of Planning faculty at the University of Waterloo, especially my supervisor
Dr. Joe Qian, whose knowledge and insights were instrumental in helping me compose, conduct,
and communicate this research. Thank you for your help and guidance throughout the research
and writing this thesis. I’d like to thank the rest of my thesis committee — my committee
member, Dr. Brian Doucet, for his literature suggestions, and in helping me better situate my
research within bicycle transit study. As well, thank you to my reader Dr. Clarence Woudsma for
his expertise in transportation research, modelling, and planning. A big thank you to my
classmates in the School of Planning, it has been fun and enjoyable by meeting and working with

so many talented and passionate people looking to make positive change in the planning field.

Next, | would like to thank those who have helped me during the research and thesis
writing process. Special thank you to those that | had regular virtual writing groups with —
Candice Yixin Chen, Alison Curtis, Aaron Shantz, Emily Stanley, Hanna Holman, Theresa
O’Neill, and Mishaal Rizwan. You have all made thesis research and writing during COVID-19
a little bit brighter, productive, and fun! I am thankful for them for helping me prepare for my

thesis defence.

Lastly, | owe an enormous thank you to my family and non-graduate school loved ones.
It has meant the world to me having friends who were so supportive and encouraging of me and
the projects | have been part of these last three years. Thank you for encouraging me and being a
joy to spend time with. To my mother Lilan Yang, and my father Gang Lin, thank you from the
bottom of my heart for being so supportive of my graduate school journey. I really miss both of
you and | cannot wait to see you again after the pandemic. Also, most importantly, to my dearest
friends Claude Chen, Lizzy Cheng, Siyin Fan, Sherry Liu, Erica Pierson, Jared Romanowich,
Kenny Ruan, Yvonne Watt, Rachel White, and Bingtao Zhong, thank you all for the mental

supports during this difficult time.



Table of Contents

AUTHOR’S DECLARATION ....ooiiiiiiiiii ittt saae e s s nnbna e e s nnnneaeean I
ADSTFACT. ...ttt bbbt ii
ACKNOWIBAGEMENTS ...ttt te et et e st e e beeneesreeneeenes iv
I TS Ao 1o [N TSSOSO X
LISE OF TADIES ... et Xi
LISt OF ADDIEVIATIONS ... et xii
Chapter 1: INTrOTUCTION ......c.oiiiiiiiieee bbb b 1
1.1 General Background: Cycling and Light Rail Transit Trends..........c.ccooeveieiencnencnenenn. 1
1.1.1Increasing CYCHNG TrENGS .....ccuviviiieiieee ettt nre e 1
IO I T | oL - T =V ] | RSP 2
1.1.3 Bicycle—Transit Integration Programs ............cccceeveeiieieieeieeiee e 3
1.0.4 LOCAI CONIEXL ...ttt bbbttt bbbt 4

1.2 Research PUrpose and ODJECTIVES .......cc.oiviiiiiiiiiiieeee e 5
1.3 Planning Implications and Study SignifiCanCe ...........coeieriiiiiiiniseeeee s 7
1.4 TRESIS STIUCTUIE ...ttt bbbt 8
Chapter 2: LITErature REVIEW..........coiiiiiie ettt ettt ta e nne e 10
2.1 Rail Passenger Feeder Mode ChOICE .......cceeiiieiiiiiii s 10
2.1.1 General Factors 0n Mode CROICES..........coeiiiiiiiieieie e 10
2.1.2 Mid-sized Cities Transportation Mode ChOICES ..........ccceieriiirininieee e 12



2.1.3 Behaviours and Attitude Toward Transportation Mode Choices ..........cccccvevverieennene. 13

2.1.4 City Rail Transit Feeder Mode ChOICES..........cuevveieiieiiee e 15
2. 1.5 WEBALNET ...t bbb 17
2.2 BICYCIE INFIaSTIUCIUIE. ...t 19
2.2.1 Barriers to Increasing CyCliNg USE .......c.cooiiiiiiiiiieeee e 19
2.2.2 EQUILY IMALEEIS ... .eeeeiceiecieee ettt et e re e e ra e neenbeaneenreenneenne e 20
2.2.3 Preferences for Bicycle INfrastruCture ..........cccvevveeiecce e 22
2.2 4 BIKE SNAIE ... 25
2.3 BicyCle—Transit INTEgratioNS..........ccueieierieriesieie e 28
2.3.1 The “First/Last Mile” Problem among Transit USErS ...........cccocveririvineeiiniicsecnennenn 28
2.3.2 Bicycle Integration with Rail Transit..........ccccceviiiiiiiiie e 31
2.3.3 SUCCESSTUI INTEGIAtION ......c.viieieiie et 32
2.4 Transportation Research Methods .........c.coveiviiiiiicece e 33
2.4.1 Surveys’ Benefits and LIMITAtIONS.........ccccviiiiiiiiieic e 33
2.4.2 Stated-PreferenCe SUMNVEYS ...t 35
2.4.3 Aggregate and Disaggregate MOGEIS.........c.cooiiiiiiiiiiei e 35
2.4.4 Discrete ChoiCe MOTEIS..........coviiiiec e 36
2.4.5 The Binary LOgit MOEl .........coviiiiiice e 37
2.5 Research Gaps and Aims of the CUrrent STUAY .........cccveiiieiieiiieiie e 38
2.6 CONCIUSIONS ...ttt bbb bbbt e et bbb b s 39

Vi



Chapter 3: MethodOlOgY ........cviiieiieeie et esre e 43

3L OVEIVIBW ...ttt bbbt b e bbb bbbt et b e nn et 43
3.2 Research Purpose and Theoretical APProach ..........coceeieiiieniiiiisieeeeeee s 43
3.2.1 Research Purpose and OBJECHIVES .........ccoeiiiiiiiieicee e 43
3.2.2 TheoretiCal APPrOACI. .........coiiiiiieiee e 43
TR S 1110 | A (- NSRS 44
3.3.1 Public Transportation in Kitchener—Waterloo .............ccccoeiviiieic e 45
3.3.2 Bicycle Infrastructure in Kitchener—Waterloo.............ccceevviieiieie e 46
3.3.3 Regional and Municipal POlICIES REVIEW ..........ccccviiiiiiiiiie e 47
3.4 SUIVEY DEVEIOPIMENL. ...t 50
3.4.1 Introduction and Survey DevelopmeNt ..........ccccoveieiieiieie e 50
342 SUIVEY DBSION ...ttt ettt e et e s he e sbe et e saa e s beebesneesreenreenee e 51
3.4.3 Data COIBCION ... bbbt 53
3.4.4 Potential SEIECTION BIaAS .......c.eiiiiiieieie i 54
3.5 Incentivization RECIUITMENT SIALEQY .....ccververeririiiieieeee e 54
3.6 DALA ANAIYSIS ...t 56
3.6.1 DESCIIPLIVE ANAIYSIS ....veeiieiiie ettt 56
3.6.2 ReQreSSION ANGIYSIS......cciuiiiiiiiie ittt 57
3.6.3 Variable Selection and Model Calibration in Logistic Regression............c.cccccvevueane. 63
Chapter 4: ReSearch FINAINGS ......cvoiiiiieieieiee et 65

vii



4.1 Descriptive Statistical ANAIYSIS .......c.coveiiiieiice e 65

4.1.1 Participants’ Sociodemographic CharacteriStiCS.......cuvriuirriirieiiiiiesiiiesiiee e ssiree e 65
4.1.2 Participants’ Intercity Travel Behaviour...........cccoiiiiiiiiiiiiiicc e 67
4.1.3 Bicycle Ownership and Frequency 0f USE........cccooiiiiiiiiiiiiicieeeeeee e 75
4.1.4 Bicycle Infrastructure and Attitudes towards BICYCIES............ccoovevieiiieiineniiie 77

4.2 Potential Future Use of Bicycles as a Feeder Mode of Transportation to Access Light Rail

THANSIE STALIONS ...ttt bbbt b ettt nb e e e 80
4.3 Binary Logit Regression ANAIYSIS ........cciiieiieieiie it 87
4.3.1 Binary Logistic Modelling Calibration.............ccccocveviiieiiiic i 87
4.3.2 Results of the First Binary Logit Model ...........coooeiiiiiiiiiee e 89
4.3.3 Backward Method IMpPIICALIONS ...........coiiiiiiiiieee e 92

(O gF=T o] (] g B T ol U1 (o] o SRS PRPSTORN 94
T8 A T o [T T OSSPSR 94

5.1.1 Key Findings on Participating Current Riders’ Sociodemographic Characteristics.... 94

5.1.2 Bicycle OWnership and FrEQUENCY ......ccooeiiriiiiieieie e 95
5.1.3 Attitudes and Preferences for Bicycle INfrastructure............ccocoovvvvinieneiescncneeen 96
5.1.4 Future Use of Bicycles as a Feeder Mode of Transportation.............cccceeevenereniennnn 97
5.2 Additional IMPHCALIONS ........coivieiieciec et e e raeene e 99
5.2. 1 LEIMITATIONS ...ttt bbbttt 99
5.3 FULUIE STUAIES ...ttt an e ene s 101



Chapter 6: Conclusion and Recommendations...........cccceiviieieeieiie s 103

6.1 CONCIUSION ...t n et b e 103
6.2 Policy and Practice ReCOMMENALIONS...........coiiiiiiieieieie e 105
6.2.1 Bicycle Infrastructure Implementation ..o 105
6.2.2 Transit Map Integration and Bike Share EXPanSion ...........c.ccocvvveieieiencnencnenenn 106
6.2.3 Weather and Bicycle Infrastructure Maintenance............cccocvvvveieeieiiiese e sieseeiens 107
6.2.4 Implementations for other Mid-Size CitIeS ........c.ccoveveiiieiecicce e 108
6.2.5 COVID-19 IMPACES ......eeiiiiiiiieiie ettt nneas 110
RETEIENCES ...ttt bbbttt et nb bbb 111
APPENAIX A L.ttt E b bR Rttt b bbb nre s 148
AppendiX B—SUrvey QUESTIONS ........c.cciveiiiiieiieii ettt ste e ste e st ba e te e e eas 150
Appendix C—Recruitment MaterialS...........cccoooiiiiieiicccce e 159



List of Figures

Figure 2.1 Supply components of bicycle-transit integration............ccccoccvieiieve v 33

Figure 3.1 ION Light Rail Transit route in the City of Kitchener and the City of Waterloo ....... 46

Figure 4.1 Participants’ primary purpose in using light rail transit SEervices ............ccccevvvervennnnn. 68
Figure 4.2 Frequency of participants’ light rail transit USage .........ceevveriviriiiieiiiiies e siiie e 69
Figure 4.3 Distance between participants’ homes and light rail transit stations.............cccevvveenne 75

Figure 4.4 Participants’ household incomes and attitudes towards designated bicycle signage and
TrATFIC SIGNAIS....c.eeeee e e nre e 79
Figure 4.5 Reasons for participants’ discouragement from using bicycles to access light rail
TrANSIE STALIONS ... e 81
Figure 4.6 Reasons for participants’ encouragement to use bicycles to access light rail transit
SEATIONS ...t 82
Figure 4.7 Cross-tabulation: participants’ bicycle ownership and reasons discouraging bicycle
use to access light rail transit StAtIONS............ccoiieiiiieiie e 83

Figure 4.8 Participants’ willingness to use bicycles as a feeder mode of transportation in the

FUBUTE L. 85
Figure A.1. Participants’ household income by bike-share availability (p < 0.01) .......c.ccevneee 148
Figure A.2. Participants’ household income by secure bicycle parking (p < 0.01)........ccceeneee 148

Figure A.3. Participants’ household income by attitude to bicycle repair stations (p < 0.01).... 149



List of Tables

Table 3.1, LIKErt SCAlE SCOINQ ......ccveiieeieiieiie ettt re e e te e s esreeneanee e 56
Table 3.2: Descriptions of dependent variables (Y) and independent variables (X) ..................... 57
Table 4.1. Participants’ sociodemographic characteriStiCs ........oivvvieiirerriieniiieen e siee e sinee s 66
Table 4.2 Proportion of each access and gress MOAE..........ccvviveiverieiie i 70
Table 4.3 Cross-tabulation of participants’ light rail transit station access and egress ................ 71
Table 4.4. Light rail transit access modes by participants’ sociodemographic characteristics..... 73

Table 4.5. Selected sociodemographic data and participants’ bicycle ownership cross-tabulation

....................................................................................................................................................... 76
Table 4.6. Participants’ frequency of bicycle uses for different purposes..........ccceceveveiieiinnnnens 77
Table 4.7. Mean scores for participants’ attitudes towards bicycle infrastructure ....................... 78
Table 4.8 Participants’ reasons encouraging bicycle use to access light rail transit stations by
DICYCIE OWNEISNIP STALUS ... .eouviieiciiecie ettt re e be e be s s e sreeteeneesreeeeas 84
Table 4.9 Participants’ potential future use of bicycles as a feeder mode of transportation to
access or egress LRT stations and the reasons encouraging this USE...........c.ccccevvveveiieieeciecneene. 85
Table 4.10 Binary logit model calibration ............cccviieiieiicicccce e 89
Table 4.11 Results of the First Binary Logit Model ..............cccooiiiiiiiii e 91
Table 4.12 Binary logit model results using backward method.............c.ccccoeiiiiiicie i, 93

Xi



List of Abbreviations

CBD-Central Business District

GTHA-Greater Toronto and Hamilton Area
KW-The City of Kitchener and the City of Waterloo
LRT-Light Rail Transit

TOD-Transit Oriented Development

TPB-The Theory of Planned Behaviour

Xii



Chapter 1: Introduction

1.1 General Background: Cycling and Light Rail Transit Trends

1.1.1 Increasing Cycling Trends

Active modes of transportation, such as walking and cycling, are typically considered as the first-
and last-mile options for people who live close to a transit corridor or a transit hub. Active
transportation benefits people’s health, society, transportation systems, the environment, and
economies (Ritchie & Hall, 1999; Blondiau et al., 2016; Deenihan & Caulfield, 2014; Pucher et
al. 2010). Moreover, active transportation allows people to be regularly physically active, and
simultaneously protects the environment. In 2013-2014, about 12 million Canadians aged 12 or
older (41%) reported that they had cycled in the previous year (Statistics Canada, 2017). Cycling
has become a popular activity in Ontario in recent years (Government of Ontario, 2013; the

Centre for Active Transportation, 2019).

Compared to walking, cycling allows for faster travel and longer trip distances, and it may be a
more desirable mode of transportation than car trips (Lumsdon, 2000). Cycling has become a
fast-growing transportation method because it promotes healthy lifestyles without carbon
emissions (Lumsdon, 2000; Bussiére et al., 2010). European cities—such as Copenhagen,
Seville, and Amsterdam—provide convenient access to bicycle infrastructures, including bicycle
lanes, bike-share programs, and bicycle parking, to promote cycling as an alternative to
automobile transportation (Marqués et al. 2015; Gdssling, 2013; Nello-Deakin & Nikolaeva,
2020). Traffic congestion has become a major issue in many cities during morning and afternoon
peak hours, when many cars move slowly along roads, creating additional carbon emissions and

a negative impact on pedestrians (Zhang & Batterman, 2013).



Today, more than half of the world’s population lives in urban areas, and this proportion is
expected to increase to almost 70% by 2050 (United Nations, 2018). To keep cities healthy and
livable, the modes of transportation that move the most people with the least pollution should be
encouraged. Transportation accounts for more than 60% of the Waterloo Region’s total
greenhouse gas emissions (Region of Waterloo, 2019). Cycling will help to save the local
government money in the long run by decreasing obesity and diabetes levels, and lower mortality
rates (Deenihan & Caulfield, 2014; Pucher et al., 2010). Shifting commuters from cars to
sustainable, active forms of transportation can address road congestion issues by reducing
pollution and benefitting populations’ socioeconomic conditions and health. Cycling can also
help to promote positive mental well-being (Heech et al., 2015), which can help people with
psychological deposition. Therefore, creating an urban built environment that encourages people

to walk and cycle is the key to lowering emissions and creating healthy, livable cities.

Travel time—especially for commuters—is one of the most critical determinants of transport
mode choices, and it is balanced against costs, comfort, and safety (Tyrinopoulos et al., 2013).
Tyrinopoulos et al. (2013) stated that for trips of 5 kilometres or less in urban areas, cycling
rivals with car travel times. Combining the advantages of cycling with the speed of light rail
helps create seamless door-to-door journeys that can strategically rival driving’s speed and door-
to-door convenience. Therefore, the combination of bicycle and light-rail travel offers the
potential to shift people from automobiles to a more sustainable form of transportation, as well as

the least amount of pollution.

1.1.2 Light Rail Transit
Light rail transit (LRT) is a form of passenger urban rail transit characterized by a combination

of tram and metro features. LRT is typically lightweight, generally using electric passenger rail



cars on fixed rails and running close to or alongside traffic (Cervero, 1984). It has become a
popular option in North America in recent decades in cities seeking rail transportation for which
building a subway system is not feasible (Cervero, 1984). LRT is similar to a traditional tram,
but it operates at higher capacities and speeds—and often on an exclusive right-of-way. In
general, LRT construction is cheaper than heavy rail metro or subway systems (Cervero, 1984).
For example, the C-Train in Calgary uses many common light rail techniques to keep costs low,
such as minimizing underground and elevated trackage, sharing transit malls with buses, leasing
rights of way from freight railroads, and combing LRT construction with highway expansion
(Calgary Transit, 2005). Currently, several light rail lines are under construction—or planned to
soon begin construction. In Ontario, Metrolinx is constructing projects including Line 5-
Eglinton Crosstown and Line 6-Finch West in Toronto, the Hurontario LRT in the Peel Region
(Metrolinx, 2020a; 2020b; 2020c). The City of Ottawa’s Confederation Line and Trillium Line

Stage 2 are also under construction (OC Transpo, 2020).

1.1.3 Bicycle-Transit Integration Programs

Bicycle-transit integration has been discussed by many researchers around the world, and it has
become a popular topic alongside movements to reduce carbon emissions (Krizek &
Stonebraker, 2010; Deenihan & Caulfield, 2014; Pucher et al., 2010). A study by the National
Academy of Sciences, Engineering, and Medicine (2005) collected survey responses from 56
transit agencies in Canada and the United States, finding that, as early as the 1980s, transit
agencies had reported including bicycles on their local bus systems. Buses can accommodate
bicycles in several ways, and the most common option per this survey was bicycle racks on the
front of buses. Front-mounted racks can typically carry two bicycles, and some transit agencies

offer front-mounted racks that can carry more bicycles (Toronto Transit Commission, 2020;



Mississauga Transit, 2020). Some local bus services allow passengers to bring their bicycles on
board, although sometimes with restrictions, such as only allowing this option during off-peak

hours or in designated areas (Toronto Transit Commission, 2020; Grand River Transit, 2020).

As bicycle use trends upward, many transit agencies have begun to allow bicycles to board their
rail services. Only a few urban rail systems in the United States prohibit bicycles at all times
(Loutzenheiser, 2005). Most transit agencies have only partial restrictions, such as the Toronto
Transit Commission subway and Translink SkyTrain in Vancouver, which allow bicycles on
board during off-peak hours and weekends (Toronto Transit Commission, 2020; Translink,
2020). Some other agencies allow bicycles on board at any time of day but only in a designated

area (Grand River Transit, 2020; OC Transpo, 2020).

Community characteristics play a role in local differences between bicycle-transit integration
programs, such as local transit ridership characteristics, socioeconomic backgrounds, climates,
bicycle facilities’ quality and connectivity, local government support, local bicycle advocacy
groups’ influence, transit funding, and government funding (Koglin, 2015; Bagloee et al., 2016).
Overall, providing clear signage at transit stations, safe cycling networks that lead to transit
stations, and bicycle facilities’ comfort and safety at transit stations are three important aspects

of integrating bicycles into public transportation (De Sousa et al., 2014; Zuo & Wei, 2019).

1.1.4 Local Context

The City of Kitchener and the City of Waterloo (KW) are two adjacent, lower-tier municipalities
within the Region of Waterloo in Ontario, Canada. Cycling trips for under 5 kilometres increased
by 1.2% from 2006 to 2019 (Region of Waterloo, 2019). ION Light Rail Transit (LRT) was
launched by the end of June 2019, which creates a north-south transit corridor between KW via

both city centres. Local governments have been working on creating a bicycle-friendly
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community to use bicycles as a mode of transportation while setting up plans to better integrate
the bicycle with public transit, especially the LRT. Based on the current bike infrastructure that
has been implemented by both cities, off-road bike trails have a heavier proportion compared to
on-road bicycle lanes or separated bicycle lanes. Designated cycling traffic lights and bike boxes
at intersections have only been added in the past two years. There are still many disconnections
among bicycle lanes and separated bicycle lanes that do not sufficiently create a safe cycling
network. Most of the LRT stations are not connected with bicycle lanes, or the bicycle lanes do

not lead to further destinations, which are problems that need to be addressed.

1.2 Research Purpose and Objectives

This research aims to understand what conditions are necessary for existing LRT riders to use or
will be encouraged to use bicycles as a feeder mode to access or egress from the LRT stations,
specifically the role of bicycle infrastructure using Kitchener-Waterloo as a case study. Three

research objectives guided this study in understanding this potential use:

1. Understand LRT riders’ sociodemographic backgrounds, their attitudes, and

preferences toward bike infrastructure
2. ldentify factors associated with increasing the usage of bicycles as a feeder mode

3. Use the findings to inform planning policies and implementation of bicycle

infrastructure.

Accordingly, this study developed three sets of research questions to help identify these

determinants:

1. What are current LRT riders’ attitudes toward bicycle infrastructure (e.g., bicycle lanes,

bike-shares, and bicycle parking)?



2. To what extent will the bicycle infrastructure encourage the current LRT riders to use
bicycles as a feeder mode of transportation to access or egress light rail stations?

3. What can local governments do to accommodate and encourage this usage?
To address these research questions, this study used a quantitative approach to gather and
analyze data gathered from the web-based survey. The research is aimed to understand the role
of bicycle infrastructure in encouraging LRT riders to use bicycles as feeder mode to access and
egress from LRT stations where quantitative data has a better reflection on overall statistics of
respondents’ preferences of bicycle infrastructure compared to qualitative research. The local
municipal or regional government could use the data to further conduct in-depth qualitative
research by using EngageWR website. The survey questions include asking the current LRT
riders travel behaviour, bicycle ownership and the purpose of using bicycles. Survey participants
were recruited through the social media group “I Support Light Rail Transit in the Waterloo
Region” via the Facebook Group function, which this thesis’s methodology chapter outlines.
This social media group is the largest social media group that is open for light rail transit and bus
riders in the Waterloo Region that has over 2500 members in the group. For LRT and transit
riders who are not using social media platform or do not have internet access would not be able
to participate is one limitation of this study. The data were analyzed using SPSS to conduct
frequency, cross-tabulation, and binary logit regression analyses. The study’s open-ended
question aimed to collect reasons for respondents’ future choices to use or not to use bicycles as
a feeder mode of transportation. However, the overall response rate was insufficient for content
analysis via SPSS. Additional adjustments were applied during the research period to account for
the coronavirus disease 2019 (COVID-19) pandemic and the related government restrictions on

social gatherings and physical distancing rules to contain the virus. The study’s research method



also changed due to new research restrictions posted by the University of Waterloo during the

pandemic (University of Waterloo, 2020).

1.3 Planning Implications and Study Significance

The literature outlines trends of people increasingly using bicycles as a form of transportation, as
several cities are currently constructing, extending, or considering constructing LRT lines. The
purpose of this research was to determine LRT riders’ willingness to use bicycles as a feeder
mode of transportation in the future and what bicycle infrastructure will encourage such actions.
Implementing bicycle infrastructure is part of the active transportation planning process, for
which the local government council must reach an agreement before implementing any plans.
Local active transportation plans must also follow provincial planning guidelines and local

official plans.

Physical distancing during the COVD-19 pandemic has disrupted mobility patterns all over the
world. With the stay-at-home orders, public transit reductions, and the closures of recreational
facilities in Canada, many people opted into active travel such as cycling for mobility and
physical activity. The World Health Organization guidelines for getting around during the
pandemic stated “whenever feasible, consider riding a bicycle or walking” to help with the social
distancing and promote physical activity (World Health Organization, 2020). Many Canadian
cities conduct temporary “street reallocation” policy action that help to expand the cycling
networks to support social distancing and physical activity demand. In Kitchener-Waterloo,
streets such as Westmount Road, Erb Street and others had one lane reallocated temporarily into
separated bicycle lanes and received with mixed reviews. In the light of COVID-19 pandemic,
our transportation future is facing much faster and more dramatic change than ever could have

been anticipated. With the COVID-19 vaccination rate increase in the KW, the restrictions will
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be lifted step by step, and many people will be back to their usual workplace instead of work
from home. With the bicycle ownership increased in the KW in the past year (CBC, 2020), there
is a great potential to promote the integration of bicycle and LRT. This study’s results will,
therefore, allow planning practitioners to assess the impact of the implementation of new bicycle
infrastructure in the short term and adjust their processes through future planning. The study will
also contribute to filling in the gap of the current literature as base knowledge about bicycle-LRT
integration in a mid-sized Canadian city. The knowledge about mid-size city light rail riders’
behaviour, attitudes about bicycle infrastructure and how to encourage them to use bicycles as
feeder mode will be crucial for policy design, infrastructure implementation and infrastructure

management that reduce pollution in these cities.

1.4 Thesis Structure

This thesis comprises five chapters, beginning with this introductory chapter, which discusses the
study’s general research background as well as its specific research questions and objectives.
“Chapter 2: Literature Review” synthesizes the academic literature on topics relevant to the
study, including characteristics of LRT riders’ travel behaviour, factors affecting transportation
mode choices, attitudes toward bicycle infrastructure, bicycle-transit integration, and
transportation research methods. “Chapter 3: Methodology” discusses the theoretical and
methodological approaches used in this study to gather and analyze data. This study used a
quantitative approach involving web-based surveys, and the results of the data gathered from
these surveys are described in “Chapter 4: Research Findings.” Next, the study’s findings are
discussed in “Chapter 5: Discussion,” which also includes a discussion of how these findings

addressed this study’s research purpose and objectives. Chapter 5 also outlines the limitations of



this study as well as future research opportunities. Chapter 6 provides policy and practice

recommendations for the future and concludes the thesis.



Chapter 2: Literature Review

This study’s research objectives are to understand what conditions are necessary for existing

LRT riders to use or will be encouraged to use bicycles as a feeder mode to access or egress from
the LRT stations, specifically the role of bicycle infrastructure. This chapter presents a review of
background information on the relevant literature related to this thesis. Gaps are identified in this

literature to show the necessity of conducting the current research.
This review examined four primary areas of the literature:

1. Rail passenger feeder mode choice
2. Attitudes toward bicycle infrastructure
3. Bicycle-transit integrations
4. Transportation research method
Each subsection presents research on these respective areas and identifies gaps in the existing

literature that the current study attempts to address.

2.1 Rail Passenger Feeder Mode Choice

2.1.1 General Factors on Mode Choices

Travel behaviour can be affected by various aspects, such as individual factors, costs for a
specific mode of transportation, and surrounding built environments and urban forms. Individual

socioeconomic, demographic, and psychological factors influence travel behaviour.

Many works in the literature have identified differences in travel behaviours between men and
women. For example, men tended to conduct longer trips using automobiles and active
transportation, and cycling was more common among men than women (Kim & Ulfarsson, 2008;

Gatersleben & Appleton, 2007). However, Zhou (2012) found that men were more likely to walk
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or cycle than women, although the author found no gender difference for any other modes of

transportation.

Household structures are another factor that affects travel behaviour. Kim and Ulfarsson (2008)
reported that families with children were less likely to choose to walk as a mode of transportation
than families without children. Delmelle and Delmelle (2012) found the same result, noting that
a household’s number of children negatively correlated with its probability of walking and
cycling. Psychological factors, such as attitudes toward certain modes of transportation and
social expectations regarding certain behaviours, have become increasingly important variables

that affect individual travel behaviour.

Costs are among the most important components of transportation mode choices. Cervero (2002)
stated that including competition for modes’ economic attributes—notably, travel time and price
variables—in models’ specifications is important when testing land-use factors’ influence on
travel demand. Some works in the literature have suggested that the proportion of travellers who
use cars increases rapidly when travel distances increase (Delmelle & Delmelle, 2012; Shannon
et al., 2006). Whalen et al. (2013) argued that in transportation mode choice analysis, time or
monetary costs are conceptually and practically more useful than distance when evaluating travel
costs. The researcher agreed with Whalen et al. (2013) which monetary cost is more practically
than distance when discussing about transportation mode choice. The initial cost of certain
transportation mode such as automobile and bicycles, and the potential repair cost in the future
turned to discourage many people with limited income to choose these methods although both
methods will save travel time and give the riders more flexibility compared to public

transportation.
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Built environment and urban forms also affect commuters’ transportation mode choices. Winters
et al. (2010) conducted a study on Metro Vancouver and found that the area’s built environment
significantly influenced choices to use a bicycle instead of a car. This study (Winters et al., 2010)
also found that higher intersection densities, higher population densities, and areas with more
balanced mixed land use around a point of origin lead to higher cycling use levels. By contrast,
larger commercial parking lots were found to reduce the likelihood of bicycle trips. A
commuting mode choice study on transit-oriented development (TOD) in Brisbane
(Kamruzzaman et al., 2015) found that individuals living in TOD areas were more likely to use
more sustainable modes of transpiration and less likely to use less sustainable modes of
transportation than individuals living in traditional suburbs. This study (Kamruzzaman et al.,
2015) also found that potential TODs or transit-adjacent developments (TAD) with only some
TOD neighbourhood features do not effectively motivate desired behavioural changes compared

to traditional suburbs.

2.1.2 Mid-sized Cities Transportation Mode Choices

There is a fundamental difference exist between mid-size cities and large cities in transportation
mode shares. Bunting et al. (2007) described mid-sized Canadian cities “share a few main
components: a flat-line, low-density profile; easy automotive access between dispersed activities;
depleted core areas”. Filion and Bunting (2004) stated mid-sized Canadian cities generally lack
public transportation systems (such as rail service) that are competitive with the automobile in
terms of speed and comfort. With the decline of the downtown of the mid-sized cities was
particularly detrimental to transit use. The decline in transit usage is associated with a dispersed
urban form advanced dispersion and easy of driving in the mid-size cities often insurmountable

obstacles to transit-oriented strategies when it comes to transportation planning and policies in
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mid-sized cities (Filion & Bunting, 2004). The urban from of the mid-sized Canadian cities
contributes to the decline of public transportation in most cases, most people would choose to
use automobile to navigate around the cities between dispersed activities. In the long run, a
specific preference of automobile as the preferred transportation mode will formed in people

who live in mid-sized cities.

2.1.3 Behaviours and Attitude Toward Transportation Mode Choices

Researchers have focused on commuters’ behaviours and attitudes toward transportation mode
choices. Cervero (2002) identified and tested the influence of three blocks of variables on travel
modes: (a) travel time, cost, and demographic variables; (b) attitude and lifestyle preference
variables; and (c) built-environment factors. Similarly, a later study by Zhou (2012) examined
different factors that affected mode choices among commuters and summarized these factors
under six more detailed categories: (a) individual-specific factors (e.g., socioeconomic and
demographic); (b) psychological factors (attitudes); (c) mode-specific factors (comforts); (d) trip
characteristics (e.g., costs); (e) built-environment and urban-form variables (e.g., densities and
intersections); and (f) the presence of travel demand measures (e.g., parking costs). Another
research by Asensio (2002) on transport mode choices among commuters to Barcelona’s CBD
defined an “econometric choice model” as monetary costs, travel times, waiting times and

transfer distances, access or egress distances, frequency, and density.

The theory of planned behaviour (TPB) (Ajzen, 1991) is among the most popular theories used
in many studies on commuters’ behaviour. In this model, behavioural achievements depend on
motivations (intentions) and ability (behavioural control). One person’s intention to perform or
not to perform a particular action depends first on their attitude toward the behaviour, which can

refer to the person’s perspective, including a favourable or unfavourable opinion on a specific
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question. Secondly, their intention is also affected by subjective norms, which refer to a
perceived social pressure to perform or not to perform a particular behaviour. Lastly, the
perceived behavioural control involves past experiences of the perceived ease or difficulty of
performing the behaviour. The more favourable an attitude and a subjective norm to a behaviour,
the likelier the perceived behavioural control will lead to a stronger intention to perform the

behaviour.

Ajzen (1991, p. 189) stated, “the role of beliefs in human behaviour can break into three salient
beliefs, which are behavioural beliefs that are assumed to influence attitudes toward the
behaviour; normative beliefs, which constitute the underlying determinants of subjective norms;
and control beliefs, which provide the basis for perceptions of behavioural control.” In attitude
theory, attitudes refer to the behaviour that disposes a person to behave in a certain way toward
the behaviour (Parkany et al., 2005). Parkany et al. (2005) stated that attitudes develop from the
beliefs that people hold about the object of an attitude. Moreover, attitudes are conceptualized as
positive or negative evaluations of beliefs about something that affects one’s behaviour, and they
can be categorized into cognitive, affective, and behavioural components (Nairne, 2003).
Normative beliefs concern the likelihood that an important referent individual or group approves
or disapproves of performing a given behaviour, depending on the general public’s approval or
the approval of a person’s family or close group, such as different lifestyles in urban and
suburban areas (Krizek, 2005). Human behaviour and attitudes toward certain subjects are based
on personal family background, close groups, and the society. The policies and the promotion of
certain transportation methods though different media channel will affect local human behaviour

though a long period of time.
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Control beliefs may be based on the past experience of a behaviour, and they can also be
influenced by second-hand information from an individual’s close contacts (Ajzen, 1991).
Accordingly, the literature reflects a growing interest, in particular, in studying the influence of
one or two of the factors influencing a person’s behaviour, and some studies have revealed
attitude’s sole effect on behaviour vis-a-vis commuters’ intentions to change transportation mode
choices (Hsiao & Yang, 2010; Kroesen et al., 2016;). Fu and Juan (2016) argued, however, that
although TPB identifies intention as a significant predictor of behaviours in transportation mode
uses, the use of a transportation mode could also be a habitual behaviour due to its daily
repetitiveness—which can be carried out automatically, without deliberate thinking. Although Fu
and Juan (2016) have a strong argument about habitual behaviour, the researcher believe habitual
behaviour could be changed through the overall surrounding environment changes by

implementing new infrastructure and policies by the local government.

A study by Whalen et al. (2013) on transportation mode choices among university students in
Hamilton, Ontario, suggested that a university population’s mode choices often display a higher
share of alternative modes compared to the general population for whom all modes were well
represented in the study’s analysis. This study also suggested that instead of discouraging a
behaviour, the enjoyment of active travel may facilitate the promotion of a desirable behaviour

(Whalen et al., 2013).

2.1.4 City Rail Transit Feeder Mode Choices

City rail transit includes metro or subway, light rails, and commuter rails that provide a stop-to-
stop service rather than door-to-door service that typically requires passengers to use another
form of transportation mode to access the rail station, such as walking, cycling, using public
transportation, and driving. A study by Guo et al. (2020) in Shenzhen, China, showed that
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walking was the most frequently used feeder mode, followed by bicycles and buses. Vehicle-
related crash risks discourage metro passengers from walk to/from the station but encourage
them to use bicycles and buses as feeder modes. Another study conducted by Giansoldati et al.
(2020) in Italy showed that the main feeder mode to the local train station was mainly car-based
(63.2%), followed by cycling (18.4%) and walking (9.7%); the others used either the bus or the

scooter.

As mentioned in the previous paragraph, socio-demographics will affect people’s mode choice.
Jietal. (2017) conducted a study in Nanjing, China, and concluded that female, older, and
lower-income metro commuters are less likely to use public bicycles. Chan and Farber (2019)
conducted a study in the Greater Toronto and Hamilton Area on rail transit and showed that
population density, proportion of residential land, age, automobile ownership, and median
income are some key factors in the decision of rail transit passengers’ feeder mode choices. Guo
et al. (2020) also mentioned that, for transit stations, different feeder modes usually correspond
to different distance ranges. If there are more cycling-related facilities, such as secured bike
parking and cycling lanes, it will attract more people to use bicycles as a feeder mode. However,

more car parking spaces will attract more people to use cars as a feeder mode.

LRT has gained popularity in many cities around the world, and 104 LRT systems have been
built or are currently under construction in the world as of November 2019, compared to 89 LRT
systems in 2006 (LRTA, 2019). These systems entail significantly lower capital costs than heavy
rail transit systems, and LRT appeals more to mid-size cities that need rail transit but lack a large
population and the investments necessary to support heavy rail systems (Hensher, 1999;

Parkinson & Fisher, 1996).
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The distance between LRT riders’ homes and LRT stations affects these riders’ decisions about
their feeder modes of transportation. Riders who only walk to and from a station have the
shortest travel distance, and their average travel distance is around 800 metres, according to two
studies (Kim et al., 2006; O’Sullivan & Morrall, 1996). A study by Kim et al. (2006) about LRT
riders’ travel behaviour in St. Louis, the United States, revealed that direct bus feeder systems
connecting homes with LRT stations are important and would increase the number of people
who use bus services as their feeder mode of transportation to access or egress LRT stations.
This study (Kim et al., 2006) also found that female riders who own automobiles are less likely

to use buses or walk due to safety concerns.

2.1.5 Weather

Beside the psychological effects on people’s travel behaviour, weather is also considered one of
the major factors affecting how people use different transportation mode. (Nosal & Miranda-
Moreno, 2014; Saneinejad et al., 2012; Liu et al., 2015; Zhao et al., 2018). Previous studies
suggested that cycling activities are more sensitive to adverse weather conditions compared to
automobile and public transit; however, barriers in cycle usage and promotion still exist (Liu et
al., 2015; Sabir, 2011). Zhao et al. (2018) conducted a study on bicycle—weather relations by
using big data in Seattle, United States. The study context focused on off-road trails and
protected bicycle lanes. The results of the study suggested that rainfall and snowfall have a
significant negative impact on cycling on both trail and bicycle lanes at both daily and hourly
scales across all seasons (Zhao et al., 2018). Another study conducted by Liu et al. (2015) in
Sweden showed that the impacts of weather differ in different seasons and regions, and the
findings highlight the importance of incorporating individual and regional unique anticipation

and adaptation behaviours within planning policy design and infrastructure management. The
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study (Liu et al., 2015) further concluded that snow has a strong influence on non-motorized
modes, causing shifts from cycling to walking when ground is covered with snow. On the other
hand, cycling share increases as mean temperature rises. Hong et al. (2020) conducted a study in
Glasgow, United Kingdom, and found that although safe cycling paths could encourage people

to cycle more on dry days, they saw a larger reduction in the volume of cycling on rainy days.

Nosal and Miranda-Moreno (2014) conducted a study on the effect of weather on the use of
bicycles in four North American cities, as well as on the Green Route in Quebec. They found
that temperature and humidity were positively and negatively associated with cycling.
Precipitation had a significant negative impact on cycling flows, and its effect was observed to
increase with rain intensity. Urban bicycle flows are more sensitive to weather on weekends than
on weekdays. The study by Saneinejad et al. (2012) in the City of Toronto showed that the use of
the bicycle was sensitive to temperature when the temperature was below 15 degrees.

Precipitation in the form of showers was found to affect cyclists more than pedestrians.

Although weather will impact people’s decisions on transportation modes, it is an uncontrollable
factor. By providing good infrastructure and policy measures will help to ease the negative
impacts that are created by the weather. Transit riders’ overall attitudes toward a transport mode
can be interpreted as their specific attitudes toward a transport facility’s various attributes. In
Section 2.3, many attributes increase people’s likelihood of using bicycles, such as separate
bicycle lanes, secured bicycle parking, a well-connected cycling network, and a bike share
program. De Sousa et al. (2014) studied the perceptions of barriers to the use of bicycles in three
Brazilian cities. Their study asked participants about their scale of agreement with some
statements to investigate the control beliefs about commuting by bicycle among participants. The

data then addressed TPB to determine the real obstacles to commuting by bicycle.
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2.2 Bicycle Infrastructure

2.2.1 Barriers to Increasing Cycling Use

Local cultural, demographic, and economic changes play an important role in increasing cycling
use (Assuncao-Denis & Tomalty, 2018). Car remains the most preferred mode of everyday
transportation among people (Duany, Speck, & Lydon, 2010). The dominance of car has
enormous implication for how cities were planned, built, and experience (Loukopoulos et al.
2005; Filion & Bunting, 2004), and it resulted more (re)investment in car-oriented infrastructure
and either knowingly or unintentionally discouraging other forms of transportation (Aldred &
Jungnickel, 2014). However, the culture has started to change with the increase of oil price,
growth of public transit, and culture of urbanism and sustainability influences the way in which
people travel and commute (Walks, 2014) and bicycles has become popular among people to use
as the primary transportation mode over the world (Mayers & Glover, 2019). Mayers and
Glover (2019) stated in their study that the car culture and previous bicycle branding as a
“children’s toy” or a “poor man’s” mode of transportation was still existing in the Waterloo
Region. Furthermore, the study showed that mixed cycling experience from the participants they
interviewed where some of the participants encountered hostility while cycling and talked about
their sense of fear and stress at the times when they are cycling on the roads. Mayers and Glover
(2020) conducted a second study related to cyclists’ experience on cycling in the Region of
Waterloo by using qualitative method and concluded that it is critical to invest in dedicated

cycling infrastructure, where cyclists feel safe, to encourage more participation in cycling.

Some researchers have used TPB (Ajzen, 1991) to understand cyclists’ behaviours (De Sousa et
al., 2014). However, Han et al. (2017) argued that TPB failed to consider some elements that

influence individuals’ decision-making. Moreover, the literature also identified barriers distinct
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from infrastructure that can affect people’s decisions to bicycle to a destination, such as weather
and temperature (Sears et al., 2012). Female cyclists were found to prefer some bicycle
facilities—or at least designated bicycle lanes—which made them feel safer when cycling
(Deenihan & Caulfield, 2015) since they were more likely to carry items with them on their
bicycles. Moreover, an adequate cycling network was found to help provide a fast, convenient,
easy, and comfortable experience for commuters (De Sousa et al., 2014; Marqués et al., 2015).
Additionally, a more connected cycling network was found to encourage bicycle use (Caulfield
et al., 2012). Separate bicycle lanes provide better protection for cyclists and may reduce total
crashes on a system level. However, without government policies and rapid investments in
installing separate bicycle lanes, motorists’ behavioural adaptions to such new facilities have

been found to be slow (Thompson et al., 2017; Caulfield et al., 2012).

2.2.2 Equity Matters

Although equity is often mentioned in many active transportation plans, it is usually not clear
how equity is being defined and measured, or how it will be implemented in the practice
(Battista & Manaugh, 2019; Lee et al. 2017). The study that overlooked 15 years of social-spatial
inequities in VVancouver bike lanes by Firth et al. (2017) showed that areas with more children
and areas where more Chinese people live have less access to protected bicycle lanes. On the
other hand, areas with more university-educated adults had more bicycle infrastructure. The
study that was conduced by Braun et al. (2019) in 22 American cities found that census block
groups with lower education attainment and a higher proportion of Latino residents has lower
access to bicycle lanes. The French study (Vietinghoff, 2021) in Grenoble finds that racism,
financial precarity, lack of accessible information about services, and spatial inequities may

prevent some people from cycling despite the city has advanced bicycle infrastructure and
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services. The study by McCullough et al., (2019) and Lubitow et al., (2019) also point out that
the significance of racial identity, gender discrimination and stereotyping in cycling includes
both how individuals are seen as cyclists and their experience while cycling. Literatures on
cycling and race often leads to broader social issues and concerns that extend beyond the bicycle,

assuming intersectional complexity.

In terms of cycling and access to bicycle infrastructure, there are numbers of priority populations
to consider, including lower income group, visible minority, children, and older adults. Safety
outcomes that relate to bicycle infrastructure show inequities by income and race, studies showed
that there is a higher likelihood of cyclist collisions in lower income neighborhoods (Marshall &
Ferenchak, 2017; Morency et al., 2012) and predominantly visible minority neighborhoods. The
provision of bicycle infrastructure could help address some of the inequities. However, even with
the provision of bicycle infrastructure, visible minority populations face other barriers to cycling
such as harassment, micro aggressions, and racial profiling (Agyeman, 2020). In contrast, the
study conducted by Winter et al. (2018) in Victoria and Kelowna, two mid-sized Canadian cities
showed the lower income areas have a greater access to cycling infrastructure compared to
higher income areas. Local government policies and planning are keys to the success to

overcome the inequality of accessing cycling infrastructure.

As a result, when in pursuit of designing cycling-friendly cities for all, it is imperative to monitor
inequities in access to bicycle infrastructure and support policies that reduce socio-spatial
disparities. In the White Paper that was published by the Pacific Southwest Region University
Transportation Center (McCullough et al., 2019) on making cycling equitable, the researchers

made four recommendations:
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. Extend what it means to embrace difference.

. Recognize that the streets are not equally safe for all.
. Engage with marginalized communities and share decision-making power.
. Acknowledge local and national histories of injustice.

Meaningful cycling justice investment need to tackle community concerns that go beyond
bicycle infrastructure (Golub et al., 2016). Local government should integrate recommendations
from researchers into policy and planning can lead to a greater equity in representation,
distribution of resources, and decision-making in promoting cycling. A system-wide
implementation will create the excellent impact on improving issues of equity, diversity, and
inclusion in cycling. This requires broad-scale interventions by the local government, including
some training on equity, diversity and social-inclusion, changes to funding on programs that
support these activities, changes in decision-making structures, valuing long-term community
engagement and community knowledge, broadening measure to street safety for active

transportation especially for cycling.

2.2.3 Preferences for Bicycle Infrastructure

Infrastructure plays a key role in both perceptions and realities of cyclists’ safety, and bicycle
infrastructure directly affects cycling rates. Generally, more bicycle lanes have been found to
contribute to a higher probability of cycling (Griffin & Sener, 2016; Akar & Cliford, 2009;
Duthie et al., 2010; Iseki & Tingstorm, 2014). Larson and El-Geneidy (2011) suggested that
bicycle facilities’ location within a 400-metre radius of both people’s homes and destinations
made their odds of using such facilities rise by 129%. The literature also indicated that a good

city infrastructure for cyclists can help decrease overall congestion in busy areas (Burke & Scaott,
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2018; Kalasova & Krchova, 2011). A study compared the same street before and after a separate
bicycle lane was implemented on an arterial road, which only resulted in a small delay for
motorists (Kalasova & Krchova, 2011). Another study in Winnipeg showed that integrating
priority bicycle lanes in a busy, congested area is possible; however, a specific policy must be
enforced. Obstructions on bicycle lanes, such as objects or people who occupied the bicycle
lanes, were found to cause safety issues for cyclists (Basch et al., 2018). A report published by
the Centre of Active Transportation (Verlinden et al., 2019) showed that having nearby safe
places to cycle is an important factor in people’s cycling adoption. Residents of neighbourhoods
with a higher density of bicycle lanes or a higher density of on-street cycling routes are also

more likely to take trips on bicycles (Heesch et al., 2005).

Bicycle lanes should be designed for people with different experiences in cycling. Experienced
and recreational cyclists who bicycle around a city have specific preferences that can also be
applied to new cyclists since they are most likely to fall under either the experienced or
recreational cyclist category. More experienced cyclists are more likely to select more
challenging routes; however, a lack of basic bicycle facilities was found to decrease their
likelihood of biking (Chen & Chen, 2013). The City of Vancouver constructed “All Age and
Ability” (AAA) bicycle lanes around the city, designed for people with different cycling
experience levels (City of Vancouver, 2017). Similarly, a Brisbane study showed that
government investments in bicycle infrastructure within inner city areas appear to increase
cycling activities (Heesch et al., 2015). Another study on Toronto’s Bloor Street showed that
people prefer bicycling on separate bicycle lanes. Since the Bloor Street separate bicycle lane

project was completed, the average bicycle volume increased, while the nearby Dupont Street
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and Harbord Street, which both have painted bicycle lanes, saw average bicycle volumes

decrease (City of Toronto, 2020).

Cyclists were also shown to value off-street, multi-use trails and enhanced neighbourhood
bikeways with calming features and bridge facilities, and a positive correlation was also found in
the literature between bicycle lanes and overall biking levels. Research shows that higher levels
of on-street cycling infrastructure, such as protected or separate bicycle lanes, are preferred for
general transportation—specifically for accessing transit stations—by both genders (Taylor &
Hahmassani, 1996; Dill et al. 2015; Griffin & Sener, 2016). Researchers suggested that
providing safe and exclusive bicycle parking sites at transit stations also contributes to a higher

rate of bicycle-transit trips (Krizek & Stonebraker, 2010; La Paix & Geurs 2015).

Moreover, street connectivity and cycling have also been shown to have a positive relationship
(Wang & Wen, 2017; Schoner & Levinson, 2014). A better bicycle lane network also encourages
and welcomes more people to cycling, providing benefits from different perspectives, such as
health and economic. Additionally, street connectivity for bicycle-specific infrastructure
provides a safer built environment for cyclists where car volumes or speeds are high. Continuous
bicycle paths that connect bike share stations with various destinations and transit stops have
been shown to be essential in promoting bicycle-transit integration (Zuo & Wei, 2019).
Throughout the research, the results showed that separated bicycle lanes and well-connected
cycling network are the key solutions to encourage people to start cycling, however, on the
practical side, these require years of careful planning and financial support which require the

commitments from the local municipal government.
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2.2.4 Bike Share

Bike shares or bike sharing is an on-demand transportation service that allows users to access
bicycles for a fee and then use them for point-to-point connections to local destinations (National
Academy of Sciences, Engineering, and Medicine, 2018). The bike sharing concept originated in
the Netherlands in the 1960s (National Academy of Sciences, Engineering, and Medicine, 2018).
Bike share has since evolved to become the third most-common docked and fourth most-
common dockless bike share in the past ten years. The third generation of bike shares is
Information Technology (1T)-based automated bike-shares, and the system comprises a
dedicated docking station and an 1T-based payment collections platform that requires a credit
card or other form of payment (Bike Share Toronto, 2020). These features create a financial
commitment that reduces the risk of theft and vandalism. However, the third generation of bike
share systems create some inconvenience, such as dock availability—especially during morning
peak times, when cyclists use bicycles to commute into central business districts, where a large
number of bicycles need docks to park in. Vice versa, during afternoon peak hours, when cyclists
take bicycles home, the demand for bicycles increases, creating difficulties in finding bicycles. It
requires operators to closely monitor and react quickly to identify overflows and shortages

during different periods.

Dockless bike shares (fourth generation) have built on the third-generation systems by including
demand-responsive rebalancing that system automatically informs the operation company the
location bikes are in high demand (Shaheen et al., 2014). GPS-enabled bicycles allow for even
more detailed user data collection to improve rebalance efforts and system monitoring. These

bicycles can be locked in a standard bicycle rack and in designated bike-share parking spaces
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(National Academy of Sciences, Engineering, and Medicine, 2018). Users can use smartphone

apps to locate bicycles and pay for their use.

Bike shares are a popular alternative for people who do not own a bicycle themselves. They
provide convenient access to bicycles to the general public. Cities such as Vancouver, Toronto,
and Montreal include bike-share stations near their subway or metro stations to solve passengers’
last-mile problems, so passengers are able to use bike share services to arrive to their destination.
As the previous paragraphs mentioned, bike shares can benefit high-density urban areas, where
they can serve as a feeder mode of transportation for commuters’ first and last trip miles. They
can promote cycling as a more frequent feeder option, with mobility and health benefits for
individuals and society (DeMaio & Gifford, 2004; DeMaio, 2009; Duvall & Main, 2012).
Younes et al. (2019) conducted a study in Washington, D.C metropolitan area and conclude that
with in 0.25 miles (0.4 kilometers) of a rail station and with a rail station spacing less than 3
miles (4.8 kilometers), bike share can be sued as a mechanism for low-carbon mobility to
complement transit. Ma and Knaap (2019) also conducted a study in Washington, D.C. and
suggest a collaboration between its metro and bike share to add more bike share stations within
0.25 miles (0.4 kilometers) of peripheral metro stations to increase the ridership of both systems.
Kim and Cho (2021) suggested that the relative efficiency of bikeshare compared to public
transit is highly associated with bikeshare demand and help to increase the utility of bike share

system in response to several limitations of existing public transit networks.

A study of bike share integrations in transit conducted by the National Academy of Sciences,
Engineering, and Medicine (2018) included five U.S. transportation agencies (Los Angeles,
California; Dayton, Ohio; Chicago, Illinois; Phoenix, Arizona; and Birmingham, Alabama)

included in case studies, identifying the following common best practices:
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e Bike share stations’ placement at or near transit stations or stops.

e Transit services shown on bike share service maps and bike-share services shown on

transit maps.
e Bike share co-branding as an extension of a transit agency.

e Co-marketing bike-share and transit services in marketing materials, including links to

bike-share services on transit agency websites and vice versa.

For Los Angeles and Dayton, bike share systems were noted to operate under transit agencies,
which can provide better integration through agency control over bike share operations and
flexibility in integrating supply and demand (LA Metro, 2020; Dayton RTA Link, 2020).
TransLink used the same strategies in the Greater VVancouver Area to operate a bike share within
the transit agency (TransLink, 2020). However, some common challenges were also identified

among transportation agencies in integrating bike-share systems, such as:

e Fare systems that were not integrated or different bus and bike-share fare payment

systems.
e Funding for bike share operations detracting from transit operations.
e Differing operations styles between the two modes of transportation.

In Phoenix and Birmingham, bicycle and transit integrations were found to be very limited, with
both transportation modes operating through their own organizations and did not work together
to provide integrating services for transit riders (Grid, 2020; ZYP, 2019). Further, transit
underutilization was identified as one of the challenges for bike share companies to work with a
transit agency. The author believes that integrating bike share with major transportation stations

or stops will increased the likelihood of transit riders to use bike share. The best practice of
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integrating public transportation and cycling such as TransLink in Greater Vancouver Area
should be considered by municipalities that are interested in providing bike share service in the
future by operating both under the same transit agency where information sharing has less
barriers that will help to forecast the volume and increase the overall efficiency and usage of bike
share. However, this practice will require a large capital investment at first and may not turn into
profit for the first few years. With all the benefits that bikeshare can bring to the public transit,
the author would argue that bikeshare may add financial costs towards daily transit riders. In
most Ontarian cities, transit riders only need to pay for a single fare to ride for transit and they
can transfer between different local transit routes for up to two hours one way. Frequent transit
riders usually purchase a monthly pass or weekly pass the allow unlimited access to the public
transit. Mentioned in Section 2.1.1, costs are among the most important components of
transportation mode choices. As a result, if the local government wants to integrate the bikeshare
with the public transit services, a detailed policy and financial plan should be discussed, and

consultation should be held before further implementation.

2.3 Bicycle-Transit Integrations

2.3.1 The “First/Last Mile” Problem among Transit Users

Recent research has focused on transit accessibility in transit systems across countries (Chandra
et al., 2013; Koh &Wong, 2013; Moniruzzaman & Paez, 2012). Accessibility to bus stops or
transit stations has become a barrier to some people’s use (Chandra et al., 2013). Transit
operators have used different ways to increase ridership through promotions on various media
platforms such as signs on highway. Yang et al. (2015, p. 180) stated that accessing and

egressing public transit occupy the majority of the trip time and can “lower a commuter’s
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satisfaction level” and “reduce the attractiveness of a [public transportation] system.” Providing
convenient, fast, and safe access and egress stages during a trip within public transportation can
help satisfy existing commuters’ demands and potentially attract new riders (Andersson et al.,

2012).

Much of the recent literature commonly refers to the “first/last mile problems” (Chandra et al.,
2013; Koh & Wong, 2013). The first- and last-mile problems mostly focus on how people access
a departure transit station from their trip origin point (i.e., home to a transit station) and from
their destination transit station to their trip destination (i.e., transit station to work). Since
commuters typically re-access their destination stations and take transit back to the same

originating station, this issue can also occur vice versa (Koh & Wong, 2013).

In some of the literature, researchers have identified solutions to the first- and last-mile
problems. Such solutions included using another transportation method as a feeder mode—for
example, using smaller community buses to connect riders from locations closer to their homes
to subways or metro stations. Feeder transit services in the North American context typically
serve low-density residential areas (Chandra & Quadrifoglio, 2013). They typically operate as a
“demand-responsive ... shared-ride mode” model that shuttles passengers to a major transit node
(Chandra & Quadrifoglio, 2013, p.1). Grand River Transit also provides the same type of service
in the Waterloo Region as flexible transit services to serve this neighbourhood of winding
streets, cul-de-sacs, and limited connections to major roads, with a lack of sidewalks and
buildings set far back from the street (Grand River Transit, 2020). Some researchers have
suggested intensifying the population density along major transit routes, such as implementing a
transit-orientated development (TOD), which may help solve the first- and last-mile problems

(Moniruzzaman & Péez, 2012). TOD neighbourhoods typically feature a centre with a transit
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station or stop to handle the needs of a large ridership. Kamruzzaman et al. (2015) found that
individuals living in TODs were more likely to use more sustainable modes of transportation and
less likely to use less sustainable transportation modes compared to residents of traditional

suburbs in Brisbane, Australia.

Researchers have also investigated active transportation as a feeder mode to access and egress
from major transit stations. However, walking distance and times spent walking during a
commute were found to be very limited, since commuters were only willing to walk around 1 to
1.5 kilometres to access a transit station (Griffin & Sener, 2016; Kim et al., 2007). Some
research has shown that walking often solves the first- and last-mile problems due to its
convenient access as a transportation mode. Moniruzzaman and Paez (2012) found that people

usually walk from their trip’s origin to the nearest transit stop.

Bicycles, as a feeder mode of transportation to a transit station, can effectively extend catchment
areas of transit stops far beyond walking range at a lower cost than a neighbourhood supported
by feeder buses (Krizek & Stonebraker, 2010; Pucher & Buehler, 2009). Moreover, bicycles also
provide flexibility in time for commuters departing from their original destinations. Transit
services can also provide convenient alternatives when cyclists encounter bad weather, steep
hills, gaps in the bicycle network, and mechanical failures. The literature revealed that bicycles,
as a transportation mode to access transit station catchment areas, can range between 1.2 and 5
kilometres or 15 to 20 minutes in biking distance from a subway station (Griffin & Sener, 2016;
Djurhuus et al., 2014; Zuo & Wei, 2019; Wu et al., 2019; Bracher, 2000; Rietveld, 2000;
Hochmair, 2015); this expanded range allows more people to access transit stations, which
benefits transit operations. However, many studies (Givoni & Rietveld, 2007; Pan et al., 2010;

Martens, 2004; Bachand-Marleu et al., 2011) found that bicycles are most commonly used to
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access the “home” end rather than the “destination” end of a trip. Several reasons for this trend
were noted, but this trend is most likely due to a lack of bike share services or riders’ inability to
bring bicycles on board transit, preventing passengers’ easy access to a bicycle when they arrive

at their destination (Chan & Faber, 2020).

2.3.2 Bicycle Integration with Rail Transit

In recent years, bike sharing has become an effective travel and feeder mode to connect city rail
transit in the first/last mile. Many studies from Section 2.3 have shown that bike infrastructure
has a significant contribution to make bicycle-rail transit integration available to more people.
Cervero (2013) concluded that the adage “built it and they will come” holds for bicycle
improvements from his study of Bay Area Rapid Transit (BART) in San Francisco, United
States. Cervero (2013) also found the increased number of secure and protected bicycling
parking at the stations, and the extensions of the separated bicycle lanes from the stations

explained the growing use of bicycles for accessing BART stations.

Personal socio-economic characteristics, and structural context, including built environment,
transportation infrastructure, and transit service, also had an impact on an individual's decision of
using bicycle to access or egress metro stations (Liu et al., 2020). Chen et al. (2012) found that
the land use of surrounding neighborhoods, bike share services, and the availability of transit
services affect the decision to use the bicycle to access or egress the metro. Wang and Liu (2013)
analyzed bicycle-transit integration tips in the US from 2001 to 2009 and found that commuters,
younger individuals, and individuals that are living in large and high-density urban areas are
more likely to use bicycles as a feeder mode to transit. Ma et al. (2018) also found that metro-
bicycle travel patterns vary across users, but young users are the largest group. Zhao and Li

(2017) indicated that a moderate transfer distance may encourage a connection between the
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metro and bicycles, such as bike share. Similar to the accessibility of transit stations, easy-to-
access bus stops encourage their connection with the mode of walking rather than cycling (Kerr
et al., 2016). Tang et al. (2018) found that bike sharing systems can help commuters solve their

first/last mile travel and stimulate more people to use public transit.

2.3.3 Successful Integration

Successful bicycle-transit integrations were found to help increase overall catchment areas and
subsequent transit patronage, as well as the overall demand for cycling (Krizek & Stonebraker,
2010). However, no one-size-fits-all method can be applied to every city due to their different
settings and local cultures (Martens, 2004). For example, many European and Asian cities have
different transit commuting patterns, habits, and cultures compared to North American cities due
to their high population densities in urban areas. Many Canadian cities were planned to be car-
oriented, with a lack of public transit and low bicycle usage in the past. Moreover, many cities in
the Greater Golden Horseshoe in Ontario began to limit city sprawl within their current
municipal boundaries by intensifying some areas through implementing high-rise residential
buildings to prioritize efficient land use and support transit viability, guided by the Growth Plan
(Government of Ontario, 2020). With higher population densities, the likelihood of using public

transit and bicycles increases if sufficient infrastructure is implemented through development.

Kager et al. (2016) identified the supply components of bicycle—transit integrated transportation

modes in Figure 2.1.
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Figure 2.1 Supply components of bicycle-transit integration

Origin — (Bicycle parking — Bicycle infrastructure — **Bicycle parking) * — Access
stop — Transit services, facilities, and transfer locations — Egress stop — (**Bicycle

parking — Bicycle infrastructure — Bicycle parking) * — Destination

*A bicycle—transit trip chain is defined as including a bicycle trip segment either before or after a transit trip
segment or on both sides of a trip.

**Bicycle parking at an access and egress stop is not used for a bicycle transit trip if a bicycle is taken on board.

Kager et al. (2016)
Bicycle parking and bicycle infrastructure play important roles in bicycle-transit integrations,
and good bicycle infrastructure has been found in the literature to encourage people to bicycle
more often (Griffin & Sener, 2016; Duthie et al., 2010). Stations in different communities within
a city with different urban forms require various infrastructures, and policies must promote
biking in local communities. For example, a low-density community may require more off-street
bicycle paths or traffic-calming measures on streets that lead to LRT stations, particularly for
users seeking added personal safety on the road. Secure bicycle parking may also entice riders
who want added security at stations. On the other hand, a high-density, walkable urban area may
benefit from a public bike share system or a network of on-street separate bicycle infrastructure

within LRT stations’ vicinities.

2.4 Transportation Research Methods

2.4.1 Surveys’ Benefits and Limitations

Surveys are widely used in various research subjects, including transportation research as a data
collection method (Neuman, 2007; Gideon, 2012). Researchers can collect a large amount of
data in a fast, cost-efficient way through surveys. With technological developments, more

researchers are using web-based surveys to conduct research (Neuman, 2007). Surveys offer
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flexibility in questioning techniques, the number of questions asked, and covered topics (Gideon,
2012). Web-based surveys provide many benefits, such as flexibility, ease of administration,
lower costs compared to paper-based surveys, the ability to target a larger population, all-day
accessibility and availability to a target population, and confidentiality and privacy for

participants (Neuman, 2007; Gideon, 2012).

However, conducting a web-based survey also involves some limitations. For example, not all of
a target population may have access to the internet or feel comfortable using technology, which
can affect the resulting representation of a demographic group in a target sample (Neuman,
2007). Neuman (2007) suggested that survey designs must endeavour to ensure that participants

understand the content and easily follow instructions.

Moreover, some disadvantages are associated with both paper- and web-based surveys. Low
response rates are a common challenge among researchers who conduct surveys (Farthing,
2016). Providing incentives to survey participants encourages participants’ willingness to
participate in a survey-based study (Gotriz, 2006; Frick et al., 2001; Tuten et al., 2004;
Heerwegh, 2006). Therefore, the incentivization strategy for this survey study is discussed in
“Chapter 3: Methodology.” Low response rates also threaten the validity of survey results
because non-responses may not be random, since non-responders in the same samples sometimes
share similar characteristics (Manzo & Burke, 2012). Besides low response rates, researchers
conducting surveys also face data accuracy challenges, since respondents’ answers may not

reflect what they say, do, or will do (Neuman, 2007).
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2.4.2 Stated-Preference Surveys

Stated-preference (SP) surveys have been widely applied in marketing and travel demand
modelling studies (Ho et al., 2020; Shams et al., 2017), both separately from and jointly with
revealed-preference (RP) surveys observing product purchase or service use choices. Stated-
preference surveys are an efficient method to analyze commuters’ evaluation of multi-attributed
products and services, especially when hypothetical choice alternatives and new attributes are
involved. Extensive research has used SP surveys to identify preferences or choices for the
cycling infrastructure and cycling routes, levels of cycling confidence, and socioeconomic
characteristics (Richie & Hall, 1999; Caulfield et al., 2012; Wang & Chen, 2017; Stinson &

Bhat, 2003; Deenihan & Caulfield, 2005; Pritchard, 2018).

2.4.3 Aggregate and Disaggregate Models

Aggregate models were first developed for transportation modelling (Ortazar & Willumsen,
2012). Aggregate demand transport models are based on either observed relations between
groups of travellers or average relations at a zone level. However, disaggregate models are based
on the observed choices made by individual travellers or households, and disaggregate models
enable more realistic models to be developed. (Ortazar & Willumsen, 2012). It has been

criticized for its inflexibility, inaccuracy, and costs.

Ortazar & Willumsen (2012, p.19) stated that “A major shift from aggregate models to
disaggregate models occurred in major transportation projects during the 1980s”. Disaggregate
models demand that analysts have a higher level of statistical and econometric knowledge to use

the model correctly compared to aggregate models (Tan & Ma, 2020).
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Both models have advantages and disadvantages. With the technology having improved over the
past 30 years, disaggregate models can be calculated by computer to simplify the process and
provide better, simpler information for decision makers in transportation projects (Ortuzar &

Willumsen, 2012).

2.4.4 Discrete Choice Models

Discrete choice models theoretically or empirically model people’s choices among a finite set of
alternatives, such as which car to purchase, which mode of transportation to take to work, and
where to attend university, among numerous other applications (Train, 1978). Several studies
have used a discrete choice model to conduct studies on transportation-related topics (Kim et al.,
2007; Hunt & Abraham, 2007; Chen & Chen, 2013; Ji et al., 2017). This model statistically
relates each person’s choice to his or her attributes and to the attributes of the alternatives
available to the person (Uncles et al., 1987). For example, people’s choice of a mode of
transportation for commuting is statistically related to each person’s income, age, and lifestyle,
as well as the other attributes of each available mode (Train, 1978). Discrete choice models

estimate the probability that a person will choose a particular alternative (Puan et al., 2019).

Based on the number of dependent variables’ available values, two types of logit models are
common in the literature: the binary logit model and the multinomial logit model (MNL). Ji et al.
(2017) used multinomial models to examine the factors that influence rail transit commuters’
access modes in Nanjing, China. They revealed a gender gap in private versus public bicycle use
for rail transit access, in which female commuters were more likely to use private bicycles to
access rail transit stations (Ji et al., 2017). The same study also found that the choice to use
public bicycles as a feeder mode of transportation to rail transit was higher among younger

commuters and commuters with higher incomes (Ji et al., 2017). Few elderly users used this
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option due to public bicycles’ requiring a smartphone application to scan a QR code to unlock

the bicycles (Ji et al., 2017).

2.4.5 The Binary Logit Model

The binary logit model estimates the relationship between one or more explanatory variables and
a single output binary variable (Tranmer & Elliot, 2008). In practice, many researchers have used
binary regression to evaluate the factors that influence commuters to choose one mode of
transportation over another. They typically used one group as a base group to compare to another
group across many dependent variables (Tranmer & Elliot, 2008). A Danish study by Djurhuus
et al. (2014) used the binary logit model to ask about participants’ socioeconomic characteristics
and reasons for transportation choices. A recent study by Tan and Ma (2020) also used the binary
logit model to conduct a regression analysis of commuters’ rail choice behaviour during the

COVID-19 pandemic in China.

The binary logit model is useful when research can categorize variables into only two categories
(Tranmer & Elliot, 2008). However, using this is difficult for many transportation researchers
since it requires more than two categories to summarize variables. The choice probabilities of a

regression equation can be explained as follows:
Logit (P) = Log [P / (1-P)]

Let: Pi=Pr(Y=1|X=x)

Then:

P:
Log (=) = logit (P) = fo + fux;
l
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where P or (Pi / 1-P;) is the probability varies from 0 to 1, B1X; refers to independent

variables.

2.5 Research Gaps and Aims of the Current Study

To the researcher’s knowledge, and based on this chapter’s literature review, overall bicycle
infrastructure implementations in the local context significantly affect people’s decisions to use
bicycles. Moreover, physical availability and weather conditions also affect these decisions.
However, most of the existing research about bicycle-light rail or bicycle-metro integration in the
Canadian context has focused on large cities, such as Toronto, Montreal, Vancouver, and
Calgary, while mid-sized Canadian cities have received less focus. In addition, most of the
Canadian mid-sized cities do not have any light rail or metro system. There are only two other
cities (Edmonton and Ottawa) that have light rail systems beside KW. The current research,
therefore, aims to resolve the gap in the literature concerning mid-sized Canadian cities by using

Kitchener-Waterloo as a case study.

Public transportation in mid-sized Canadian cities is typically less frequent compared to large
cities, and bicycle infrastructure projects have only begun in these cities recently. A need to
better understand the many factors and nuances, such as socio-demographic characteristics,
distance travelled and frequencies of travel, that influence transit riders’ behaviour and choice of
feeder mode in mid-sized cities and why bicycles are not chosen as a feeder mode of
transportation, is apparent. Further, most works in the literature examining feeder transportation
mode choices in North America have focused on metros or subways with buses, walking, and

personal vehicles. Although LRT was mentioned as a major transportation mode and bicycles
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were also mentioned as one such feeder mode, both of the subjects and their integrations were

hardly discussed in the reviewed literature.

The hypothesis of this thesis is that bicycle infrastructure is one of the controllable determinants
in promoting bicycle-LRT integration. Offering more bicycle infrastructure—such as secure
bicycle parking at LRT stations, separate bicycle lanes, connections to LRT stations, better
cycling network connectivity, and expanded bike share services—would increase people’s
likelihood of bicycle use as a feeder mode of transportation to access or egress from LRT
stations in Kitchener-Waterloo. This thesis intends to resolve some of the gaps in the existing
literature identified above. Based on the research findings discussed later in Chapter 4 and
Chapter 5, the thesis study will offer recommendations for future infrastructure interventions and

implementation specific to the Kitchener-Waterloo context.

2.6 Conclusions

This chapter reviewed the existing literature related to the use of bicycles as a feeder mode of
transportation. The first section of this literature review discussed different factors affecting
general transportation mode choices, such as individual factors, the costs of certain modes and
the built environment and urban form. Individual factors, such as gender, play a role in mode
choices (Kim & Ulfarsson, 2008; Gatersleben & Appleton, 2007). Family structures also affect
mode choices (Kim & Ulfarsson, 2008). Importantly, cost factors must be included when testing
land-use factors’ influence on travel demand. Built environments and urban forms also affect
commuters’ transportation mode choices. Many studies have found built environments to
significantly influence decisions to use or not to use sustainable transportation modes (Winters et
al., 2010; Zhou, 2012). Researchers have broken down psychological factors—such as

behaviours and attitudes toward a transportation mode choice—into different variables through
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various perspectives, such as experiences, social status and the approval of the general public or
a person’s family (Ajzen, 1991; Krizek, 2005). The literature has also suggested that instead of
discouraging a behaviour, creating enjoyment of a particular travel mode may facilitate the

promotion of desirable behaviour (Whalen et al., 2013).

Among different transportation modes, city rail transit provides a stop-to-stop service rather than
a door-to-door service, which typically requires passengers to use a feeder mode to access or
egress from the rail transit stations. Factors that impact decisions on feeder mode choices are
similar to those affecting the general transportation mode choice, which includes individual
factors, built environment, and psychological factors (Chan & Farber, 2019; Guo et al., 2020).
Mid-sized cities’ current urban form and the decline in downtown areas negatively affects public
transportation usage and encourage local residents to use automobile to travel between dispersed
activities. Weather is also considered one of the major factors in changing how people choose
transportation mode. Precipitation such as rain or snow will have a significant negative impact
on cycling (Nosal & Miranda-Moreno, 2014; Hong et al., 2020), where the increase in
temperature will help to increase the cycling volume (Saneinejad et al., 2012). However, weather
is an uncontrollable factor for which good infrastructure and policy measures can help ease its

negative impacts.

The second section of this literature review discussed general attitudes towards bicycle
infrastructure. This section also discussed barriers, preference for bicycle infrastructure, and bike
share. Bicycle infrastructure plays a crucial role in both the perception and the reality of safety
for cyclists. A well-supported bicycle infrastructure—such as a well-connected cycling network
or separate bicycle lanes—reduces barriers and encourages people who are not cycling often and

who worry about sharing the road with automobiles to use bicycles (Deenihan & Caulfield,
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2015). Bicycle lanes should be designed for people with different experiences and of all ages.
Bike share also plays a key role in promoting cycling, providing flexibility for people who do not
own a bicycle, and integrating bike share systems with transit systems helps transit riders reach

their destinations faster (DeMaio & Gifford, 2004; DeMaio, 2009; Duvall & Main, 2012).

The third section of this literature review discussed the first- and last- mile problems among
transit users. Providing convenient, fast, and safe access and egress stages during a trip within
public transportation can help satisfy existing transit riders and, potentially, attract new riders.
Additionally, bicycle use as a feeder mode of transportation to a transit station can effectively
extend transit stops’ catchment areas far beyond walking ranges at a lower cost, which leads to
successful bicycle—transit integration that helps increase overall demand for both cycling and
transit (Krizek & Stonebraker, 2010; Pucher & Buehler, 2009). However, local governments
should be aware of bicycle infrastructure settings, depending on transit stations’ geographical
areas (Putcher et al., 2011). Local government should integrate recommendations from
researchers into policy and planning can lead to a greater equity in representation, distribution of
resources, and decision-making in promoting cycling. The final section of this literature review
discusses transportation research methods and the models used in the following chapters of this

study.

Many cities over the world have good practice bicycle-train, or bicycle-metro integration
program. However, not all the practices can be applied on a mid-sized car dominant Canadian
city. The city of Nanjing, China (Ji et al, 2017) was able to provide excellent bicycle-metro
integration program also since a large proportion of the population use public transit for their
commute to work and the population of Nanjing is greater than any city in Canada. The larger

population creates the large economic of scale which creates large demand to use bike share
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where it provides flexibility and conveniently located near both end of the commuting trips.
There is an existing bicycle culture in China, although many people opt to purchase car when
they can afford. However, the overall congestion of the road and the time consumed creates
challenges for people to use car to commute. This also creates opportunities for bike share to
grow. In the Canadian context, Vancouver has the best bicycle-metro integration program among
all Canadian cities, where the transit riders and bike share riders are using the same fare system
(Translink, 2020) where it helped the transit agency to forecast the supply and demand during
different peak hours where they can quickly adopt the demand and sending personnel to
distribute more bicycles in a short period of time. However, such practice by Vancouver does not
work on mid-sized cities at the current stage. The bicycle culture and the sustainable city
planning in Vancouver has been established for a long time (City of VVancouver, 2020) where
many of the mid-sized cities such as Kitchener-Waterloo were only just starting to focus on
active transportation and sustainability planning. Although overall car culture in the mid-sized
cities is still dominating in the local contexts (Myers & Glover, 2019; Fillion & Buting, 2004),
some cities were starting to see the culture changes by implementing long term transportation

plan that focused on active transportation.

This review identified three gaps in the literature. First, the existing LRT literature has mostly
focused on large cities and rarely on mid-sized cities. Secondly, minimal research has been
conducted on attitudes toward bicycle infrastructure in a mid-sized city context. Thirdly, most
bicycle-transit integration studies have focused on bicycle-commuter rail or bicycle-metro
subjects, with less discussion of LRT. Finally, this chapter revealed a need to better understand

the many factors and nuances that influence light rail riders’ behaviour in mid-sized cities.

The next chapter outlines the theoretical and methodological approaches used in this study.
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Chapter 3: Methodology

3.1 Overview

A quantitative method approach was chosen for this study. Accordingly, web-based surveys were
distributed to potential participants. This chapter discusses the theoretical context of the current
research, provides some background on the study’s sites, reviews regional and local policies, and
describes the study’s survey design, data collection, and data analysis using a quantitative

method.

3.2 Research Purpose and Theoretical Approach

3.2.1 Research Purpose and Objectives

This research aimed to understand what conditions are necessary for existing LRT riders to use
or will be encouraged to use bicycles as a feeder mode to access or egress from the LRT stations,
specifically the role of bicycle infrastructure. Three research objectives guided this study in

understanding this potential use:

1. Understand LRT riders’ sociodemographic backgrounds, their attitudes, and

preferences toward bike infrastructure
2. ldentify factors associated with increasing the usage of bicycles as a feeder mode

3. Use the findings to inform planning policies and implementation of bicycle

infrastructure.

3.2.2 Theoretical Approach

This research adopted a relativist ontological position, and the researcher’s epistemological

position was positivist. This position means that this research examined the extent of the
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influences on current LRT riders’ future decisions to use bicycles as a feeder mode of
transportation. Ontology regards the existence of facts and objects, while epistemology regards
whether people can know them or not, whether objectively or subjectively. The researcher
selected an interpretive position to understand influences on participants’ attitudes toward
bicycle infrastructure and influences on participants’ future choices to use bicycles as a feeder

mode of transportation to access and egress LRT stations.

This research was a quantitative study, and it used a deductive approach. This research examined
the role of bicycle infrastructure on either supporting or refuting the theory of the planned
behaviour (TPB). As discussed in Chapter 2, TPB is predominately a cognitive theory. It is an
influential theoretical approach applied to understanding and predicting behaviour. In the current
research, the studied event was the future potential of using bicycles as a feeder mode to access
or egress from LRT stations in Kitchener-Waterloo. This research examined bicycle
infrastructure’s effect on current riders’ intentions to either support or refute the TPB that more
bicycle infrastructure would positively influence people’s intention and perceptions of bicycles
by conducting discreet choice model analysis on surveys. A deductive approach was used to
conduct a web-based survey and to test the hypothesis. This research hypothesized that building
more bicycle infrastructure would increase current LRT riders’ likelihood of using the bicycle as
a feeder mode of transportation. Once this hypothesis was tested and developed, a case was
selected to generate and analyze data, and enhance further understanding of the research

questions (Farthing, 2016).

3.3 Study Area
The City of Waterloo and the City of Kitchener are two adjacent, lower-tier municipalities within

the Region of Waterloo in Southwestern Ontario, Canada. These two cities have a combined
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population of 338,208 (Statistics Canada, 2017), comprising more than half of the Waterloo
Region’s population. Kitchener-Waterloo (KW) is also home to two universities, one college,
and 65,000 post-secondary students. The Region of Waterloo is the approval authority for the
lower-tier municipalities in the region, whose planning, at the regional level, for transportation

issues can cross local municipal boundaries (Region of Waterloo, 2020).

Between 2006 and 2016, a growing number of residents took short trips (less than 2 kilometres
in length) by using transit, bicycles, or walking, whereas car use for short trips (for both drivers
and passengers) fell during the same period (Region of Waterloo, 2019). Moreover, cycling
accounted for 2.9% of total trips under 2 kilometres and 2.1% of total trips between 2 and 5
kilometres, a 1.2% increase from 2006 (Region of Waterloo, 2019). The growth of using transit,
bicycles, or walking reflects a positive trend that may relate to regional investment in active
transportation, transit, and land-use changes, including the Central Transit Corridor’s population

intensification.

3.3.1 Public Transportation in Kitchener—Waterloo

Grand River Transit (GRT) serves the Waterloo Region with scheduled local bus services and
express bus services. GRT also provides MobilityPlus buses for wheelchair users and people
with physical disabilities, by appointment. It currently provides services in Waterloo, Kitchener,

Cambridge, Elmira, and Wilmot (Grand River Transit, 2020).

The ION Light Rail Transit (ION LRT) was launched by the end of June 2019, connecting
Conestoga Mall in Waterloo in the north and Fairview Mall in the south through both downtown
Kitchener and uptown Waterloo along King Street. Figure 3.1 shows the current LRT route. ION
LRT is currently operated by Keolis—a multinational company that operates public

transportation systems. When this LRT was launched, many east-west—bound GRT buses
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rerouted to connect to these LRT stations as part of the transit integration process (Grand River

Transit, 2019). Figure 3.1 illustrates the current ION LRT route in the City of Kitchener and the

City of Waterloo.

Figure 3.1 ION Light Rail Transit route in the City of Kitchener and the City of Waterloo

ION LRT Route within the City of Kitchener and the City of Waterloo
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3.3.2 Bicycle Infrastructure in Kitchener-Waterloo

As mentioned in “Chapter 1: Introduction”, the studied area’s regional and municipal
governments have implemented and constructed many bicycle infrastructures over the past few
years, and more of such projects have been proposed or planned, or are currently under

construction (Region of Waterloo, 2020). The region has significantly progressed in its plan for
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an integrated, active transportation network, including on-road bicycle facilities. Bicycle lanes
nearly doubled across the region, to almost 300 kilometres, from 2006 to 2014 (Region of
Waterloo, 2019). However, a large proportion of the region’s existing bicycle lanes are off-road,

multi-use pathways.

Kitchener and Waterloo currently host five secure bicycle parking areas, with four in Downtown
Kitchener and one in Uptown Waterloo. However, users of these secure bicycle parking must
complete a registration process to obtain a security pass to access these facilities (City of
Kitchener, 2020; City of Waterloo, 2020). The City of Kitchener has also installed ““fix-it”
stations where bicycle users can perform small repairs and conduct general maintenance (City of
Kitchener, 2020). Further, both municipalities have painted signages, such as bicycle boxes, on
roads and added traffic lights dedicated to cyclists to provide clear guidance at intersections (City

of Kitchener, 2020).

The Region of Waterloo established a partnership with Drop Mobility that offers a dockless bike-
share pilot project in Kitchener, Waterloo, and Cambridge in May (Drop Mobility, 2019). This
pilot project was planned to end by December 2019 for evaluation and reporting to the regional
and municipal councils. Although Drop Mobility expressed interest in operating a reduced area,
fewer bikes, and with a monthly service fee in Waterloo Region in 2020, both regional and
municipal governments decide to decline the proposed plan from Drop Mobility (Region of
Waterloo, 2020). The regional government is currently working with the municipal government

to develop a micro-mobility plan to introduce e-scooter and re-introduce bike-share in 2021.

3.3.3 Regional and Municipal Policies Review
The Waterloo Region’s “2018 Transportation Master Plan” established four goals: to promote
travel choice, foster a strong economy, support sustainable development, and optimize the
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region’s transportation system (Region of Waterloo, 2019). One strategy for achieving the plan’s
goals is to build a transportation network that supports all travel modes. Enhancing walking and
cycling connections to ION LRT stations and frequent transit corridors is one of the plan’s
targets. Six road diets were planned, in which one- or two-car lanes were removed from overbuilt
corridors to accommodate new cycling facilities or dedicated transit lanes (Region of Waterloo,

2019).

As part of the “2018 Regional Transportation Master Plan” (Region of Waterloo, 2019), the
region conducted an “Alternative Transportation Modes Study” to identify barriers, behaviours,
and attitudes that influence transportation mode choices within the region. The study’s survey
categorized respondents into four categories: fearless and strong, enthused, and confident,

interested but concerned, and no way, no how (Region of Waterloo, 2019).

The survey’s results revealed that 66% of respondents had shown an interest in using cycling as
an alternative option, but nonetheless harboured concerns (Region of Waterloo, 2019). The top
three barriers identified for cycling becoming the region’s primary travel mode were: long
distances and travel times between destinations, safety concerns, and the lack of an ability to
carry items on a bicycle (Region of Waterloo, 2019). The safety-concerns barrier can be
mitigated through enhanced designs, including bicycle lanes and multi-use trails that are
physically separated from traffic, to enhance user comfort, as well as more education for drivers
and cyclists. Moreover, using bicycles as a feeder mode of transportation to public transit instead
of a primary mode for a whole trip can help resolve the long-distance barrier and decrease travel

times between destinations, while offering some flexibility.

The City of Kitchener and the City of Waterloo both set goals in their transportation master plans

that follow the “Regional Transportation Master Plan” vision (Region of Waterloo, 2019). The
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City of Kitchener recently approved a new “Cycling and Trails Master Plan” from the existing
“Kitchener Integrated Transportation Master Plan” to provide detailed planning guidance for the
city in creating a bicycle-friendly community. Section 4, Strategy 1E of the current master plan,
stated that the City of Kitchener is aiming to integrate cycling with other modes of transportation
and provide cycling facilities at major transit stations to encourage bicycle-transit integration as a
viable mode of transportation for longer trips (City of Kitchener, 2020). Additionally, in the
city’s “Official Plan” (2014, p. 132), under the Section 13.C.1.1, the city set out a guideline to
require “new, multi-unit residential, commercial, industrial, office and intuitional developments
to provide secure bicycling parking and will encourage, where appropriate, shower/change

facilities for cycling commuters.”

The City of Waterloo “Transportation Master Plan” (2011) provides guidelines for the city in
creating more bicycle lanes or multi-use trails and connecting the city’s existing bicycle lane
network to encourage people to use bicycles and create a bicycle-friendly community. In the
current City of Waterloo “2019 to 2022 Strategic Plan,” one strategic goal is to improve all
sustainable transportation modes to make Waterloo more mobile, accessible, and connected,;
additionally, one objective is “to facilitate a model shift, enable increased use of active
transportation and public transit” (City of Waterloo, 2019, p. 10). Under Chapter 6 of the City of
Waterloo “Official Plan” (2012), the city set out guidelines to support building cycling networks

by connecting the city’s high-density, transit-oriented area with a lower-density neighbourhood.

Different levels of government have been worked creating bicycle-friendly communities to
encourage people to use bicycles or public transportation as their primary method of
transportation, rather than automobiles. However, before encouraging more people to change

their primary mode of transportation, infrastructure must be implemented so that people can feel
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comfortable and more willing to make this change. The Region is currently working on a
coordinated 2021 micro-mobility (bike share and e-scooter) plan and implement in the City of
Cambridge, the City of Kitchener, and the City of Waterloo that will overall improve micro-

mobility service quality and efficiency.

3.4 Survey Development

3.4.1 Introduction and Survey Development

The sole component of this study’s data collection was a self-administered, web-based survey
examining current LRT riders’ sociodemographic backgrounds, travel behaviours, bicycle
ownership and usage, attitudes toward bicycle infrastructure and potential future use of bicycles
as feeder mode of transportation. Surveys allow researchers to ask questions for examination
about, for example, behaviours, attitudes, self-classification, and knowledge (Neuman, 2007).
This study’s survey comprised a mix of different types of questions, including multiple-choice
questions, which were closed-ended, asking participants to choose only one of a set of answers.
Multiple-choice questions allow participants to provide quicker responses, but they face
challenges in capturing individual perceptions and feelings (Neuman, 2007). Multi-response
questions allow participants to select as many answers as they think apply to them and are able to
capture respondents’ views and attitudes through pre-formatted information (Santos, 2000). This
study’s survey also included a Likert question that asked participants to rate the importance of
listed elements. At end of the survey, an open-ended question allowed participants to provide
their reasons for choosing their answers to the previous question. Open-ended questions allow
participants to expand upon their answers to multiple-choice questions to reflect their feelings

and perceptions (Neuman, 2007).
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The study’s survey questionnaire, titled “Bicycle-LRT Integration in Kitchener-Waterloo Area,”
was designed by using Qualtrics. Qualtrics is a web-based survey platform compatible with
quantitative analysis programs, such as IBM SPSS Statistics and Microsoft Excel, both of which
were used to analyze this study’s data. Before the survey was submitted to the University of
Waterloo Research Ethics Committee, the researcher conducted a pilot study with 15 university
student volunteers from different programs to test the survey’s completion time, to adjust any
errors, and to ensure consistency with the timeframe indicated on its information page. The
survey was found to be easy for potential participants to understand. The only limitation of the
pilot project was that the volunteers were all younger adults who were studying in the university
and may have a better understanding of the subjects or vocabularies compared to the public.
Upon completion of the pilot project, the survey was refined, based on the pilot study’s
comments. One question was eliminated, and a few new options were added to the existing

questions.

This study was approved by the University of Waterloo Research Ethics Committee
(ORE#42052). After the project had received this clearance, the survey was distributed online,
and participants could access the survey through a link provided on the electronic survey flyer or
a recruitment message. They could enter themselves into a draw for one of ten $20 Tim Hortons

gift cards as an incentive for participation.

3.4.2 Survey Design

The survey questionnaire comprised 18 questions and was five pages in length, requiring
approximately 10—15 minutes to complete. The first page contained information for participants,
explaining the study’s purpose, the ethics committee’s clearance, the total number of questions,

and the estimated time needed to complete the survey.
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In the first section of the survey, participants were asked to provide sociodemographic
information, including gender, age, family structure, education level, age, and household income.
In the second section, respondents were then asked to provide answers related to ION LRT, such
as their frequency of using this LRT service, their primary purpose in using the service, the
feeder mode of transportation they used to access and egress the service’s LRT stations, and the

distance between their homes and the service’s LRT stations.

The survey’s final section asked participants questions about cycling aspects, such as their
ownership of any bicycles and cycling frequency, as well as the primary reason for discouraging
participants from using bicycles to access or egress stations. Participants were then asked to state
their opinions on the importance of different cycling infrastructures, different cycling
experiences, and different travel motivation—related statements. A five-point agreement scale
ranging from very important to not at all important was used for these questions. The final two
questions asked participants if they would be willing to use bicycles as a feeder mode of
transportation in the future in good weather conditions, given all the local governments’ efforts
to install bicycle infrastructure over the past few years, and to state their reasons for their
choices. As previously mentioned in Chapter 2.1.4, low temperature, and precipitation, such as
rain or snow, have a significant negative effect on people’s willingness to choose bikes as the
mode of transportation. For the purpose of the study, the researcher determined the willingness
of people to use bikes as feeder mode to the LRT stations in good weather conditions instead of
during all weather conditions. It will be difficult to encourage people to try biking during bad
weather conditions even with the cycling infrastructures available (Hong et al., 2020). Upon

completing the survey, participants were encouraged to submit their email addresses to the
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researcher if they wanted to participate in the incentive draw or obtain a copy of the results upon

completing the thesis’s completion.

3.4.3 Data Collection

The survey questionnaire was administered to a sample of LRT riders over 18 years of age in the
Kitchener-Waterloo area. The original survey distribution plan was to hand out survey flyers on
the street, near LRT stations. However, due to the COVID-19 outbreaks and social distancing
measures implemented by all levels of governments (Government of Canada, 2020; Government
of Ontario, 2020), and also due to new research restrictions posted by the University of Waterloo
during the pandemic (University of Waterloo, 2020), this original plan was cancelled. The
researcher instead distributed the survey through social media via the Facebook Group function.
A recruiting message was created along with a link to the survey, and a survey flyer was posted
digitally on the Facebook Group “I Support Light Rail Transit in the Region of Waterloo”, which
included more than 2,500 members. This group was the largest and most active group related to
LRT topics in the Waterloo Region context. The advantages of using this special Facebook
group were that many active members were current LRT riders who shared LRT news
concerning the Waterloo Region and discussed the current system, and who may more likely
participate in this study and provide more detailed feedback. The Facebook group had more than
2,500 members, and the recruitment message would have a larger media exposition. However,
current LRT riders who were not using Facebook or who did not join the Facebook group would

not be able to see the recruitment message and were not able to participate in the study.

Upon receiving the approval of the administrators of the Facebook Group and approval of the
University of Waterloo Research Ethics Committee (ORE#42052), a survey recruitment message

was posted on August 17, 2020, and left active for two weeks. On the survey’s completion date,
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the researcher removed the survey link by the end of the day at 11:59 p.m. and downloaded all

participants’ responses to the researcher’s laptop for data analysis.

3.4.4 Potential Selection Bias

Selection bias is systematic error due to a non-random sample of a population, causing some
members of the population to be less likely to be included than others, resulting in a biased
sample, defined as a statistical sample of a population in which all participants are not equally
balances or objectively represented. Examples including self-selections, pre-screening of the
participants. Failing to control for self-selection will result in overestimation of the effect of built
environment on travel behavior (Cervero, 2004). In this research, the participants were recruited
from the Facebook group “I Support Light Rail Transit in the Region of Waterloo”, which the
group members have common interests in the light rail transit and transit related topics. The
overall result may be slightly more positive compared to total random sampling. However, with
the research focus on sampling LRT riders, the overall self-selection bias was able to be

minimized.

3.5 Incentivization Recruitment Strategy

In recent years, telemarketing surveys and customer service satisfaction surveys have become
common, and they can negatively affect potential volunteers’ willingness to participate in any
other types of surveys due to privacy and personal data concerns (Yu et al., 2017). Many
researchers have found that incentives help increase response rates, including in online surveys
(Gotriz, 2006; Frick et al., 2001; Tuten et al., 2004; Heerwegh, 2006). Offering incentives is
becoming popular among researchers who use surveys as tools to conduct research. Gotriz
(2006) found a 19% increase in response rates from offering incentives to participate in surveys.

Frick et al. (2001) found that a lottery incentive significantly decreased the percentage of
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respondents who prematurely dropped out while answering an online survey. Tuten et al. (2004)
and Heerwegh (2006) also found that providing incentives through a lottery significantly
increased participation compared to a group that did not offer any incentives. Further,
researchers have found that material incentives are generally more effective compared to not
offering incentives, especially bonus points, because of the difficulty of delivering money to
each respondent, and prepaid incentives are more effective than promised incentives (Su et al.,
2008). Many researchers now rely on incentives to encourage survey participation and to
increase overall response rates (McGovern et al., 2018). Offering incentives can also help
establish connections between a researcher and potential participants, which can encourage

involvement in a study (Sherrod et al., 2003).

The current study’s data collection involved surveying current LRT riders using an online flyer
and a recruitment message that directed potential participants to the survey, along with a
description of the remuneration they were eligible to receive following their completion of the
survey. Upon completing the survey, participants could enter a lottery draw by providing their
email addresses and choosing to participate in the draw. The email address provided by the
participants to enter this draw was not affiliated with their survey responses. Upon completing
the study’s data collection, the researcher downloaded these email addresses into a separate
Excel file and reorganized them chronologically by the participants’ response times. The
researcher then used a random number generator to select winning participants for the gift card

draw, and each winning participant received one of ten $20 Tim Horton gift cards.
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3.6 Data Analysis

3.6.1 Descriptive Analysis

The descriptive statistics tools Excel and SPSS were used to analyze the survey data’s basic
features, which demonstrated participants’ sociodemographic information, characteristics in their
current travel behaviour, and attitudes towards bicycle infrastructure. Besides looking into the
frequencies and proportions of participants’ selections for each question, a few cross-tabulation
analyses were also conducted. Cross-tabulation is a method used to quantitatively analyze the
relationship between multiple variables and show how correlations change from one variable
grouping to another. Cross-tabulation is useful in statistical analysis for finding patterns, trends,
and probabilities within raw data. Moreover, it can help determine whether a significant
association has occurred between variables. Furthermore, variables with significant associations
can also be tested using regression analysis to determine whether such relationships are positive

or negative.

Questions 14 and 15 asked survey respondents to select all the options that applied to them. The
results of these two questions were obtained using the multi-response function in SPSS software
for frequency and further cross-tabulation analysis. Question 16 asked the survey respondents to
rate the level of importance of each of the bicycle infrastructure lists in the question. As Table
3.1 shows, each level of importance was assigned a score ranging from 5 (very important) to 1
(not at all important). The mean score among the samples for each question was measured using
SPSS, which helped reflect the participating LRT riders’ overall thoughts about bicycle

infrastructure.

Table 3.1. Likert scale scoring
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Score Assignment 5 4 3 2 1

Very Somewhat Somewhat Not Not at All
Neutral

Level of Importance Important Important Important Important

3.6.2 Regression Analysis

As mentioned in “Chapter 2: Literature Review”, regression models have been widely used by
researchers to examine the significance levels of factors related to bicycle transit integration
topics (Djurhuus et al., 2014; Tan & Ma, 2020; Caulfield et al., 2012; Ji et al., 2017). The current
research aimed to identify and understand what will affect current LRT riders’ future decisions to
use a bicycle as a feeder mode of transportation. The binary logit model was selected to conduct
this analysis, since the dependent variable Y1 in Question 17 was designed with only two
outcomes. The survey data collected from responses to Questions 1-13 and 16 were input into
SPSS for modelling as independent variables. Both Questions 13 and 16 asked multiple sub-
questions, and each sub-question was identified as an independent variable. Table 3.2 illustrates

the dependent and independent variables used for the study’s binary logit regression.

To produce a more accurate regression analysis, the researcher then grouped some of the options
for each question because of lower response counts or similarities between these options. The
researcher also removed the data that represented the “non-binary or third gender” and ““I prefer
not to identify” options for Question 3, as well as the “I prefer not to answer” option for
Question 4 to Question 7 and reported those data as missing data for the regression analysis. The
categorical variables were categorized into different groups and coded using 3, 2, 1, and 0
values, where 0 was used as the reference category in the analysis. The 3, 2, 1, and 0 in this

analysis are not numerical values; rather, they were used to distinguish between different groups.

Table 3.2: Descriptions of dependent variables (Y) and independent variables (X)
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Descriptions of Dependent Variables (Y) and Independent Variables (X)

#(Q) Name Type (and Options) Coding Note
v F_uture use of Categorical Variables: 0 for “No™: 1 for
(Q17) bicycles as a feeder | — Yes “Yes” Dep_endent
mode —No Variable
Categorical Variables:
— Kitchener Most
— Cambridge respondents
— Waterloo 0 for “Kitchener”; 1 | who used
X1 L ocation — Woolwich for “Waterloo; 2 for | LRT were
(Q1) — Wellesley “Out of the Waterloo | within the
_ Wilmot Region” City of
_ North Dumfries Kitchener and
— Out of the Waterloo Waterloo.
Region
Categorical Variables:
—18t024
_ 2510 29 0 for “181t0 297; 1
X2 | Age —30to 34 for “30 to 39”; 2 for
Q2) | ™ 351039 “40 t0 59; 3 for “60
_401t0 49 or older”
—50to0 59
— 60 or older
Categorical Variables: “Prefer not to
— Female 0 for “Female”; 1 for | Answer” data
X3 Gender — Male “Male”; 2 for “Non- | were removed
(Q3) — Non-Binary Binary” and “Third and reported
— Third Gender Gender” as missing
— Prefer not to Answer data.
Categorical Variables: 0 for Graduate Level:
— Master’s Degree or Ph.D. “Master’s Degree or «prefer not to
or M.D. Ph.D. or M.D.”; 1 for ,
, | Answer” data
— Bachelor’s Degree or Undergraduate Level:
X4 . - « \ were removed
Education Similar Bachelor’s Degree
(Q4) and reported

— College Diploma or
Certificate

— High School

— Prefer not to Answer

or Similar” and
“College Diploma or
Certificate; 2 for
“High School”

as missing
data.
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Categorical Variables:

— Single or Live Alone

— Live with Parent(s)

— Live with Roommate(s)
— Lone Parent with

0 for Living Alone:
“Single or Live
Alone”; 1 for Living
with Others without
Children: “Live with
Parent(s),” “Live
with Roommate(s),”

“Prefer not to
Answer” data

(ég) Family structure Child(ren) and “Live with ‘;‘fﬁere[;?;’;d
— Live with Partner with No | Partner with No as mist)in
Child Child™; 2 for Living | &7 g
— Live with Partner and with Children: “Lone '
Child(ren) Parent with
— Prefer not to Answer Child(ren)” and
“Live with Partner
and Child(ren)”
0 for Low Income
and Income around
Median Household
. . ) Income: “Less than
Categorical Variables: $29.999” and “Prefer not to
— Less than $29,999 M »
$30,000 to Answer” data
—$30,000 to $49,999 .
Xe . $49,999”; 1 for were removed
Household income — $50,000 to $69,999 . )
(Q6) Higher than Median | and reported
—$70,000 to $99,999 ) H
Household Income: as missing
— More than $100,000 «
— Prefer not to Answer $50,000 to . data.
$69,999”; 2 for High
Income: “$70,000 to
$99,999” and “More
than $100,000”
0 for “Commute to
Categorical Variables: }‘Nork > 1 for
Commute to
— Commute to Work School™ 2 for All
— Commute to School cnoo’ ; « 1ot )
: Other Purposes:
— Grocery Shopping “ -
. . Grocery Shopping,
— Visit the Hospital e - Lo
. . Visit the Hospital,
X7 | Primary purpose for | — Drop Off or Pick Up “Dron Off or Pick U
(Q7) | LRT use Child(ren) op P

— Visit Family Members
— Access Entertainment or
Recreation or Leisure
Facility

— Others

Child(ren),” “Visit
Family Members,”
“Access
Entertainment or
Recreation or Leisure
Facility,” and
“Other.”
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Categorical Variables:
— Daily

0 for “Daily”; 1 for
“More than 3 Times

Xg | Frequency of LRT . a Week”; 2 for <1 to
(Q8) | use — More thfan 3 Times a Week 3 Times a Week™ 3
—1to 3 Times a Week “
for “Less than Once a
— Less than Once a Week N
Week
Categorical Variables:
B Walk 0 for “Walk”; 1 for
— Bicycle “Bicycle”; 2 for
Xo | Feeder mode to — Bus (GRT, GO Transit, “Bus¥’ and’
(Q9) | access LRT Greyhound, etc.) w )
' Automobile or Car
— Automobile or Car Drop- | o -Off’
Off (Private Vehicles, Taxi, P
Uber, Carpooling, etc.)
Categorical Variables:
B Wa'k 0 for “Walk”; 1 for
—Bicycle “Bicycle”; 2 for
X10 | Feeder mode to — Bus (GRT, GO Transit, “Bus}’/’ an d
(Q10) | egress LRT Greyhound, etc.) “Automobile or Car
— Automobile or Car Drop- | 5 -Off”
Off (Private Vehicles, Taxi, P
Uber, Carpooling, etc.)
0 for Comfortable
Walking Distance:
“Less than 500
. . ) Metres” and “501 to
Categorical Variables: 1,000 Metres™ 1 for
— Less than 500 Metres .
Comfortable Biking
. —501 to 1,000 Metres. - e
Xi11 | Distance between Distance: “1,001 to
—1,001 to 1,500 Metres v
(Q11) | home and LRT 1,500 Metres” and
—1,501 to 3,000 Metres “1 501 to 3.000
— 3,000 to 5,000 Metres métres”- 2 11‘0r Longer
— More than 5,000 Metres Distance: “3.000 to
5,000 Metres” and
“More than 5,000
Metres”
X12 | Bicvele ownershi ?$Zgorlcal variaples: 0 for “No”; 1 for
(le) y p B NO “Yes”
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Categorical Variables:
— Three Times a Week or

0 for Frequent User:
“Three Times a
Week or More” and
“Once a Week or

X1z | Frequency of using a | More More”: 1 for
(Q13- | bicycle for work or | — Once a Week or More ’ .
Infrequent User:
1) | school — Once a Month or More w
Once a Month or
— Less than Once a Month or - w
Never More” and “Less
than Once a Month
or Never”
0 for Frequent User:
Categorical Variables: Three Times i
. Week or More” and
— Three Times a Week or «
i Once a Week or
X4 | Frequency of using a | More
. : More”; 1 for
(Q13- | bicycle for recreation | — Once a Week or More .
. Infrequent User:
2) | or exercise — Once a Month or More «
Once a Month or
— Less than Once a Month or - w
Never More” and “Less
than Once a Month
or Never”
0 for Frequent User:
Categorical Variables: Three Times ?,
. Week or More” and
— Three Times a Week or «
i Once a Week or
X1s | Frequency of using a | More More™ 1 for
(Q13- | bicycle for any other | — Once a Week or More ’ .
Infrequent User:
3) | purpose — Once a Month or More «
Once a Month or
— Less than Once a Month or - w
Never More” and “Less
than Once a Month
or Never”
0 for “Not at All
Categorical Variables: Important”; 1 for
X — Not at All Important “Somewhat Not
16 | Opinion on on-street | — Somewhat Not Important | Important”; 2 for
(Q16- b I3 29,
1) icycle lane — Neutral Neutral”; 3 for

— Somewhat Important
— Very Important

“Somewhat
Important”; 4 for
“Very Important”
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Categorical Variables:
— Not at All Important

0 for “Not at All
Important™; 1 for
“Somewhat Not

((>)<1123 Opinion on separate | — Somewhat Not Important | Important™; 2 for
2) bicycle lane — Neutral “Neutral”; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
0 for “Not at All
Categorical Variables: Important”; 1 for
Xig o — Not at All Important “Somewhat Not
(Q16- O_plnlon on off-street | — Somewhat Not Important | Important”; 2 for
3) bicycle trails — Neutral “Neutral”; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
0 for “Not at All
Categorical Variables: Important”; 1 for
X1s o _ — Not at All Important “Somewhat Not
(Q16- Opinion on cycll_ng — Somewhat Not Important | Important”; 2 for
2) network connectivity | — Neutral “Neutral”; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
0 for “Not at All
Categorical Variables: Important™; 1 for
Opinion on bicycle | — Not at All Important “Somewhat Not
Xao | S hat Not Important | Important”; 2 for
(Q16- signage or omew p Important”;
5) designated bicycle — Neutral Neutral”; 3 for
traffic light — Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
0 for “Not at All
Categorical Variables: Important™; 1 for
. — Not at All Important “Somewhat Not
X21 | Opinion on secure ,
. . — Somewhat Not Important | Important”; 2 for
(Q16- | bicycle parking at N | “N 1 3§
6) LRT eutra eutral™; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
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0 for “Not at All
Categorical Variables: Important”; 1 for
X2z o _ — Not at All Important “Somewhat Not
(Q16- Opinion on b_|k_e — Somewhat Not Important | Important™; 2 for
7) share availability — Neutral “Neutral”; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”
0 for “Not at All
Categorical Variables: Important”; 1 for
X3 o _ — Not at All Important “Somewhat Not
(Q16- Oplmon on bicycle | — Somewhat Not Important | Important”; 2 for
8) repair station — Neutral “Neutral”; 3 for
— Somewhat Important “Somewhat
— Very Important Important”; 4 for
“Very Important”

In binary logit regression, one category variable can be set as a base group for comparison with
the other categories of variables in order to identify differences. In this thesis, the categorical
variables assigned the value “0” were established as the base group for comparison with the
other categories. For example, for Question 1, the “Kitchener” category was established as the

base group for comparison against “Waterloo” and “Out of the Waterloo Region.”

3.6.3 Variable Selection and Model Calibration in Logistic Regression

Zellner et al. (2007) identified three different variable selection methods in logistic regression
models: forward selection, backward selection, and stepwise selection. Forward selection
variables are added to a model one at a time; the variable with the highest correlation is added
first. In the backward selection method, variables are all included in a model, and then the
variable with the lowest correlation is eliminated after running the model. The regression
analysis will run until only one variable is left or until a stopping rule is satisfied for the research.

The third method, stepwise selection, is based on the forward selection procedure. However, at
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each step after running the model, the backward method is used to determine whether the
variables can be dropped from the model (Zellner et al., 2007). Sperandei (2014) suggested that
less significant variables should be dropped one after the one. If too many variables are included

all at once in a model, significant variables may drop due to lower statistical power.

In this study, SPSS software performed binary logit regression for this project’s data analysis.
The study’s 23 independent variables (X1 to Xz3) were used to conduct the first run. The model
was refined by dropping some of the independent variables and conducting a few more runs with
different independent variables after conducting a “bivariate” function to determine significant
associations between each independent and dependent variable. The researcher also used the
backward variable selection method to conduct model calibration, which eliminated the variable
with the highest p-value—or the most statistically insignificant variable—from each run until all
the variables left in the model were statistically significant after running the model. Pseudo R-
squared and 2 log-likelihood values were compared for each model. The better model with the
highest goodness-of-fit was selected for further interpretation. Each independent variable was
assigned a p-value and an odds ratio so that the factor’s significance level and the extent to

which respondents would choose bicycles as a feeder mode of transportation could be measured.
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Chapter 4: Research Findings

This chapter presents the results of this study’s data analysis. These findings were sufficient to
answer the project’s research questions. As the following sections explain, the findings discussed
in Section 4.1.1 answered the first research question, “What are the characteristics of current
LRT riders? What is their current travel behaviour? Do their households own any bicycles? For
what purposes do they use bicycles?”, while Sections 4.1.2 to 4.1.4 answered the second research
question, “What are current LRT riders’ attitudes toward bicycle infrastructure (e.g., bicycle
lanes, bike-shares, and bicycle parking)?” and Section 4.2 present findings that answer the third
research question, “To what extent will it encourage the current LRT riders to use bicycles as a
feeder mode of transportation to access or egress light rail stations? What can local governments

do to accommodate and encourage this usage?”.

4.1 Descriptive Statistical Analysis

4.1.1 Participants’ Sociodemographic Characteristics

At the end of the data collection period, a total of 265 surveys were collected via the online
survey platform Qualtrics, and a total of 250 surveys were valid after the data were imported into
the SPSS system. The 250 surveys represent about 10% of the total members of the Facebook
Group “I Support Light Rail Transit in the Region of Waterloo.” Table 4.1 summarizes

participants’ sociodemographic characteristics.

Among the 250 validated participants, at the time of their responses, 231 resided within
Kitchener and Waterloo, eight lived in Cambridge, four lived in the rest of the Waterloo Region,
and seven lived outside the Waterloo Region. The majority of participants were young adults

between the ages of 18 and 35, representing 210 responses.



Because this survey was conducted via the social media platform Facebook, many of the older
adults who ride LRT in the region—that is, riders who are older adults over 65—may not have
been approached effectively. Therefore, the study’s sample group may not reflect the actual age

demographics of the KW LRT ridership.

One hundred and ten validated participants were female, and 118 were male. Eighteen validated

participants were non-binary or third gender, and four participants did not disclose their gender.

The majority of participants had attended post-secondary institutions and received a diploma or a
degree. Of the participants, 12.4% had received a master’s degree or higher-level degree. In
comparison, 4.4% of the participants had only completed high school, and 0.8% of the

participants did not disclose their educational backgrounds.

The data also indicated that 36.8% of participants lived with their parents at the time of their
responses, while 24% lived with roommates. Further, 9.6% of participants lived alone, 8.8%

lived with partners and no children, and 20% lived with at least one child in their household.

In the annual household income before tax category, 61.6% of participants reported an annual
household income below $49,999, 22.4% of participants earned $50,000 to $69,999, and 12.4%

of participants’ annual household income exceeded $70,000.

Table 4.1. Participants’ sociodemographic characteristics

- - ot All Participants

Sociodemographic Characteristics (n = 250)
Kitchener 69.6%
_ Cambridge 3.2%
Q1: Location Waterloo 22.8%
The Rest of the Waterloo Region 1.6%
Outside of the Waterloo Region 2.8%
18-24 34.0%
Q2: Age Group | 2529 30.0%
30-34 20.0%
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35-39 11.2%

40-49 3.6%

50-59 0.8%

60 or over 0.4%

Female 44.0%

Q3: Gender Male 47.2%
Non-Binary or Third Gender 7.2%

Prefer Not to Answer 1.6%

Master’s Degree or Ph.D. 12.4%

Bachelor’s Degree or Similar 51.6%

Q4: Education College Diploma 30.8%
High School 4.4%

Prefer Not to Answer 0.8%

Single or Live Alone 9.6%

Live with Parent(s) 36.8%

Q5: Household Live with Roommate(s) 24.0%
Structure Lone Parent with Child(ren) 11.6%
Live with Partner but No Child 8.8%

Live with Partner with Child(ren) 8.4%

Prefer Not to Answer 0.8%

Less than $29,999 28.8%

$30,000-$49,999 32.8%

Q6: Household | $50,000-$69,999 22.4%
Income $70,000-$99,999 7.6%
$100,000 or More 4.8%

Prefer Not to Answer 3.6%

4.1.2 Participants’ Intercity Travel Behaviour

The study’s survey asked participants about their intracity travel behaviour using LRT before the
COVID-19 pandemic had begun. During the COVID-19 pandemic, many people’s travel
behaviours changed due to many restrictions, such as public agencies’ closure, social distancing

rules, and working from home instead of commuting to a workspace.

Figure 4.1 shows participants’ primary purpose in using LRT services, and 92.8% of participants

used LRT primarily for work or school. In comparison, the remaining 7% of participants
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indicated that they used LRT for other activities, such as grocery shopping, accessing

entertainment, recreation, leisure facilities, visiting the hospital, and visiting friends and family.

Figure 4.1 Participants’ primary purpose in using light rail transit services

= Commute for work
= Commute for school
Grocery shopping
To access entertainment/ recreation/

leisure facility

m Others (visiting hospital, visiting
friends and family etc.)

The survey also asked participants how frequently they used LRT, and Figure 4.2 below
illustrates this usage frequency. More than 64% of participants used LRT more than three times a
week or daily, 25.2% of participants used LRT between one and three times a week, and 10.4%
of participants used the service less than once a week. Participants who used LRT for work or
school purposes typically tended to use the service more. However, some participants who chose
primary purposes other than work or school were also using LRT services frequently—for
example, for health purposes, such as visiting hospitals or accessing recreation facilities (gym,

sports complexes, etc.).
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Figure 4.2 Frequency of participants’ light rail transit usage

50.0%
45.0%
40.0%
35.0%
30.0%

25.0%

20.0%

15.0%

10.0%
5.0% .
0.0%

Daily More than 3 times a week 1 to 3 times a week Less than once a week

The survey asked participants to indicate how they arrived and departed from LRT stations.
Table 4.2 displays the proportion of participants who used different modes of transportation for
such access and egress. Of the participants, 29.6% walked to LRT stations while 27.6% cycled to
LRT stations. Moreover, 40.4% of participants stated that they used public transit—such as
GRT, GO Transit, or other regional transit—to access LRT stations. Only 2.4% of the
participants indicated that they used private cars or rideshares. This study’s finding that many
LRT riders use public transit to access LRT stations was unsurprising; GRT, one such public
transit option, had changed some of its bus routes and networks to better integrate with LRT
stations since the region’s LRT service launched in 2019, improving riders’ transfer experience
between these two different modes of transportation. For egress modes of transportation, 31.2%
of participants walked to their destination from LRT stations, while 28% cycled. 36.4% of
participants used public transit to reach their destinations, and 4.4% used private cars or

rideshares.
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Table 4.2 Proportion of each access and egress mode

Access mode Frequency | Percentage | Egress mode Frequency | Percentage
Walk 74 29.6% Walk 78 31.2%
Bicycle 69 27.6% Bicycle 70 28.0%
Bus (GRT, GO Bus (GRT, GO

Transit, Transit,

Greyhound, or 101 40.4% Greyhound, or 91 36.4%
other regional other regional

transit) transit)

Automobile or car Automobile or car

drop-off (Private Drop-Off (private

Vehicles, Taxis, 6 2.4% vehicles, Taxis, 11 4.4%
Uber, Carpooling, Uber, carpooling,

etc.) etc.)

Total 250 100.0% Total 250 100.0%

Table 4.3 presents a cross-tabulation analysis of participants’ access and egress modes of
transportation to and from LRT stations (p = 0.000). A p-value less than 0.05 indicates a
statistically significant association between two variables. Among all participants, only 63.2%
(158) used the same feeder mode to access and egress LRT stations. Among these participants (n
= 158) who used the same mode on both ends of their LRT trips, 25.9% used bicycles to access
and egress LRT stations. The remaining 36.8% of participants used mixed feeder modes such as
combing bus and walk or bicycle and walk for this purpose (n = 92). Among the 92 participants
who used mixed feeder modes on both ends of these trips, 28% used bicycles (n = 23), 30.4%
walked (n = 28), 41.3% used bus (n = 38), and 3.3% used automobile or car drop-off (n = 3) to
either access or egress LRT stations. By breaking down into specific feeder mode combinations,
the five most used mixed feeder mode combinations for access-egress the LRT stations are bike-

bus (n = 18), bus-walk (n = 17), walk-bike (n = 15), bus-bike (n = 13), and bike-walk (n = 10).
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Table 4.3 Cross-tabulation of participants’ light rail transit station access and egress

Egress mode to destination
Automobile
Bus (GRT, or car drop-
GO Transit, off (private | Total
Walk | Bicycle | Greyhound, or vehicles,
other regional | taxis, Uber,
Transit) carpooling,
etc.)
Walk ol 15 8 0 74
Bicycle 10 41 18 0 69
Access | Bus (GRT, GO transit,
Mode | Greyhound, or other 17 13 63 8 101
from | regional transit)
Home " jtomobile or car
drop-off (private
vehicles, taxis, Uber, 0 . 2 3 6
carpooling, etc.)
Total 78 70 91 11 250

Table 4.4 demonstrates participants’ sociodemographic differences and four identified access
modes of transportation to LRT stations by comparing sociodemographic data corresponding to
each access mode with the overall responses data (Table 4.1). Buses, including local and regional
buses, were the most popular option among the 40.4% of the study’s total participants. Among
the participants who used buses to access LRT (n = 101), 42.6% were aged 18 to 24, 8.6% more
than such users across all the survey’s age groups. Additionally, 73.3% of participants who used
buses to access LRT stations lived in the City of Kitchener—3.7% more than such users across
all of the survey’s places-of-residence groups. Lastly, 43.6% of participants who used buses to
access LRT stations lived with a parent or parents—6.7% more than such users across all of the

survey’s household groups.
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Walking was participants’ second-most-popular mode of transportation to access LRT stations,
representing 29.6% of total participants. Among these participants, 31.1% lived in the City of
Waterloo, 8.3% more than the overall sampled population’s percentage. Compared to the City of
Kitchener, the survey results indicated that the City of Waterloo is home to a higher proportion
of participants who choose to walk as their mode of transportation to access LRT stations. By
further conducting a cross-tabulation analysis among the access mode, location, and the distance
between home location and LRT stations, the results showed that a higher proportion of the
participants in Waterloo lived within 1 kilometre from the LRT stations. Participants who lived
with a partner but not a child represented 17.6% of the participants who walked to LRT
stations—38.8% more than participants with such households than the overall data’s group.
Moreover, the participants who “lived with a partner but no child” accounted for the highest
proportion of those who chose walking as a LRT access mode among all types of family
structures included in the survey, and this proportion was more than two times higher than the

corresponding proportion of participants who lived with a partner and a child or children.

Biking was the third-most popular mode of transportation among the four identified access
modes, representing 27.6% of the total sampled population. Participants’ genders among the
bicycle riders were very closely aligned with the overall sampled population. Male participants
accounted for a slightly higher proportion of this group than female participants. Participants
who were lone parents with a child or children accounted for a higher proportion of bicycle use
compared to participants with other types of family structures and compared to the overall
sampled population. Using automobiles, carpools, or car sharing to access LRT stations,
unsurprisingly, ranked last among all access modes, representing only 2.4% of the total sampled

population.
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Table 4.4. Light rail transit access modes by participants’ sociodemographic characteristics

Light Rail Transit Access Mode from Home
Sociodemographic Characteristics Walk ) _
(n= Bicycle | Bus (n Automobile or
74) (n=69) | =101) Carpool (n =6)
Kitchener 63.5% | 69.6% | 73.3% 83.3%
Cambridge 1.4% 7.2% 2.0% 0.0%
_ Waterloo 31.1% | 23.2% | 16.8% 16.7%
i boeation waetgflsotooger;on 54% | 0.0% | 4.0% 0.0%
\?V‘;tf;ﬂgggggeion 27% | 00% | 50% 0.0%
18-24 324% | 23.2% | 42.6% 33.3%
25-29 32.4% | 31.9% | 26.7% 33.3%
30-34 20.3% | 24.6% | 15.8% 33.3%
Q2: Age group | 35-39 8.1% 15.9% | 10.9% 0.0%
40-49 5.4% 1.4% 4.0% 0.0%
50-59 1.4% 1.4% 0.0% 0.0%
60 or Over 0.0% 1.4% 0.0% 0.0%
Female 459% | 435% | 42.6% 50.0%
Male 48.6% | 46.4% | 46.5% 50.0%
Q3: Gender gle%rggrinary or Third 41% | 72% | 9.9% 0.0%
Prefer Not to Answer 1.4% 2.9% 1.0% 0.0%
Master’s or Ph.D. 18.9% | 10.1% 7.9% 33.3%
Bachelor’s Degree or
Similar 48.6% | 44.9% | 58.4% 50.0%
Q4: Bducation "= 1006 Diploma 243% | 37.7% | 31.7% 16.7%
High School 6.8% 7.2% 1.0% 0.0%
Prefer Not to Answer 1.4% 0.0% 1.0% 0.0%
Q5: Household | Single or Live Alone 149% | 8.7% 5.0% 33.3%
structure Live with Parent(s) 31.1% | 36.2% | 43.6% 0.0%
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Live with Roommate(s) | 20.3% | 23.2% | 28.7% 0.0%

('E‘r’]?lzggf)”t with 8.1% | 17.4% | 8.9% 33.3%

h'!i:ﬁv.'fdh Partnerbut | 12 eor | 5896 | 50% 0.0%

'c-:'r‘]’lf d"("r';L‘)Pa””er WIth | 606 | 8.7% | 7.9% 33.3%

Prefer not to Answer 1.4% 0.0% 1.0% 0.0%

Less than $29,999 31.1% | 23.2% | 30.7% 33.3%
$30,000-$49,999 28.4% | 33.3% | 35.6% 33.3%

Q6: Household | $50,000-$69,999 17.6% | 26.1% | 23.8% 16.7%
income $70,000-$99,999 6.8% | 10.1% | 5.9% 16.7%
$100,000 or More 9.5% 4.3% 2.0% 0.0%

Prefer Not to Answer 6.8% 2.9% 2.0% 0.0%

The survey also asked participants to indicate the distance between their home and LRT stations,
and Figure 4.3 below illustrates the answers to this question. Only 4.4% of participants lived
more than 3 kilometres away from LRT stations. Additionally, 68.4% of participants lived
between 501 metres and 3,000 metres away from LRT stations, which was considered a
comfortable biking distance. The 27.2% of participants living within 500 metres of LRT stations
were most likely to walk to LRT stations, due to their close proximity. The majority of
participants lived within 3 kilometres of LRT stations, a proximity that provides great potential
to promote bicycles as an alternative mode of transportation, offering timing flexibility compared

to buses.
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Figure 4.3 Distance between participants’ homes and light rail transit stations

More than 5,000 meters 1.6%

3,000 — 5,000 meters 2.8%

1,501 — 3,000 meters 9.2%
1,001 - 1,500 meters 26.0%
501 — 1,000 meters 33.2%
Less than 500 meters 27.2%
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

4.1.3 Bicycle Ownership and Frequency of Use

This study’s survey asked participants whether they owned a working bicycle and, if so, their use
frequency of that bicycle. Tables 4.5 (p < 0.01) and 4.6 (p < 0.01) show the bicycle ownership
results among participants and their frequency of use. Of the participants, 35.2% stated that they
owned a working bicycle, while 64.8% stated that they did not own a working bicycle. An
examination of the participants’ sociodemographic data revealed that, among the 110 female

participants, 40.9% owned a bicycle, compared to 31.4% of the male participants.

Moreover, an examination of participants’ household structures revealed that only 33.9% of
participants who lived with a parent or parents, a roommate or roommates, or a partner owned a
bicycle, while 48% of participants who lived with a partner and a child or children owned a
bicycle. The lowest bicycle ownership percentage by household structure type correlated with

participants who were single or lived alone, of whom only 20.8% owned bicycles. Participants’
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bicycle ownership proportion increased with their income levels; 58% of participants with a

household income of $70,000, or more per year owned a bicycle in their household.

Table 4.6 shows the frequency of participants who used bicycles for different purposes. More
than 67% of participants (n = 247) used a bicycle more than once a week to commute to work or
school, and almost 64% of participants (n = 242) used a bicycle more than once a week for
recreational or exercise purposes. Only 53.2% of the participants (n = 239) stated that they used

bicycles more than once a week for other trips, such as shopping or visiting friends and family.

Table 4.5. Selected sociodemographic data and participants’ bicycle ownership cross-

tabulation
Bicycle Ownership
No Yes

Gender Female 59.09% 40.91%
Male 68.64% 31.36%
Single or Live Alone 79.17% 20.83%
Household Live with Parent(s), Roommate(s), or a 66.09% 33.91%

structure Partner
Parent(s) Who Live with Child(ren) 52.00% 48.00%
Less than $49,999 70.13% 29.87%
Household | $50,000-$69,999 62.50% 37.50%

income

$70,000 or More 41.94% 58.06%
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Table 4.6. Participants’ frequency of bicycle uses for different purposes

Purposes of bicycle use (Percentage)
Frequencij)g:f bicycle Work or School Recreation or Exercise | Other Activities
(n=247) (n=242) (n =239)

Three times a week or 23,504 19.8% 17.6%
more

Once a week or more 43.7% 43.8% 35.6%
Once a month or more 11.3% 22.7% 28.0%
Less than once a month 21 5% 13.6% 18.8%

or never

4.1.4 Bicycle Infrastructure and Attitudes towards Bicycles

Survey participants were asked to rank different bicycle infrastructure elements’ importance
according to their own opinions, with five options: very important, somewhat important, neutral,
somewhat not important, and not at all important. Likert values were applied to these options,
with very important assigned a score of 5 and not at all important assigned a score of 1. Table

4.7 below shows the mean scores for participants’ attitudes towards bicycle infrastructure.

Both on-street painted bicycle lanes and separate bicycle lanes received scores higher than 4,
which shows that these infrastructure elements received a higher score among participants who
stated somewhat important as the original statement. Therefore, participants thought that on-
street painted bicycle lanes and separate bicycle lanes were the most important elements among
all the survey’s bicycle infrastructure elements. Off-street bicycle lanes (multi-use trails), cycling
network connectivity, bicycle lane signage, and designated signals for bicycle lanes received
mean scores between 3.9 and 4—only slightly lower scores than the two on-street bicycle lanes’

scores. Secure bicycle parking, bike shares availability, and bicycle repair stations received
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scores between 3.6 and 3.8. These values show that participants considered these elements less
important than the other bicycle infrastructure included in the survey. However, these scores

nonetheless exceeded 3.5, skewing slightly toward the somewhat important category.

Overall, participants assigned all bicycle infrastructure elements a higher-than-neutral score. This
result was unsurprising because active transportation and movement have been actively
promoted in the Region by the regional government (Region of Waterloo, 2019). More
participants considered bicycle infrastructure essential because they currently used bicycles or
might consider using bicycles in the future. The mean score tables’ Cronbach’s alpha (reliability
statistics testing) was 0.775, which indicates that the data may be considered reliable (Glen,

2020).

Table 4.7. Mean scores for participants’ attitudes towards bicycle infrastructure

Standard
Bicycle infrastructure elements Mean deviation
On-street painted bicycle lanes 4.19 0.818
Separate bicycle lanes 4.07 1.017
Off-street bicycle lanes (multi-use trails) 3.95 1.11
Cycling network connectivity 3.98 1.103
Eiicc;/((::lls II:r?:Ssignage and designated traffic signals for 39 1019
Secure bicycle parking 3.76 1.03
Bike-share availability 3.69 1.077
Bicycle repair stations 3.6 1.096
Cronbach’s alpha (reliability statistics) 0.775
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Figure 4.4 Participants’ household incomes and attitudes towards designated bicycle

signage and traffic signals

$70,000 or more

Household Income

Less than $49,999

$50,000 - $69,999 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

= Not at all important = Somewhat not important Neutral Somewhat important = Very important

Figure 4.4 depicts a cross-tabulation between participants’ household incomes and attitudes
toward different bicycle infrastructures in (p < 0.05). Participants with low household incomes
(less than $49,999 per year) reflected a higher proportion of somewhat important and very
important ratings for designated bicycle signage and dedicated traffic signals compared to the
other participant groups. However, the high-income group ($70,000 or more per year) included a
higher proportion of the participants who valued bicycle infrastructure as not at all important or
somewhat not important. Similar results were also found in participants’ attitudes towards
bicycle repair stations, bike-share availability, and secure bicycle parking (see the figures in
Appendix A). Although the high-income group has a higher bicycle ownership, the participants
in the group valued the bicycle infrastructure less. On contrary, the result showed that low-
income group that has lower bicycle ownership valued bicycle infrastructure more, this result

leads to bicycle affordability, and bicycle and bicycle infrastructure accessibility issues.
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4.2 Potential Future Use of Bicycles as a Feeder Mode of Transportation to
Access Light Rail Transit Stations

Question 14 in this study’s survey used a multiple response format to ask participants why they
felt discouraged from using bicycles as a feeder mode of transportation to access LRT stations.
Figure 4.5 below shows the frequency of reasons that participants identified in response to this
question. Of the study’s 250 participants, 64.8% selected “I do not own a bicycle” as one

discouraging factor.

Besides not owning a bicycle, participants also stated that they had no bike shares available near
their home (30.8%), no nearby designated bicycle lanes leading to LRT stations (28%), no
bicycle parking near LRT stations (24.8%), and not feeling safe cycling on the road (22.4%) as
some factors that discouraged them from using bicycles as a feeder mode of transportation to
access LRT stations. All of these reasons were related to a lack of bicycle infrastructure that

would provide a safe, reliable cycling environment.

Participants also indicated road conditions and limited space on LRT vehicles as reasons that
discouraged them from using bicycles as a feeder mode of transportation to access LRT stations.
The LRT vehicle currently used by the ION LRT includes four areas featuring bicycle decals
(one bicycle per person per area) designated for people who carry their bicycles onto LRT
vehicles (Grand River Transit, 2020). These designated areas also serve as priority seating areas
for people with disabilities, older adults and people with mobility difficulties. Most participants
used LRT for work or school purposes, which may have discouraged them from using bicycles

or carrying bicycles onto trains during rush hours because of crowding.

80



Figure 4.5 Reasons for participants’ discouragement from using bicycles to access light rail

transit stations
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60.0%
50.0%
40.0%

30.0%

20.0%
N I I I I . .
o . i

Discouraging Reasons
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m Does not feel safe. m Does not like to bike.

m Does not know how to ride. m Bike theft concerns.

m Limited space for bike on the LRT. m |ack of ability to carry items by using a bike.

Question 15 in this study’s survey used a multiple-response format to ask participants to provide
different potential reasons for their encouragement to use bicycles as a feeder mode of
transportation to access LRT stations. This question asked them to select one or more reasons
that would encourage them to use bicycles as a feeder mode for this purpose in the future. Figure
4.6 below illustrates the responses to this question. Of the survey’s 250 validated participants,
nearly half (49.2%) selected “more protected bicycle lanes or painted bicycle lanes that lead to
LRT stations” as a potential factor that could encourage them to use a bicycle for this purpose.
Many participants also stated that a better cycling network around LRT stations (41.6%),

additional bicycle parking at LRT stations (36%), and bike-share services’ expansion (30.8%)
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would encourage them to use bicycles as a feeder mode of transportation to access LRT stations.
Notably, 27.1% of participants stated that they would like to take bicycle learning and cycling
safety programs provided by the municipal governments. Only 13.6% of participants reported
thinking that programs that helped increase automobile drivers’ awareness of sharing the road

with cyclists would encourage them to use bicycles.

Figure 4.6 Reasons for participants’ encouragement to use bicycles to access light rail

transit stations
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Table 4.8 (p < 0.01) compares the reasons cited as discouraging by bicycle owners and non-
bicycle owners. This comparison clearly illustrates the difference between these two groups.
Participating bicycle owners were more likely discouraged for practical reasons after they began
owning a bicycle, such as bicycle theft concerns, limited space on LRT vehicles, and road
conditions. Besides not owning a bicycle, non-bicycle owners tended to cite discouraging

factors, such as a lack of bike shares available around their homes. Many non-bicycle owners
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also stated that no nearby designated bicycle lane was connected to LRT stations and that they
worried about not having enough bicycle parking at LRT stations. Some participating non-
bicycle owners stated that they did not like to bicycle; however, some stated that they did not
know how to bicycle. Both groups included similar numbers of participants who felt unsafe

bicycling on roads.

Table 4.8 Cross-tabulation: participants’ bicycle ownership and reasons discouraging

bicycle use to access light rail transit stations

Discouraging Reasons
No No
Don't know | Don't like bikeshare designated | No bike parking at
how to ride to bike . bike lane to LRT
available
LRT
Bicycle
Owners 12.5% 11.4% 26.1% 33.0% 29.5%
(n=88)
Non-bicycle
owners 17.9% 25.9% 33.3% 25.3% 22.2%
(n=162)
Discouraging Reasons
Lack of
Don't feel ability to . -
safe bike on carry Bike theft | Limit space Road Condition
. concerns on LRT
the road items by
bikes
Bicycle
Owners 30.7% 17.0% 30.7% 25.0% 14.8%
(n=88)
Non-bicycle
owners 17.9% 6.8% 8.0% 3.7% 4.9%
(n=162)

Table 4.9 (p < 0.01) shows that, among the elements noted in this study’s survey that would

encourage bicycle owners to use bicycles as a feeder mode of transportation to access or egress
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LRT stations, more protected bicycle lanes and a better cycling network were the two most-

chosen elements. Non-bicycle owners chose more protected bicycle lanes the most among the

available encouraging reasons. Besides additional bicycle parking, this group also chose bike-

share expansions and a better cycling network. Lastly, local-government bicycle learning

programs were also chosen as a potential encouraging reason.

Table 4.9 Cross-tabulation: participants’ reasons encouraging bicycle use to access light

rail transit stations by bicycle ownership status

Encouraging reasons

owners (n = 162)

Bike More Additional Better Bicycling Driver
share | protected . . .
. ; bicycle cycling learning awareness
eXpansl bicycle arkin network rogram rogram
on lanes P g prog prog
Bicycle owners
22.7% 45.5% 31.8% 47.7% 22.7% 14.8%
(n=88)
Non-bicycle | 35505 | 51.206 38.3% 38.3% | 25.9% 13.0%

Question 17 of this study’s survey asked participants whether they were willing to use bicycles

as a feeder mode of transportation in the future as the local government continued to implement

additional bicycle infrastructure in the region, providing a better cycling environment. Figure 4.8

illustrated the survey’s results about such future potential bicycle use. Of participants, 85.3% (n

= 225) stated that they were willing to try using bicycles for this purpose, and 14.7% stated that

they would continue to use the same feeder mode they were currently using for this purpose.
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Figure 4.7 Participants’ willingness to use bicycles as a feeder mode of transportation in the

future

mYes mNo

Table 4.9 presents a cross-tabulation between participants’ potential use of bicycles as a feeder

mode of transportation to access or egress LRT stations and the encouraging reasons cited for

this use. The participants who expressed an intention toward such use chose more protected

bicycle lanes, a better cycling network, and additional parking near LRT stations as their top-

three encouraging factors among the survey’s six options.

Table 4.10 Participants’ potential future use of bicycles as a feeder mode of transportation

to access or egress LRT stations and the reasons encouraging this use.

Encouraging reasons

: More Additional | Better | Bicycling Driver
Bike share . ) .
. protected bicycle cycling | learning | awareness
expansion : .
bicycle lane parking network | program | program
Future | No 4 11 6 13 4 6
potential
use Yes 67 99 75 81 51 27

Table 4.9 presents selected results of a cross-tabulation analysis between participants’ future use

of bicycles as a feeder mode of transportation to access LRT stations, their current travel
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behaviours, and their frequency bicycle use for different purposes. As the table shows, no strong
association was observed between this potential future use and the distance between participants’

homes and LRT stations (p = 0.072).

The survey’s Question 18 asked participants to provide feedback about their reasons for their
response to Question 17. A total 53 participants provided comments in response to this question.
Participants who expressed wanting to try using bicycles as a feeder mode of transportation to
access or egress LRT stations in the future provided the following quotations:

e  “Would try if the weather is nice.”

e “If there are more protected bicycle lanes.”

e “If there are programs teaching adult biking.”

e “If bike prices go down after the pandemic or bike shares expand to the nearby location.”

e “Better cycling infrastructure near Fairway Road.”

e “Environmentally friendly and good for health.”

e “The new bike lane around my neighbourhood can let me bike to more places now.”
Some participants who stated that they would continue using the same feeder mode of

transportation to access or egress LRT stations in the future stated:

e “Ilive aclose distance from ION.”

e “Ilive in Cambridge, which is too far to bike to ION.”
e “Itis uncomfortable to hold bikes on ION.”

e “ldon’t like cycling.”

e ‘| do not use bike shares.”
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4.3 Binary Logit Regression Analysis

4.3.1 Binary Logistic Modelling Calibration

Before conducting a modelling calibration, the researcher conducted a correlation analysis
between Q17 and the other survey questions to simplify the modelling process. Table 4.10 shows
the results of this correlation analysis. Questions that correlated with Q17 at a 0.1 significance

level or a 0.05 significance level were used in the binary regression.

As Table 3.2 in Chapter 3 shows, the first step in this process was performing a binary logit
regression with all identified independent variables and dependent variables, using SPSS. A
correlation analysis was then completed, which provided individual significance levels between
the independent variables and dependent variables. Then, once the correlation analysis was
completed, only questions with a significance level of p < 0.1 were chosen for a second run. The
same procedures were conducted for the third and fourth runs of this analysis, with different
significance levels. In the fifth run, the researcher used only sociodemographic variables to
conduct a regression analysis. The sixth run only used travel behaviour variables to conduct a
regression analysis model. Lastly, the seventh run was based on the fourth run (all variables had
a significant association with dependent variable Y and p < 0.01) to further eliminate variables

from the variable set until all the regression variables stood at p < 0.1.

During the different runs, Hosmer and Lemeshow tests were used to determine whether the
model was correctly specified. In general, if a p < 0.05 after running a test, the model is biased
and should be rejected (Glen, 2020). All the testing models for these tests had higher p-values,
which meant that the model was less likely to be biased. The values of the 2-log likelihood and
Nagelkerke R-squared tests were noted under the model summary in Table 4.10 and were

compared to determine which model best fit the data. The Nagelkerke R-squared test indicates
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approximately how well the model fit the logistic regression analysis dataset—unlike the R-
squared test in the linear regression analysis—which could explain the proportion of variance in
the dependent variables explained by the predictors. A higher value for the Nagelkerke R-
squared test indicates a better model, while the 2-log likelihood would be smaller (UCLA, 2011;
Long, 1997). Among the logit models, the first benchmark model had the lowest 2 log likelihood
and the highest Nagelkerke R-squared values. This result was unsurprising, since it suggests that
all the identified factors influenced participants’ future decisions to use bicycles as a feeder mode

of transportation to access or egress LRT stations.
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Table 4.11 Binary logit model calibration

Number of Hosmer and
Model | independent _ Included Model summary Lemeshow Test
. independent i

number | variables variables 2 Log Nagelkerke | Chi- | .| p-

included Likelihood | R-Squared | Square value

1 23 All 75.719 0.603 2121 | 8 |0.977
Q1, Q6, Q7, Q8,
Q11, Q12, Q13-

2 11 10133 0165, | 97136 0.466 | 2.796 | 8 |0.947
Q16-7, Q16-8
Q1, Q6, Q7, Q8,
Q11, Q13-1,

3 10 0is-3 0165, | 97235 0.465 | 2.721 | 8 | 0.951
Q16-7, Q16-8
Q1, Q6, Q7, Q8,
Q13-1, Q13-3,

4 9 0165 0167 | 97252 0.465 | 3.557 | 8 | 0.895

Q16-8

5 7 Q1-Q6, Q11 155.039 0.216 3.659 | 8 |0.887

6 4 Q7-Q10 165.986 0.162 11.474 | 8 | 0.176
Q1, Q8, Q13-1,

7 5 0165 Q167 | 115734 0.352 | 4453 | 8 |0.816

4.3.2 Results of the First Binary Logit Model

As discussed in Section 3.6, when dependent variables have only two outcomes, binary logistic

regression analysis may be used in regression analysis (Tranmer & Elliot, 2008). Table 4.11

shows the binary logistic regression analysis results between the dependent variable and all the

independent variables. Some influencing factors affected LRT riders’ decisions to potentially use

bicycles as a feeder mode of transportation to access LRT stations. At a significance level of
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0.01, the frequency of using LRT services positively affected the participants’ potential to use
bicycles for this purpose. Participants were 5.2 times more likely to use bicycles for this purpose
if they increased their frequency of LRT use by one level; the more frequently riders used LRT
services, the greater their likelihood of using bicycles as their feeder mode of transportation to
access LRT stations. Based on the participant” opinions on on-street bicycle lanes, separated
bicycle lanes, bicycle signage, cycling network connectivity, and designated bicycle traffic
signals and the relationship associated with the likelihood of future usage. The more important
participants thought such bicycle infrastructure was, the more likely they would use bicycles as
their feeder mode of transportation to access or egress the LRT stations. For example,
participants who thought bicycle parking at LRT stations was very important were 6.4 times
more likely to use bicycles as their feeder mode of transportation to access or egress LRT
stations, compared to participants who chose somewhat important for this element. Surprisingly,
separate bicycle lanes and on-street painted bicycle lanes were not the most influential bicycle
infrastructure elements. Other significant factors (p < 0.05) included location. Unsurprisingly,
compared to participants who lived outside of KW, the participants who lived in the City of
Kitchener were more likely to use bicycles as their feeder mode of transportation to LRT.
Participants who lived outside of the KW had to rely on automobile or bus services to be able to
access LRT stations from home due to the long distance of travel compared to the participants
who lived in the City of Kitchener. Further, the current cycling network connection between KW
and the surrounding areas is limited. Lastly, some independent variables may have affected
participating riders’ decisions (p < 0.1), such as household income, bicycle ownership, and

bicycle usage frequency for recreational or exercise purposes.
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Table 4.12 Results of the First Binary Logit Model

91

Variables B S.E. Wald df Sig. Exp(B)

X1 6.750 2 0.034**

X1(1) -1.727 1.114 2.401 1 0.013** 0.178

X1(2) -4.207 1.647 6.526 1 0.011** 0.015
X2 0.188 0.660 0.081 1 0.776 1.207
X3 1.630 2 0.443

X3(1) 0.890 0.757 1.383 1 0.240 2.434

X3(2) 1.205 1.641 0.539 1 0.463 3.336
X4 2.557 2 0.278

Xa(1) 0.843 1.115 0.572 1 0.450 2.324

Xa(2) -1.475 1.693 0.759 1 0.384 0.229
Xs 0.912 2 0.634

Xs(1) -0.626 1.402 0.199 1 0.655 0.535

Xs(2) 0.323 1.691 0.036 1 0.849 1.381
Xs -0.978 0.573 2.919 1 0.088* 0.376
X7 2.567 2 0.277

X7(1) -1.320 0.950 1.932 1 0.165 0.267

X7(2) -1.435 1.427 1.011 1 0.315 0.238
Xs 1.646 0.547 9.065 1 0.003*** 5.184
Xo 1.862 2 0.394

Xo(1) -0.270 1.148 0.055 1 0.814 0.763

Xo(2) -1.431 1.193 1.439 1 0.230 0.239
X10 0.040 2 0.980

X10(1) -0.057 1.187 0.002 1 0.962 0.944

X10(2) 0.121 1.092 0.012 1 0.911 1.129
X1 0.117 0.737 0.025 1 0.874 1.124

Xi12(1) 1.504 0.893 2.839 1 0.092* 4.502
X13 -0.805 0.972 0.686 1 0.407 0.447
Xia 1.646 0.996 2.732 1 0.098* 5.186
Xis -0.272 0.874 0.097 1 0.756 0.762




Xi6 0.016 0.414 0.002 1 0.009*** 1.016
X7 0.011 0.481 0.001 1 0.001*** 0.989
Xis 0.048 0.450 0.012 1 0.914 1.050
X19 1.572 0.565 7.745 1 0.005*** 0.208
X20 1.857 0.619 8.999 1 0.003*** 6.407
X1 0.280 0.368 0.579 1 0.447 1.323
X22 1.477 0.557 7.016 1 0.008*** 4.378
X23 -0.201 0.374 0.289 1 0.591 0.818
Constant -2.991 3.239 0.853 1 0.356 0.050

*** Significance level less than 1%.

** Significance level less than 5%.

* Significance level less than 10%.

Y is the dependent variable.

Model’s percentage estimated correctly: 89.1%.

4.3.3 Backward Method Implications

Although the first binary logit model had the best fit among all the tested models, notably, the
seventh model used a backward method to eliminate one least significant variable at a time until
all variables were significant after running the model. Table 4.12 shows that the model included
only X1 (location), Xs (frequency of using LRT), X13 (frequency of using bicycles for work or
school), X20 (opinion on bicycle signage), and X22 (opinion on bike share availability). The
results of the regression were all significant at p < 0.1. These five variables can, therefore, be
understood to have a stronger impact compared to other variables on participants’ decisions for
whether to use bicycles as a feeder mode of transportation to access or egress LRT stations in the

future.
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This model’s results showed that current LRT riders who used LRT more frequently were more
likely to try using bicycles as a feeder mode of transportation to access or egress LRT stations in
the future, while riders who used bicycles frequently for work or school purposes were less likely
to consider switching their current mode choices. Moreover, LRT riders who considered bicycle
signage and availability of bike shares to be essential were more likely to try using bicycles as a

feeder mode to access or egress LRT stations in the future.

Table 4.12 Binary logit model results using backward method

B S.E. Wald df Sig. Exp(B)

X1 10.215 2 0.006
X1(1) -0.862 0.586 2.167 1 0.014 0.422
X1(2) -2.615 0.822 10.128 1 0.001 0.073
Xs 0.889 0.268 10.964 1 0.001 2.432
X13 -0.894 0.515 3.008 1 0.083 0.409
X20 0.396 0.233 2.886 1 0.089 1.487
X22 0.655 0.242 7.298 1 0.007 1.925
Constant -1.213 0.821 2.179 1 0.140 0.297
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Chapter 5: Discussion

This chapter comprises two sections, beginning with a discussion of the quantitative analysis
findings from Chapter 4 and how they align with the academic literature reviewed in Chapter 2.
This first section is followed by a discussion of the extraneous findings of the current research,

this study’s limitations, and future research opportunities.

5.1 Findings

5.1.1 Key Findings on Participating Current Riders’ Sociodemographic Characteristics

This study’s survey participants were mostly between 18 and 39 years of age. Male riders
slightly outnumbered female riders among the study’s participants. Most of the participating
riders had obtained a post-secondary diploma or degree, and more than half of the participants
lived with a parent (or parents) or roommate (or roommates) and had household gross incomes
lower than $69,999 per year. Moreover, most of the survey’s participants used LRT services for
work or school purposes. More than half of the participants had used LRT more than three times
a week before the pandemic. A large proportion of participants lived within a 3-kilometre range
of LRT stations. The current LRT riders who participated in this study were less likely to use
automobiles and most likely to use buses as a feeder mode of transportation to access and egress
LRT stations. Male LRT riders were shown to be more likely to use bicycles to access LRT
stations than female riders, but male riders were less likely to walk to LRT stations than their
female counterparts. Only a minor gender difference was observed in the participants’ use of

buses or automobiles.

Survey participants were also asked to state the distances between their homes and LRT stations.

A majority of 98.4% of participants stated that they lived within a 5-kilometre catchment area,
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which has been noted as suitable for bicycle use as an access mode to transit stations (Griffin &
Sener, 2016; Djurhuus et al., 2014; Zuo & Wei, 2019; Wu et al., 2019; Bracher, 2000; Rietveld,
2000; Hochmair, 2015). This finding is also consistent with the corresponding 3.8-kilometre
results from surveys in the City of Kitchener’s “Cycling and Trails Master Plan” (2020).
Therefore, this study indicates great potential for bicycle use as a feeder mode to access LRT

stations and replace other modes of transportation in the KW region.

5.1.2 Bicycle Ownership and Frequency

Among this study’s survey participants, only 35% had bicycles in their household, and average
weekly bicycle usage remained low. Most participants used bicycles once a week or less. Both
bicycle owners and non-bicycle owners in this study indicated that bicycle infrastructure was
important. Female respondents were more likely to own bicycles in their households and to cycle
for recreational, exercise, or other purposes once or more every week. Younger adults, between
18 and 39 years of age were shown to be more likely to own a bicycle in their household and to
cycle once a week or more for all kinds of surveyed activities, compared to adults over 40 years
old. The results can serve as an opportunity to promote the flexibility of the bicycle as a feeder
mode to access or egress LRT stations for younger adults who already own a bicycle in the
household. The overall ownership and usages of bicycle is low, the convenience of using
automobile and the car culture is still dominating in KW and many participants are still using
bicycle for recreational purposes. The overall bicycle infrastructure implementations in KW are

still not effectively encourage participants to use bicycle more frequent.
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5.1.3 Attitudes and Preferences for Bicycle Infrastructure

Among the many reasons that discouraged survey participants from using bicycles in KW in
general, more than 60% of survey participants mentioned “not owning a bicycle,” followed by
“no bike shares available,” showing the importance of bike share in promoting the use of
bicycles as a mode of transportation, among other options. Further, “bike-share expansion” also
received a higher vote compared to other bike infrastructures from respondents as a reason
encouraging future bicycle use. Bike shares provide an alternative for people who do not own a
bicycle themselves. The results actively demonstrate the demand for more bike share from the
participants. Moreover, bike shares can benefit urban areas, where they can serve as a feeder

mode for commuters’ first and last trip miles (DeMaio & Gifford, 2004; DeMaio, 2009).

Survey participants identified a lack of designated bicycle lanes leading to LRT stations and not
feeling safe cycling on roads due to a lack of bicycle infrastructure. However, survey participants
also stated that building more protected bicycle lanes and a better cycling network would
encourage them to use bicycles. These findings align with the academic literature on attitudes
toward bicycle infrastructure. Researchers have found that a higher level of on-street cycling
infrastructure, such as protected or separate bicycle lanes, is preferred specifically for accessing
transit stations (Dill et al., 2015; Taylor & Hahmassani, 1996; Griffin & Sener, 2016), and have
suggested that bicycle lanes should be designed for people with different experiences of cycling.
Providing safe and exclusive bicycle parking sites at transit stations would also contribute to a
higher rate of bicycle—transit trips (La Paix & Geurs, 2015; Krizek & Stonebraker, 2010).
Additionally, continuous bicycle paths connecting bike-share stations with various destinations

and transit stops are essential in promoting bicycle—transit integration (Zuo & Wei, 2019).
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The study also found that participants with lower income ($49,999 or less) valued bicycle
infrastructure more compared to participants with higher income where social inequity issues can
be one of the factors. The result is similar to the study that was conducted by Braun et al. (2017)
in 22 cities in the United States where lower income group has less access to bicycle

infrastructure.

5.1.4 Future Use of Bicycles as a Feeder Mode of Transportation

This study also aimed to understand the impact of bicycle infrastructure’s impact on LRT riders’
decisions about using bicycles as a feeder mode of transportation. Regarding this research
objective, an integration of the survey results revealed that improving bicycle infrastructure in
KW would increase riders’ likelihood of using bicycles as a feeder mode of transportation to

access or egress LRT stations.

Survey participants stated that they would use bicycles as a feeder mode of transportation more
than the local governments continued implementing additional bicycle infrastructure, which
would positively influence people to consider using bicycles as a transportation mode. These
findings align with the academic literature on bicycle infrastructure’s impact on people’s higher
probability of cycling (Griffin & Sener, 2016; Akar & Cliford, 2009; Duthie et al., 2010; Iseki &
Tingstorm, 2014). Dill et al. (2015) stated that respondents of both genders preferred higher
levels of on-street cycling infrastructure—such as protected or separate bicycle lanes—for
general transportation, specifically for accessing transit stations (Taylor & Hahmassani, 1996;
Griffin & Sener, 2016). La Paix & Geurs (2015) suggested that providing safe and exclusive
bicycle parking sites at transit stations would also contribute to higher bicycle—transit trip rates

(Krizek & Stonebraker, 2010).
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This study’s first binary logit regression analysis showed that riders who were frequent LRT
riders were more likely to use bicycles as a feeder mode to access or egress LRT stations in the
future. Participants’ opinions on on-street bicycle lanes, separated bicycle lanes, bicycle signage,
cycling network connectivity, bicycle parking, and designated bicycle traffic signals would affect
their likelihood of using bicycles as a feeder mode of transportation in the future. The more
important they thought these bicycle infrastructure elements were in affecting their decisions to
use bicycles for this purpose, the more likely they were to use bicycles if these bicycle

infrastructures satisfied their needs.

The study’s second binary logit regression analysis using a backward method showed slightly
different results compared to the first analysis results. The regression analysis revealed that the
frequency of bicycle use for work or school purposes negatively affected the likelihood of using
bicycles as a feeder mode of transportation in the future. The likelihood of using bicycles as a
feeder mode of transportation also increased according to participants’ assigned importance to
bicycle traffic signage and bike share availability, while the significance of other bicycle
infrastructures in the first binomial regression analysis was not found. Surprisingly, the
regression analysis results did not show that separate bicycle lanes and on-street painted bicycle
lanes were the most often chosen by participants in their frequency results, since they were
identified in the literature review and the City of Kitchener’s “Cycling and Trails Master Plan”
(2020). This result is due to the different methods of inputting the data into the regression
analysis, since the second regression analysis used the backward method. The backward method
can over-simplification the real models of the data, where some significant results could be
eliminated due to the stepwise elimination in the regression (Roecker, 1991). The Waterloo

Region implemented many temporally separate bicycle lanes on high-traffic volume arterial
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roads in summer 2020 to provide social-distancing options for cyclists (CTV News, 2020). This
project’s pilot studies aimed to gather feedback from cyclists and motorists to discuss the

potential of permanent separate bicycle lanes on these roads.

These findings show that besides implementing more separate bicycle lanes and on-street painted
bicycle lanes, other bicycle infrastructure elements—such as bicycle traffic signage, bike share
availability, and better bicycle route network connectivity—would also play an essential role in
affecting current LRT riders’ future likelihood of considering bicycle use as a feeder mode of

transportation.

5.2 Additional Implications

5.2.1 Limitations

While the researcher attempted to obtain data that could represent the whole population of KW’s
LRT riders, some limitations affected this study’s data collection process. These limitations may

have resulted in sampling bias and affected the precision of the results.

First, due to the COVID-19 pandemic, the project’s original plan to recruit participants randomly
on the street near LRT stations was cancelled due to social-distancing measures and new rules
prohibiting face-to-face recruitment during the pandemic posted by the University of Waterloo
Research Ethics Committee (University of Waterloo, 2020). The researcher had to move the
study’s recruitment process online, using social media through a Facebook group. Because of
this recruitment via social media, many LRT riders who did not use Facebook or did not join the
Facebook group may not have been reached, such as older adult riders. Inclusion of older adult
participants in the study may result in a lower overall percentage of willingness to use bikes as a

feeder mode in the future than the study result. Also, many students may not have been reached
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due to closures of universities and colleges during the pandemic and the transition to online
classes (University of Waterloo, 2020; Wilfred Laurier University, 2020). In this research, due to
the COVID-19 restriction where participants were not able to be recruited randomly on the street
but was recruited online through the Facebook group “I support light rail transit in Waterloo
Region” where the group’s members already have an interest in public transit discussion, and
they are more likely to use public transit for their commutes. This may result a selections bias for
the total sampling population and the results of the study since people who do not use Facebook,
who did not join the group or has limited access to the internet were not reached. Therefore, this
study’s results may not completely accurately reflect all KW LRT riders’ travel behaviours and

attitudes toward bicycle infrastructure.

Second, the study’s survey was sent out at the end of August, asking about respondents’ travel
behaviour before late March, when various public health measures to curb the pandemic took
effect (Government of Canada, 2020; Government of Ontario, 2020). For this reason,
participants may have experienced difficulty remembering all the details of their previous travel

behaviour accurately. Therefore, discrepancies may have arisen in the participants’ responses.

Third, an ideal survey sample size should have a 5% margin of error and a 95% confidence level
(Survey Monkey, 2020). The total number of LRT riders was 1,281,000 between July and
September, as CBC News (2019) indicated; therefore, given a sample size requirement of 5%,
this study’s sample size should have exceeded 348. The survey’s sample size was 250 due to
data collection difficulties during the COVID-19 pandemic; however, the sample size of 250
represented about 10% of the members of the Facebook group “I Support Light Rail Transit in
the Region of Waterloo”. The overall result may contain a greater margin of error and the

potential for a larger random sampling error.
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Finally, Question 8 of the survey asked about participants’ frequency of LRT service use, but
this question should have been specified further and asked about a single trip or a round trip,
since respondents may have only used LRT in just one of these ways and used a different mode
of transportation for the other. Moreover, the survey only asked respondents whether they were
willing to cycle under “fair weather conditions,” which respondents may have understood
differently. In the study’s regression analysis stage, the researcher removed some responses, such
as “prefer not to answer” and “others,” treating them as missing data due to extremely low
responses. These excluded responses may not have accurately reflected the respondents’ actual

situations.

5.3 Future Studies

Based on the limitations discussed in Section 5.2.2, this study could be improved in future
research. A new study could be conducted after the COVID-19 pandemic ends to examine post-
pandemic travel behaviour in KW. During the data collection process, such a future study could
also reach out to recruit older adults’ participation or promote the study via different channels
besides social media. During this data collection process, the survey questionnaire could also be
refined to investigate more details about participants, such as their time spent on trips and which
LRT stations they start and end their trips at, which would allow for a wider range of location
analyses, such as bike-share availability, current bicycle infrastructure near chosen stations, and
potential GIS mapping analysis. Such a future study’s range of survey questions could also
extend to cover additional trip characteristics among respondents, such as satisfaction levels and
how they occupy their time while using LRT. Further, a refined survey questionnaire could also
investigate participants’ willingness to cycle under different weather conditions, since weather,

as an uncontrollable factor, can significantly affect people’s decisions to use bikes as a
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transportation mode or promote cycling. To better understand respondents’ attitudes toward
bicycle infrastructure, the survey could include more stated-choice questions under different
hypothetical scenarios, and the questions could feature pictures of different infrastructure
designs. To obtain a larger sample size, future research could collaborate with GRT or the
Waterloo Region to disseminate the survey to potential participants. A future study could also
focus on analyzing bicycle-LRT integration programs’ economics or feasibility. Such research
could determine whether revenue from additional bicycle transit riders would exceed the expense
of providing or expanding bike share services. Although this suggested topic focuses more
heavily on economics than the current research, such consideration will be important in future

cycling infrastructure planning.
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Chapter 6: Conclusion and Recommendations

“Chapter 1: Introduction” outlined this study’s purpose of understanding current LRT riders’
future potential use of bicycles as feeder mode to access or egress LRT stations and the
determinants of encouraging such actions by using Kitchener-Waterloo as a case study. The
results of the study showed great potential to promote bicycle-LRT integration in KW, and
bicycle infrastructure is proven to be one of the major determinants of encouraging such action.
This final chapter concludes this thesis, and based on the findings and conclusions, the policy
recommendations related to bicycle infrastructure planning, as well as recommendations for

municipal planners, are presented.

6.1 Conclusion

Transit accessibility in cities is a topical and urgent issue. This research has filled the gap in the
literature surrounding socioeconomic groups and purposes related to LRT use in mid-sized
Canadian cities by using Kitchener-Waterloo as a case study. This thesis further contributes to
the literature by identifying future research opportunities focusing on bicycle-LRT integration. A
web-based survey was distributed via the Facebook group “I Support Light Rail Transit in the
Region of Waterloo.” This project’s descriptive statistical analysis revealed current LRT riders’
feeder transportation mode choices, travel behaviour, primary purposes, and different
sociodemographic background in KW. Among the bicycle infrastructures discussed, separate
bicycle lanes and on-street painted bicycle lanes were the two elements of bicycle infrastructure

that received higher mean scores.

Furthermore, the study’s binary logit model quantified the identified factors’ significance levels.
Besides separate bicycle lanes and on-street painted bicycle lanes, other bicycle infrastructure

elements—such as bicycle traffic signage and bike shares—were also shown to encourage people
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to use bicycles as a feeder transportation mode. This study has also shown that the more often
people use LRT, the more likely they are to try using bicycles as a feeder mode if bicycle
infrastructure satisfies their needs. Moreover, the study’s descriptive statistical analysis results
indicated that current LRT riders in KW have an overall positive attitude towards bicycle
infrastructure. Based on these research findings, several recommendations were proposed in this
chapter, focusing on increasing current LRT riders’ willingness to use bicycles as a feeder mode

to access and egress LRT stations in the future.

Overall, this thesis research’s findings were consistent with previous studies examining bicycle
infrastructure’s importance in encouraging people to cycle (Wang & Wen, 2017; Schoner &
Levinson, 2014; Basch et al., 2018). The lack of bicycle infrastructure, such as bike share,
separated bicycle lanes, designated signage, and parking at the current stage, were the reasons
that discourage people to use bicycle. People in KW demonstrated a willingness to use bicycles
if bicycle infrastructure is implemented and safe environments are provided for travel. As a
result, this study identified great potential for current LRT riders and future riders to use bicycles
as a feeder mode of transportation to access or egress LRT stations if local governments continue

to implement more bicycle infrastructures.

Bicycle-transit integration is an upcoming urban travel mode used in cities across the North
America. With proper bicycle infrastructure, the flexibility of bicycle use, and support and
promotion from local governments, the future of bicycle and urban rail transportation can create
a more efficient and resilient transportation network with less dependency on automobiles and
fuel. However, there is a need for an adaptation of policies to the specific circumstances faced by

the mid-sized cities.
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6.2 Policy and Practice Recommendations

“Chapter 2: Literature Review” showed that, without local government support, implementing
bicycle infrastructure would be slow and ineffective. Urban growth, with higher job and
population densities and mixed land use, will support more cycling, greater transit ridership, and
bicycle access at transit stations (Wang & Wen, 2017; Zuo & Wei, 2019). Municipal planners
should fully embrace denser, mixed-use growth that will support more active and public
transportation and transit-oriented developments along the LRT corridor. A comprehensive
transportation and planning policy would therefore benefit growing cities and regions, such as
Kitchener-Waterloo. Planners should play multiple roles in such projects by fulfilling
professional duties, providing advice, and advocating for projects that support bicycle-LRT

integration.

6.2.1 Bicycle Infrastructure Implementation

This study’s survey analysis has shown that bicycle infrastructure is essential in promoting
bicycle-LRT integration. Such infrastructure benefits growing regions like KW, and the
implementation of infrastructure should follow comprehensive transportation plans and policies.
The City of Waterloo is currently seeking public input to update its active transportation plan,
which would benefit the city in developing a similar plan to support cycling activities in the city
and integrate such initiatives with the “Cycling and Trail Master Plan” from the City of

Kitchener (2020), which provides convenient policy support between the two cities.

When considering building a new bicycle infrastructure, local governments should provide more
separate bicycle lanes on busy arterial roads or roads has higher speed limits (50km/h or higher),
such as Downtown Kitchener, Uptown Waterloo, and University Avenue, where density is high,

to create a safe environment for riders. Separate bicycle lanes should be built for people of all
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ages and abilities to encourage more people to try cycling. Painted bicycle lanes should be used
on secondary arterial roads with slower speed limit (40km/h) that currently have low bicycle
volumes, and these lanes should be upgraded to separate bicycle lanes once bicycle traffic
volume increases, if future budgets permit. Collector roads in the community that can lead
people to ride bicycles to the major transit stations should considered to reallocate into shared
street which has low speed limit (30km/h), visible shared street painting on the road, signs for
directions and traffic calming implementations. Moreover, high-capacity bicycle parking or full-
service, staffed bicycle parking should be provided at high-volume LRT stations. Both Kitchener
and Waterloo should implement a system across multiple locations to measure performance,
such as a bicycle traffic counting board in Uptown Waterloo, to better understand traffic volume

and prioritize infrastructure implementation.

In addition, government should integrate equity recommendations from researchers specifically
towards the lower income or visible minority community into policy and planning can lead to a
greater equity in representation, distribution of resources, and decision-making in promoting
cycling. City of Victoria provides a good example that provides more separated bike-lanes in the

lower income area so people in those neighbourhoods have a better and safe cycling trip.

6.2.2 Transit Map Integration and Bike Share Expansion

Bicycle infrastructures, such as bicycle parking and bicycle lanes or trail signage, are major
factors for encouraging people to use bicycles and must be integrated with not only local
landmarks but also local transit systems. The current GRT map only shows bus routes and LRT
routes in the Waterloo Region (Grand River Transit, 2021). However, a bicycle-friendly map

should be made available online and at stations or stops, showing how the area’s cycling network
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integrates with iExpress Bus stops and ION LRT stations to provide a clear wayfinding solution

for riders who choose to use bicycles as feeder mode.

The study’s survey analysis has shown that demand exists in the Region for bike share expansion
from the previous service area into areas other than KW’s central transit corridor. Such
expansion would benefit the bike-share system’s integration with local transit, such as transit
maps’ showing where major bike-share parking lots are available and offering an integrated

payment system.

6.2.3 Weather and Bicycle Infrastructure Maintenance

Weather is an uncontrollable factor that affects people’s decisions to use a bicycle, which was
not considered in this research. However, bicycle infrastructure, such as secure bicycle parking
with overhead covers, change rooms, or showers for people who bike to LRT stations, can help
to ease unattractiveness during rainy days. During the summer months, bicycle use as a feeder
mode of transportation offers competitive advantages compared to bus use. Bus services are
reduced during the summer due to the summer break from schools and universities. The
promotion of bicycle-LRT integration should be encouraged during this time for LRT riders to
try to experience the convenience bicycle brings to them. The use of bicycles as a feeder mode of
transportation provides more flexibility for people using LRT, who typically use buses instead.

In the long run, bicycle use will help reduce overall carbon emissions.

Winter maintenance is a key aspect that encourages people to cycle during the season. In 2019,
the Waterloo Region conducted separate bicycle lane projects along University Avenue and
Columbia Avenue and hired contractors to remove snow from these bicycle lanes during the
winter months (Region of Waterloo, 2020). However, removing snow only partially from the

network does not sufficiently provide a safe environment for bicycle use. Local government
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should be consistent with winter maintenance among all cycling infrastructure while prioritizing

high-volume bicycle lanes.

6.2.4 Implementations for other Mid-size Cities

Most Canadian cities are mid-sized defined by Winters et al. (2018) as cities with populations of
50,000 to 500,000 people. The common issues among Canadian mid-sized cities are having
fewer resources for active transportation and less complete infrastructure (Flatt & Sotomayor,
2016) compared to large cities such as Toronto, Vancouver, and Montreal. However, in recent
years, many mid-sized cities have been making bold investment into active transportation
(Winters, et al., 2018). Different cities have its own unique situation such as typography, weather
pattern, active transportation culture, and finance where the recommendation for KW in this
research does not fit all. Kitchener-Waterloo is unique since there are three major post-secondary
institutions locate in the cities. The University of Waterloo and Wilfred Laurier University locate
in the City of Waterloo and Conestoga College locates in the City of Kitchener which created a
higher proportion of young adults that are living in the area compared to other mid-sized
Canadian cities. In the survey data, there are 30% of the participants are in the age group of 18 to
24 where young adults are more willing to adapt changes towards a more sustainable living and
transportation modes such as using bicycles and public transit. The overall representation of
student populations also affects the municipal policies and plan to provides better and more
sustainable access to the campus. On the other hands, the other mid-sized Canadian cities that do
not have a major post-secondary institution are typically having a higher proportion for older age
groups where cities must adapt different strategies when they promote cycling and public transit
integration. Local municipal governments must base on their own situation to decide what kind

of bicycle infrastructure will fit the best to their communities. For example, if the local municipal
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government only have a small amount of budget to implement bicycle infrastructure in part of
the community. The local planners should consult with local community members from different
social backgrounds to make the appropriate decisions. If the budget is not able to support a
permanent bicycle lane and future maintenance, a pilot-study could be implemented to see how
local community members react to the project and make necessary changes after. Local
municipality should also apply for federal funding and leverage funding with the provincial

government.

Many mid-sized cities have higher automobile ownership where planners will encounter some
push back from the automobile communities about lower speed, narrow lanes and inconvenient
turns or access to buildings. Planners needs to find the right balance or an alternative solution
between motorized and non motorized transportation modes sharing the road. Planners should
also consider the socio-demographic background of the local community members that low-
income group and visible minority group have a chance to provide their opinions since many
lower income community members relies on public transportation and active transportation to

access their workplace.

From the studies of Fischer and Winters (2021) study of three different mid-sized Canadian cities
on street reallocation implementation during the COVID-19 pandemic, Halifax reallocate the
most of its streets into shared streets to support mobility, recreation, and help local business to
survive through the pandemic. Victoria on the other hand already has a more completed cycling
network compared to Halifax where it reallocated less street in length and focus on reallocation
in downtown core area. Both cities have a more successful results compare to Kelowna. Many

mid-sized Canadian cities that do not have many bicycles infrastructure exists can learn from the
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strategies Halifax used during COVID-19 pandemic and implement those into local context

during the summer season as a pilot study.

6.2.5 COVID-19 Impacts

Notably, COVID-19 has changed mobility patterns in cities around the world, including
Kitchener and Waterloo (City of Kitchener, 2020). During the summer of 2020, bicycles had
sold out due to social-distancing measures and gym closures that were recommended by health
authorities (CTV News, 2020; Government of Canada, 2020; Government of Ontario, 2020), and
cycling had become a safer transportation mode that also satisfied people’s physical activity
needs. The pandemic has, therefore, created opportunities for the rapid implementation of

cycling and trail infrastructure projects for Kitchener-Waterloo.
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Appendix A

Figure A.1. Participants’ household income by bike-share availability (p < 0.01)
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Figure A.2. Participants’ household income by secure bicycle parking (p < 0.01)
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Figure A.3. Participants’ household income by attitude to bicycle repair stations (p < 0.01)

$70,000 or more

$50,000 - $69,999

Less than $49,999

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Not at all important ~ m Somewhat not important = Neutral = Somewhat important = Very important

149



Appendix B-Survey Questions

Survey Questions

Page 1: Questions 1 to 6 below will ask you about some demographic information about

yourself.

1. Which municipality or township do you currently live in the Waterloo Region?
7 Kitchener

- Cambridge

7 Waterloo

71 Woolwich

o Wellesley

7 Wilmot

71 North Dumfries

= I live outside of the Waterloo Region.

2. What age group do you belong to?
0 18-24
0 25-29
0 30-34
0 35-39
o 40-49

o 50-59
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60 or older

. What is your gender?
Female

Male

Non-binary/third gender

| prefer not to identify.

. What is the highest level of education you have attained?
Master’s degree or Ph.D. or M.D.

Bachelor’s degree or similar

College Diploma/certificate

High School

| prefer not to answer.

. Which of the following best describes your current household structure?
Single or Live alone

Live with parent(s)

Live with roommate(s)

Lone parent with child(ren)

Live with partner but no child

Live with partner and child(ren)

| prefer not to answer.

151



What is your yearly household income before tax?
Less than $29,999
$30,000-$49,999
$50,000-$69,999
$70,000-$99,999
$100,000 or more

| prefer not to answer.

Page 2: Questions 7-11 below will ask you about your travel behavior. If your travel

behavior has changed due to the COVID-19 outbreak (e.g., working from home, taking

online courses, and public space shut down), please answer the following questions based

on your travel behavior prior to the COVID-19 outbreak.

7.

What is the primary purpose for you to use the ION LRT service?
Commute for work

Commute for school

Grocery shopping

Visiting hospital

Dropping off/picking up child(ren)

Visiting family members

To access entertainment/recreation/leisure facility

Others, please specify:
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10.

11.

How often do you use the ION LRT service?
Daily

More than 3 times a week

1 to 3 times a week

Less than once a week

How do you access the ION LRT station from home?

Walk

Bike

Bus (GRT, GO Transit, Greyhound or other regional transit)

Auto mobile/ car drop-off (private vehicles, taxi, uber, carpooling etc.)

How do you reach your destination from the ION LRT station?
Walk

Bike

Bus (GRT, GO Transit, Greyhound, or other regional transit)

Auto mobile/ car drop-off (private vehicles, taxi, uber, carpooling etc.)

Please indicate roughly how far your home is to ION LRT station?
Less than 500 meters

501 meters—1,000 meters

1,001-1,500 meters

1,501-3,000 meters
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© 3,000-5,000 meters

71 More than 5,000 meters
Page 3: Questions 12-18 will ask you questions related to bike, bike usage, bike
infrastructure and your opinions towards bike.

12. Do you own a working bicycle?

0 Yes

0 No

13. Thinking about your day-to-day transportation over the last year, how often did you use a

bicycle (including using bike share) for the following purposes?

Three times a Once a Once a Month Less than once a
Week or
week or more or more Month or Never
more
Commute to
work/school [l ] [ [
Recreation/exercis
o L] L] [] L]
Other trips
(Shopping, visiting ] ] ] ]

Friends etc.)

14. What are the reasons that discourage you to use bike a feeder mode of transportation to
access the ION LRT stations in fair weather condition? (select all applies to you)

71 1 do not own a bike.

7 1 do not know how to ride a bike.

7l do not like to bike.

7 There is no bike-share around my home to the LRT station.

0 There is no designated bike lane near me that leads to LRT station.
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15.

There is no bike parking near the LRT station.

| do not feel safe to bike on the road.

Lack of ability to carry items by using a bike.

I do not feel safe to park my bike at the LRT stations/bike theft concerns.
Limited space on the LRT

Road condition

Others, please specify:

What are the following reasons will help to encourage you to use bike as a feeder mode
of transportation to access the ION LRT stations in fair weather condition? (select all
applies to you)

Bike-share service expansion to my neighbourhood or my destination.

More protected bike lanes or painted bike lanes that leads to the LRT stations.
Additional bike parking at the LRT stations.

Better cycling network around the LRT stations.

Bike learning and cycling safety program(s) provided by the local government.
Program(s) that help to increase automobile drivers’ awareness of sharing road with
cyclists.

Others, please specify:
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16. How important would the following bike infrastructure affect your decision to bike as a

feeder mode to access or egress the LRT stations?

On-street
painted bike
lanes

Separated bike
lanes

Off-street bike
lanes (Multi-
use trails)

Cycling
network
connectivity

Bike lane
signage and
designated
signal for
cyclists

Secure bike
parking

Bike share
availability

Bike repair
station

Very
Important

[

]

Somewhat
Important

[l

[l

Neutral
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Somewhat Not
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Not at All
Important
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17. Both regional and municipal governments have invested in bike infrastructures, such as
implementing permanent bike lane projects, improving cycling network connections,
separated bike lane pilot projects and adding bike parking on the street in the past few

years and more projects are planned in the next few years.

In 2019, many bike related projects were implemented by local government, such as
separated bike lane pilot projects on University Avenue, and on Erb Street in Waterloo
and separated bike lanes pilot project on Queen Boulevard, and permanent bike lane

instalments in downtown in Kitchener.

Further, the Waterloo Region partnered with Drop Mobility to provide bike share pilot

program in Kitchener, Waterloo and Cambridge.

Do you think the all the actions that were taken by the local governments will make you

to consider using bike as a feeder mode to access LRT stations in fair weather condition?

2 Yes, | would like to try using the bike as a feeder mode to access LRT station.

= No, I would stay the same by using the current transportation mode to access LRT

station.
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18. Please briefly explain the reason(s) for your choice on Question 17.
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Appendix C-Recruitment Materials

Invitation to Participate

Researchers from University of Waterloo
are seeking adults LRT riders to
participate in a study regarding:
Bike-LRT Integration

If you would like to participate, please follow the link
below for more information and the online survey:

or Scan the QR code on your mobile device.

The survey will take approximately 15-20 minutes. Participants
will be able to enter in a draw to win 1 of the 10

- $20 Tim Hortons Gift Cards.
Participants must be at least 18 years of age and able to provide consent to the
study. This study has been reviewed by, and received ethics clearance through a
University of Waterloo Research Ethics Committee. This research is not affiliated with

the Region of Waterloo and is not an extension of any previous or current study by the

Region of Waterloo. W UNIVERSITY OF
N

2 WATERLOO
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Recruitment Message on Social Media

Hello everyone! My name is Long Lin, a second-year urban planning master student from the
University of Waterloo. | am currently looking for ION LRT riders who are 18 years or older to
participate in my thesis research study of bike-transit integration in Kitchener-Waterloo. My
study focuses on what will encourage LRT riders to use bike as a feeder mode to access the LRT
stations. By participating the study, you will be able to leave your email address to enter a draw
of winning 1 of the 10 - $20 Tim Horton’s gift card. All the data collect from the survey will
only be used towards my study and your identity will be confidential. More details about the
study are available through the link in the information letter section. Please follow the link:

https://bit.ly/2Y6XgpH or scan the QR code in the flyer below to access the information letter

and the survey. Thank you very much! This thesis research study is supervised by Dr. Joe Qian,
Associate Professor at the School of Planning of the University of Waterloo. The study has been
reviewed by and received ethics clearance through a University of Waterloo Research Ethics
Committee. If you any question regarding this study or would like additional information to

assist you in reaching a decision about participation, please contact me at long.lin@uwaterloo.ca.
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Information Letter
Title of Study: Bike-Light Rail Transit (LRT) Integration Study in Kitchener-Waterloo

Faculty Supervisor: Dr. Joe Qian, Associate Professor, Ph.D., School of Planning, University of

Waterloo. Email: z3gian@uwaterloo.ca

Student Investigator: Long Lin, Master’s Candidate, School of Planning, University of

Waterloo Email: long.lin@uwaterloo.ca

To help you make an informed decision regarding your participation, this letter will explain what
the study is about, the possible risks and benefits, and your rights as a research participant. If you
do not understand something in the letter, please contact Long Lin prior to consenting to the

study.
What is this study about?

You are invited to participate in a research study about the bike-light rail transit (LRT)
integration in the City of Kitchener and the City of Waterloo, Ontario. The purpose of this
research is to determine the factors that will encourage daily LRT riders to use bike as a feeder
mode to access or egress the ION Light Rail Transit (LRT) stations from their homes to their
final destinations. This research is important because studies have shown that better cycling
network and bike infrastructure that integrate to the existing transit network will encourage
people to bike in general. Examining the current gaps in cycling network, bike infrastructure and
factors to encourage current riders to bike will provide insights and opportunities for local

municipal government to identify priority in bike-related projects.
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The work is being undertaken as part of my (Long Lin) Master’s Thesis research. The research
will be used to demonstrate the important factors that influence riders to use bike as a feeder

mode to access or egress the LRT stations and possibilities to make the cities more bikeable.
I. Your responsibilities as a participant
What does participation involve?

Participation in the study will consist of one session, in which you will be asked to complete an
online survey that is expected to take approximately 15 to 20 minutes. The survey will ask
questions about your usage of the Light Rail Transit (LRT), the purpose of using LRT, your
opinions about bike as a potential mode of transportation, and some demographic information.
Surveys will be completed online though Qualtrics™, or a similar online survey platform, and
hard copies can also be made available. The survey link can be found in the Consent Form. It is
important to note when information is transmitted over the internet privacy cannot be guaranteed.
There is always a risk your response may be intercepted by a third party (e.g., government
agencies, hackers.) University of Waterloo researchers will not collect or use internet protocol
(IP) addresses or other information which could link your participation on your computer or

electronic device without first informing you.
Who may participate in the study?

In order to be involved in this study, you must be at least 18 years of age and be able to

understand and read English.
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Il. Your Rights as a participant
Is participation voluntary?

Your participation in this study is voluntary. You are not required to complete the survey and
may decline from answering any questions you prefer not to answer. The survey is anonymous,
and you will not be asked for your name or any identifying information. Once the survey
responses have been submitted, there is not possible way to withdraw your consent to participate
because there will be no way to identify which survey responses are yours. However, if you wish
to participate in the draw of winning one for the prizes or if you wish to receive the results of the
study, your identity will not be anonymous. To ensure the confidentiality, the email address of
the participants will be kept in a separate file. Only those associated with this study will have
access to these records, which are secured by password protection. Records will be kept for at

least 2 years. All records will be destroyed according to University of Waterloo policy.
Will you receive anything for participating in the study?

Upon completion of the survey, you will be entered into a draw, by entering your email, to win 1
of 10 - Tim Hortons gift cards valued at $20. Your email will not be linked to your survey
responses. Your odds of winning one of the prizes is based on the number of individuals who
participate in the study. We expect the approximately 250 individuals will take part in the study.
Information collected to draw for the prizes will not linked to the study data in any way, and this
identifying information will be stored separately, then destroyed after the prizes have been
provided. The amount received is taxable. It is your responsibility to report this amount for
income tax purposes. Should you wish to know the results of the study, you can leave your email
(which will not be linked to your survey responses) and a summary of the results will be sent to

you.
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What are the possible benefits of the study?

Participation in this study may not provide any personal benefit to you, but it may contribute to
an understanding of the factors influence of bike-transit integration in the mid-size city in urban

planning and to the academic planning community.

What are the risks associated with this study?

There are no known or anticipated risks associated with this study.
Will your identity be known?

Your participation and survey responses will be confidential, and those associated with this study
will not know the identity of the participants. The participants’ email address will be stored
separately from the survey responses, your survey responses will not be linked to your email.
The email address will be only used to contact the winners of the draw and participants who wish

to receive the results of the study.
Will your information be kept confidential?

Your identity will be kept confidential. All information gathered from participants will be
aggregated, and only the research team will have access to study data. Data will be stored in an
encrypted folder on my password protected laptop. No identifying information will be used in

my thesis or any presentation or publications based on this research.
I11. Questions, comments, or concerns
Who is sponsoring/funding this study?

The study is not funded by any person or organization.
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How to enter the draw of winning the prizes if you wish to stop participating during the

survey?

If you wish to stop participating in the study during the survey, the participants can simply click

the “—” button at the bottom of each page and leave the rest of the response blank to reach the

end of the online survey and leave your email address to enter the draw. Your survey response

will not be linked to the email address.
Has the study received ethics clearance?

This study has been reviewed and received ethics clearance through a University of Waterloo
Ethics Committee (ORE#42052). If you have questions for the Committee contact the Office of

Research Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.
Who should I contact if | have questions regarding my participation in the study?

If you have any question regarding this study, or would like additional information to assist you
in reaching a decision about participation, please contact Long Lin by email at

long.lin@uwaterloo.ca

Please complete the following questions of informed consent:
| have read the Information Letter posted above.

- Yes

- No
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By providing your consent, you are not waiving your legal rights or releasing the investigator(s)

or involved institution(s) from their legal and professional responsibilities.
| agree of my own free will to participate in the study.

- Yes

- No

| have had the opportunity to ask questions related to the study and have received satisfactory

answers to my questions and any additional details.
- Yes
- No

| was informed that participation in the study is voluntary and that | can withdraw this consent by

informing the researcher.
- Yes
- No

| give permission for use of anonymous quotations on any thesis or publications that comes from

this research.

- Yes
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