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This paper seeks to improve the understanding of heterogeneity of behavior, preferences, and
satisfaction within a sample of cyclists and how that heterogeneity is connected with
demographic and geographic factors. It develops a method for identifying subgroups of the
sample of cyclists and discusses how those groups differ sociodemographically and
geographically in their cycling behavior to provide policymakers with a tool to better understand
how cycling infrastructure improvements will affect different groups within the sample. It
describes a survey of 905 cyclists completed in 2015 in Malmd, Sweden. First it reduces the
dimensionality of the information from the survey to eight components with Factor Analysis of
Mixed Data, a principal component analysis method. Next it demonstrates a categorization with
six groups of the respondents with heterogeneous cycling behavior, preferences, and satisfaction
with hierarchical clustering. Then it details sociodemographic and geographic differences
between those groups. This paper confirms the thesis that it is possible to recognize
sociodemographic and geographic similarities within and differences between subgroups of

cyclists.
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1 Introduction

Urban transportation has changed dramatically over the past two centuries, moving from
domination by human and horse-powered modes, to domination by streetcars, to today’s
paradigm of domination increasingly by personal automobiles. As this automobile supremacy
has taken hold, cities around the world have become more populated, congested, and polluted
while their residents have become increasingly sedentary. To make room for more residents to
live and travel within our cities, to reduce the pollution and noise created by automobiles, and to
live healthier and more active lives, many cities are working to encourage active forms of

transportation, namely walking and cycling.

Malmo, which draws much inspiration from neighboring Copenhagen, Denmark, is already a
leader in Sweden and in the world for encouraging active transportation to its residents. Malmo
has promoted cycling through an extensive network of cycle tracks, widespread bicycle parking,
and campaigns to cut out unnecessary car trips. Because of these efforts, Malmo ranked 6" in the
world in the 2015 Copenhagenize Index of bicycle friendly cities, which ranks cities based on
their performance in 13 areas of bicycle friendliness. (Copenhagenize, 2015) In a 2013 survey of

12,400 residents of Malmo, 22 percent of total trips were taken by bicycle. (EPOMM, 2013)
1.1 Rationale for promoting utilitarian cycling

Because of increasing concern with the negative aspects of driving, the health of residents, and
transit accessibility, cities have become interested in encouraging bicycling for utilitarian (non-
recreational) trips. By convincing more residents to use bicycles, cities hope to make
transportation more active, affordable, and convenient, while reducing congestion and pollution.

Macmillan et al. (2014) used system dynamics modeling of commuter cycling under five policy
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scenarios in Auckland, New Zealand over the next 40 years. They estimate that upgrading urban
roads to include separated cycle tracks on main roads and reduced speed limits on smaller roads,
would yield a benefit/cost ratio of 10-25 with the largest benefits coming from increased physical
activity, reduced fuel costs, and improved air quality. (Macmillan, et al., 2014) This

demonstrates the potentially great value Auckland of investment in cycling infrastructure.

1.1.1 Reducing the negative impacts of driving

Reliance on automobiles has profound impacts on cities and how we experience them. Each
automobile adds to the congestion, noise, and air pollution that affect all residents. When
residents replace car trips with bicycle trips, they reduce the number of automobiles on the road
and diminish the related negative impacts. Woodcock et al. (2009) forecasted 2030 transportation
scenarios in London, England and Delhi, India with increases in active transportation. They
estimated that policies to promote increases in active transportation will reduce the number of
lost disability-adjusted-life-years per million population per year by 12,516 in Delhi and 7,332 in
London. These reductions in lost disability-adjusted-life-years come from cyclists’ increased
physical activity, reduced air pollution, and a reduction in traffic crashes in Delhi. (Woodcock, et
al., 2009) Rabl and de Nazelle (2012) argued that although reductions in CO2 emissions are
small, especially for smaller cities, the largest social gains from bicycling are the reduced noise,
reduced congestion, and health gains for cyclists. They estimated the noise and congestion to
benefit society by more than €1,700 per individual and the health gains to benefit society by
more than €1,300 per individual who switches from driving to bicycling per year, based on
estimates from Maibach et al. (2008) of the average damage costs due to congestion and noise

per passenger car kilometer. (Rabl & de Nazelle, 2012) (Maibach, et al., 2008)
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1.1.2 Improving health of cyclists

Using active modes of transportation in day-to-day life can greatly improve users’ health
outcomes. Increased physical activity has been demonstrated to reduce the risk of cardiovascular
disease, depression, dementia, diabetes, obesity, and breast and colon cancer. Additionally, as the
distance cycled in cities substantially increases, the absolute numbers of cyclists killed or

seriously injured has been shown to decrease. (Woodcock, et al., 2009)

In studying cost benefit analysis of cycling infrastructure, Borjesson and Eliasson (2012)
discussed whether the health benefits of cycling should be considered independently in a cost
benefit analysis. They argued that while the health benefits of cycling are potentially very large
and people tend to cycle more in response to infrastructure improvements, individuals take the
health impacts of cycling into account when making their decision whether to cycle. Because of
this decision level inclusion, they stated that including the health benefits in the cost benefit
analysis would most likely be double counting them. (Borjesson & Eliasson, 2012) Based on this
rationale, conceptually individuals should be eager to take up cycling, even more so if they are

educated about the large health benefits.

The overwhelming consensus in prior research is that there are large public benefits to cycling
both for the cyclists and society at large. Handy et al. (2014) discussed the challenges and
research needs for promoting cycling into the future and provided a broad review of prior
research on the social benefits of cycling. They argued that future transportation should focus on
measuring how much cycling there is, who is doing it and why, to better understand what
interventions may best and most cost effectively promote cycling. They additionally argued that
the research must be accessible to planners and policy makers, sometimes at the expense of

complexity, to ensure the research is used in practice. (Handy, et al., 2014)
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1.2 Connections between infrastructure, policy, demographics, and cycling

Although past research shows utilitarian cycling to be a good thing for cyclists, motorists, and
society at large, there are several important barriers that keep many people from cycling. These
barriers can include poor physical fitness, safety concerns, long/hilly/busy commutes, bad
weather, dropping off children, and lack of awareness of cycling options. (Bauman, et al., 2008)
(Parkin, et al., 2007) Based on the evidence of health benefits, and reduced externalities from
vehicle use, communities have enacted infrastructure and policy initiatives to address these
barriers and encourage more people to commute by bike. Poorfakhraei and Rowangould (2015)
studied the welfare change in terms of willingness to pay for improvements in cycling
infrastructure including bicycle paths, bicycle lanes, and street lighting through a stated
preference survey. They found that cycle tracks were valued most highly, followed by street
lighting and then bicycle lanes. People with more cycling experience had lower willingness to
pay for these improvements while older people had a higher willingness to pay. Predictably,
higher income individuals and people living in higher income areas were more likely to value

improvements more highly. (Poorfakhraei & Rowangould, 2015)

1.2.1 Influences on cycling frequency

Perception of cycling infrastructure has been shown to be an important factor in affecting cycling
behavior. Ma et al. (2014) studied the perceived and objectively measured built environment and
their impacts on cycling behavior in Portland, Oregon. They found that objectively good cycling
infrastructure was only indirectly important to promote cycling by way of users’ perception of
good cycling infrastructure. They emphasized the importance of intervention programs to

improve people’s view of the built environment for cycling to increase cycling. (Ma, et al., 2014)
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This demonstrates the importance of advocacy for cycling in addition to a conducive built
environment to encourage more people to commute by bicycle. Grouping the factors that affect
cycling behavior can help conceptualize proper interventions. Winters et al. (2011) surveyed
1402 current and potential cyclists in the Vancouver, Canada area. They asked about 73
motivators and deterrents of cycling, which they then grouped into 15 factors, analyzing average
responses of cyclists in groups based on how often they ride. The factors they found to have the
most influence on the likelihood of cycling included safety, ease of cycling, weather, route

conditions, and interactions with motorized vehicles. (Winters, et al., 2011)

Advocating utilitarian cycling to recreational cyclists may be a convenient way to encourage
people who have high utility of cycling to use it more for transportation. Sahlqvist and Heesch
(2012) studied recreational cyclists in Queensland, Australia through an online survey of
members of local cycling community and advocacy group. They found that 47% of respondents
cycled for utilitarian purposes, and being male, young, full-time employed, and university
educated made participants more likely to be utilitarian cyclists. They argued that because
recreational cyclists already have a high utility in cycling and less than half of the recreational
cyclists interviewed ride for utility, governments should take steps to promote utility cycling to
recreational cyclists and their advocacy groups, especially to women and older cyclists.
(Sahlgvist & Heesch, 2012) People who view cycling as a form of exercise have been shown to
be more willing to cycle for transportation. Akar and Clifton (2009) conducted a web-based
survey of cyclists on and around the College Park campus of the University of Maryland about
bicycle infrastructure, policies, and programs. The study found that people are more time-
sensitive for non-motorized forms of transportation and that women are less likely to commute

by bicycle. Additionally it found that respondents who perceive walking and biking as a form of
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exercise and who find flexible departure time to be important are more likely to ride bicycle.
Finally, Akar and Clifton found that most of the people driving to campus didn’t perceive any

other commute options and therefore never really considered cycling. (Akar & Clifton, 2009)

1.2.2 Influences on mode choice

People’s surrounding land use can significantly impact their transportation mode choices. Cevero
and Kockelman (1997) studied the aspects of the built environment, grouped into density,
diversity, and design aspects, and their influence on travel demand in the San Francisco Bay area
using 1990 travel diary and land use records. They found that density, diversity of land use, and
pedestrian-centered design tend to promote non-vehicle travel and reduce total trip rates,
although with elasticities between .06 and .18, the effect was not very strong. (Cervero &
Kockelman, 1997) Handy et al. (2005) similarly examined the relationship between Northern
California neighborhood design elements and resident travel preferences. Although prior studies
had identified a relationship suggesting that residents drive less in dense, diverse, and transit
accessible neighborhoods, the direction of the causal relationship has been the subject of much
debate. They found that while travel behavior differences between suburban and traditional
neighborhoods were largely explained by attitude, even when attitudes were controlled for they
still found a relationship between neighborhood design and travel behavior, suggesting that
travel behavior is influenced by neighborhood design. (Handy, et al., 2005) Figure 1 depicts a
simplified depiction of a neighborhood designs that discourage and encourage active

transportation.
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Figure 1- Images of neighborhoods not conducive (left) and conducive (right) to utilitarian cycling and/or
walking (Design New Haven, 2009)

Quality cycling infrastructure has been demonstrated to influence a higher cycling mode share.
Dill and Carr (2003) examined data from 43 large cities across the United States, finding that
higher levels of cycling infrastructure have a positive and significant correlation with the rate of
bicycle commuting. This supported claims from previous studies, but examined a wider variety
of cities that were not exclusively college towns. (Dill & Carr, 2003) Titze et al. (2008) studied
the commuter cycling mode share of residents through a phone survey of 1,000 residents of
Graz, Austria. They found that cycling correlated positively with bicycle lane connectivity and
cycling-related social support, and negatively correlated with people associating cycling with

physical discomfort and an impractical mode of transportation. (Titze, et al., 2008)

While infrastructure improvements increase utilitarian cycling, policies such as direct payments
to cyclists have been shown to also strongly encourage cycling. Wardman et al. (2007) studied
the factors that affect individuals’ propensity to cycle to work. They demonstrated through a

variety of revealed and stated preference surveys that an improvement to completely segregated
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bicycle lanes for an entire route would only increase the total bike commute share by 4.2% of the
baseline mode share for bikes, with less improvement for smaller-magnitude improvements.
They demonstrated that direct payments to cyclists for commuting to work are an effective
incentive and trip-end facilities such as showers and bike parking are shown to only shown to
slightly increase bicycle commuting. Combining all three sets of strategies, their model predicted
the largest shift to bicycle commuting. (Wardman, et al., 2007) Parkin et al. (2008) used census
data to estimate the determinants of bicycle mode share for work commutes. They estimated a
43% saturation level for bicycle use. They found a smaller proportion of cyclists in areas with
more females and car ownership. The most significant physical variable they found in affecting
peoples’ decision to bike to work was hilliness. They argued that infrastructure alone is

insufficient to engender higher levels of cycling. (Parkin, et al., 2008)

Other cycling related policies can also have significant influences in cyclist mode split. Rietveld
and Daniel (2004) analyzed the impacts of municipal policies on bicycle mode share by
comparing policies and cycling behavior between cities around the world. They found that
relevant policy-related variables include the number of stops cyclists need to make in their
routes, obstacles to road use, and cyclist safety. They additionally found that the relative position
of bikes compared with cars, meaning policies including car speeds and parking costs, affected
cycling behavior. Finally they observed that cities’ ethnic makeup affected cycling use, which is

a variable typically not considered in similar studies. (Rietveld & Daniel, 2004)

1.2.3 Influences on route choice

Another method for observing how cyclists value cycling infrastructure and policies is to observe
the characteristics of routes they ride. Tilahun et al. (2007) conducted a stated preference survey

in which they offered respondents a choice between a superior facility with longer travel time
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and an inferior facility with reduced travel time. They found that respondents were willing to
travel as much as 20 minutes longer to change from a road without a bike lane and with side
parking to an off-road bike trail, with smaller changes connected with smaller improvements.
(Tilahun, et al., 2007) Broach et al. (2012) observed the behavior of 164 cyclists with GPS units
along with a log of each of the corresponding trips that the cyclists took. In generating a route
choice model with the observed routes, they found that cyclists respond to distance, turn
frequency, slope, signalization of intersections and traffic when choosing routes. They
additionally found that cyclists placed particularly high value on off-street bike paths and
“bicycle boulevards” with traffic calming features, but bike lanes on the street basically offset
the negative impact of vehicle traffic. Finally they found that cyclists were more sensitive to
distance and less sensitive to all other route attributes for commute trips compared with the other

utilitarian trips considered in the study. (Broach, et al., 2012)

Not all cyclists experience route attributes in the same way, indicating potential for varying types
and levels of infrastructure and policies to appease different people. Garrard et al. (2008)
examined whether female commuter cyclists were more likely to use bicycle routes that provide
separation from vehicles by counting cyclists observed during peak commute times in different
types of locations in Melbourne, Australia. They found that female commuters more strongly

preferred paths with more separation from vehicle traffic. (Garrard, et al., 2008)

1.3 Identifying and describing subgroups of cyclists

The previous sections have made the case for why policy makers and urban planners should
encourage cycling, and which variables affect changes in cycling frequency, mode choice, and

route choice. This brings into question who should be targeted by interventions and where areas

19



of need exist. The following sections describe the literature on segmenting populations of
cyclists into groups and identifying areas of cycling infrastructure need to develop a basis to

target cycling infrastructure.

1.3.1 Segmenting populations of cyclists

Cyclists are a diverse segment of the general population, and are frequently separated into more
homogenous subgroups for city planning purposes. This concept of cyclist segmentation is
central to the purpose of this paper, which aims to tailor infrastructure to the people who are
likely to change their behavior based on specific improvements in specific areas. Roger Geller
(2009), Portland, Oregon’s bicycle coordinator, published a paper called Four Types of Cyclists,
which proposes a framework for grouping cyclist types from Portland’s population at large,
including non-cyclists. In it he estimated the population share of each of the groups and
described the importance of mitigating fear as the catalyst for increasing the mode share of
cycling compared with other modes of transportation. He developed the following categories of

transportation cyclists and their needs to frame a conversation about bikeway treatments:

1. Strong and fearless less than 1% of the population that will travel by bicycle no matter
the conditions

2. Enthused and confident around 7% of the population that will ride in the road with
automobiles, but are more attracted by bicycle infrastructure

3. Interested but concerned around 60% of the population that likes riding bikes and
would like to more often, but is largely limited by fear

4. No way no how around 33% of the population that cannot be convinced to ride bicycles

By reducing the fear of the people in groups three and four, Geller argued we can best encourage

people to commute on bike. (Geller, 2009)

Despite giving conceptual arguments for his framework, Geller didn’t back it up with any sort of

rigorous evidence, which prompted Dill and McNeil (2013) to analyze Geller’s categorization
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with a random phone survey of residents of Portland, Oregon. They found that nearly all of the
respondents fit neatly into one of Geller’s categories, and the majority (56%) were in the
“interested but concerned” group. This was hypothesized to be the key group to help to increase
the total bicycle share of commutes. Additionally, Dill and McNeil found that older adults and
women were less likely to be a part of one of the more confident groups, and that decreased
traffic speed and increased route separation from the road would best cater to the “interested but
concerned” group. They found some strange results such as 34% of the strong and fearless, based
on their stated level of comfort, had not cycled in the past 30 days. This was larger than the
portion in groups two and three, which were 28% and 23% respectively. (Dill & McNeil, 2013)
While Geller’s framework provides a strong categorization for the population at large based on
people’s comfort cycling, it is not particularly useful for categorizing a sample of all cyclists, and
limits the factors keeping people from cycling to only their confidence, when in reality the

decision to cycle is more complex.

Damant-Sirois et al. (2014) proposed an alternate classification of distinct cyclist types that is
meant to categorize people within a group of cyclists instead of the population at large. After
trying testing configurations with two through eight groups of cyclists, using K-means clustering
their best configuration included four groups. Their categorization of cyclists” motivators,

deterrents, and infrastructure preferences, has four categories as follows:

1. Dedicated cyclists (24% of sample) are not strongly affected by weather and they choose
to cycle largely for speed, flexibility, and predictability of travel time. They are less
influenced by cycling infrastructure and sometimes even prefer riding on the road.

2. Path-using cyclists (36% of sample) are mainly motivated by convenience and fun. They
tend to avoid cycling on streets and are highly influenced by a dedicated bicycle route
that is separated by traffic.

3. Fair weather utilitarians (23% of sample) only cycle when it is convenient, and will
choose another mode if the weather is bad or the destination is not easily accessible by
bike. They tend to prefer bicycle paths and don’t really consider themselves cyclists.
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4. Leisure cyclists (17% of sample) cycle because they enjoy it and not because it is
convenient or fast. They are heavily influenced by weather and are averse to riding in
traffic. They tend to think of cycling as a hobby more than as a legitimate mode of
transportation

Damant-Sirois et al. found significant differences in the four clusters in terms of demographics,
infrastructure preferences, and behavior, which indicates that this typology can be a useful tool to
predict how different interventions will affect these segments of the population of cyclists.

(Damant-Sirois, et al., 2014)

Damant-Sirois and EI-Geneidy (2015) used the same cyclist categorization as Damant-Sirois et
al. (2014) to analyze factors that affected cycling frequency of 1707 cyclists in Montreal, Canada
with an ordinal logistic regression model. After separating participants into the four groups, they
found some significant differences in impact on cycling frequencies based on changes in the
covariates between the four groups. After building a model that separated the cyclists by group
membership, they found that different interventions affected members of each groups of cyclists
differently, indicating the importance of segmenting cyclists to account for their heterogeneity.
They found the most generally useful improvements in increasing cycling frequency to be
making cyclists feel safe in all riding situations including roadways and stressing the
affordability and convenience in cycling for transportation. Additionally they found that while
men were more likely to commute to work, women were more likely to cycle for non-work

utilitarian trips. (Damant-Sirois & El-Geneidy, 2015)

1.3.2 Identifying demographic and geographic differences between subgroups

of cyclists

After establishing a rationale and some methods for segmenting the population of cyclists, the

next goal is to establish a basis for identifying sociodemographic and geographic differences
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between those groups. Zahran et al. (2008) studied the spatial distribution of active modes of
transportation by county across the entire contiguous US. They used GIS and linear regression
analysis to study built, natural, socioeconomic, and civic environments. They found that the
number of active commuters in a county increases with population density, natural amenities,
education, wealth, and estimates of local civic concern. Alternatively, they found that the number
of active commuters decreases with increases in pollution and average distance travelled by a

work commuter. (Zahran, et al., 2008)

At a smaller scale, Shafizadeh and Niemeier (1997) examined the connections between
geographic clustering and demographic characteristics of cyclists and their commuting travel
durations by examining a survey distributed to cyclists. The survey was conducted in common
weekday bicycle commute locations in Seattle, Washington at morning and afternoon peak
commute times. They studied the varying origins and destinations of respondents’ trips by
categories of demographic variables, finding perceptible differences between income ranges, age
groups, and genders. Using linear regression, they found that gender and income had opposite
effects on travel time depending on whether the destinations were inside or outside the central
business district. They additionally found that higher income and older participants tended to

report longer bicycle commute times. (Shafizadeh & Niemeier, 1997)

Larsen et al. (2010) studied how far survey respondents were willing to walk or cycle to access
different destinations in the Montreal, Canada area. They examined how distances traveled
varied by location and individual sociodemographic and travel attributes. They found the median
distance cycled to be around two kilometers with large variations by age, gender, and geographic
area. Men had a larger median bicycle trip distance than women. They additionally found that

respondents were willing to walk and cycle farther for work related trips than trips for other

23



purposes. (Larsen, et al., 2010) This analysis will be pertinent to this paper’s discussion of
sociodemographic and geographic attributes that vary between groups of cyclists and distances

traveled for reported trips.

1.4 Thesis Overview

This paper seeks to improve the understanding of heterogeneity within the population of cyclists.
Developing a method for better understanding subgroups of cyclists by identifying categories of
cyclists and recognizing demographic groups and locations where each of those groups ride to
and will provide policymakers with a new tool to understand the impacts of cycling investment.

Therefore it is hypothesized that,

Through identification of subgroups based on cycling behavior, preferences, and
satisfaction, it is possible to recognize sociodemographic and geographic
similarities within and differences between subgroups.

The paper additionally aims to create a conceptually appealing framework for understanding how
cyclists’ preferences for route attributes differ and where each cyclist experiences relative
comfort in commuting by bike. Chapter 2 describes Malmé and its background of cycling and

cycling infrastructure, and describes the responses to the survey.

Chapter 3 describes the survey and gives an overview of survey responses. It first describes the
demographic breakdown of respondents and of the regional population. Then it describes the
correlations between the responses to questions within sets about importance of route attributes

and satisfaction with Malmo as a cycling city.

Chapter 4 describes a framework and categorization of cyclists by cycling preferences, behavior,
and satisfaction in Malma. It begins by reducing the dimensionality of the data by using factor

analysis of mixed data (FAMD), which is a principal component analysis (PCA) method meant
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for simultaneously analyzing continuous and categorical data. With FAMD the 46 variables
considered are combined to form eight uncorrelated components that describe various aspects of
cycling behavior, preference, and satisfaction of respondents. Those components are then each

described based on the variables from the original data that influence them most heavily.

Based upon those eight components, the survey respondents are hierarchically clustered to form
six clusters of cyclists that minimize within-cluster variation along the eight components created
with FAMD. The attributes of those clusters are then described in terms of their within-cluster

mean locations along the components to develop profiles of each cluster.

Chapter 5 examines the sociodemographic comparisons between the cyclists of each cluster.
First, the clusters are cross-classified across categories of sociodemographic variables, and Chi-
squared tests are performed to measure the significance of sociodemographic differences
between cyclist clusters. Then the sociodemographic profiles of each of the clusters of cyclists
are described to develop a better understanding of which types of people belong to each cluster

of cyclists.

Chapter 6 examines the geospatial cycling patterns of each of the clusters developed in chapter 4.
The clusters are first analyzed by the frequencies of origins and destinations within regions
around Malmo, and chi-squared tests are performed to determine the significance of differences
between clusters. Next, each cluster is described by a heat maps that describe the odds ratio of
trip activity including origins and destinations occurring within different region. Finally

geospatial profiles of origins and destinations for each of the clusters is described.

Finally, Chapter 7 presents discussion and implications of findings from the paper and considers

limitations and future extensions of this research.
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2 Malmo

Malmé is the 3" largest city in Sweden, with over 320,000 residents, and is located across the
Oresund Bridge from Copenhagen, Denmark. Malmé and the surrounding region are
experiencing major post-industrial growth after a period of significant decline in the 1980’s and
1990’s due to the decay and subsequent closure of its formerly booming shipbuilding industry. In
fact, Malmd’s population declined from around 265,000 in 1970 to around 230,000 in 1985, only
to begin growing again in the 1990’s largely due to immigration of refugees from war-torn
countries. (Baeten, 2011) Malmd’s population over time is shown in Figure 2. Malm@’s post-
industrial development has included growth in the logistics, trade, and high-tech sectors, which
have been especially exaggerated since the completion of the Oresund Bridge in 2000.
Additionally Malmg University College, one of Sweden’s newest higher education institutions,
began operating in the city in 1998, providing another resource to develop a highly educated

workforce. (Malmo stad, n.d.)

MALMO POPULATION: 1970-2015

I 264,563
I 243,591
I 233,803
I 229,936
I 233,887
I 245,699
I 259,579
I 271,271
I 298,963
I 322,574

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 2- Malmé's population from 1970 to 2015 (Statistics Sweden, 2016)
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Malmo has made sustainable planning and development a priority since the mid-1990s. The city
has appropriated significant funds to sustainable business and housing developments, alternative
fuel vehicles, active transportation infrastructure, and renewable energy resources. This trend has
been especially apparent in areas such as the Western Harbor, where Malmg’s former
shipbuilding industry center has been turned into a model for sustainable development. In fact,
Malmo is pursuing the goal of becoming carbon neutral by 2020, and by 2030 they propose to
run the entire city on renewable energy. One of the major factors that will allow this

transformation is a transition to clean forms of transportation. (Anderson, 2014)

2.1 Cycling in Malmé

Both Malmo and Copenhagen are widely considered to be among the most bicycle friendly cities
in the world, and in both cities there is significant political will to improve sustainability by
reducing reliance on non-renewable energy. One of the highly publicized methods of achieving
this has been promoting travel by public transit and active modes of transportation. Compared
with other cities in Sweden, Malmo is relatively flat, and due to its situation near the ocean and
in Southern Sweden, it has a mild climate described in Table 1. The combination of these factors
makes Malmo particularly well suited to travel by bicycle, allowing commuters to travel by

bicycle all year in relative comfort.

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

Hours of sunshine

Average high in °C 2 2 s| 10| 16| 20| 21| 21| 17| 12 7 4
Average low in °C 3 -3 -1 2 7| 11| 13| 12] 10 7 30 -1
fn"r;qprec'p'tat'on - 49| 36| 30| 33| 38| 46| 65| 62| 53| 53| 44| 43
Days with 17| 13| 10| 11| 10| 11| 14| 13| 13| 14| 15| 16
precipitation

39| 66| 125| 177 | 269 | 263 | 253 | 215| 172 | 84| 35| 20

Table 1- Malmé climate information (belsoft, n.d.)
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Compared with other large Swedish cities, Malmo already has a significant portion of its
residents commuting by bicycle. In fact as of 2013, 22 percent of commute trips and Malmo
were taken by bicycle, which is a substantially larger portion than in Gothenburg and Stockholm,
and is only surpassed by cities with larger portions of students among Sweden’s nine largest
cities, whose mode shares are displayed in Figure 3. Although Malma is ideally situated for
transportation by bicycle, the city has also achieved its high level of bicycle mode share through

initiatives meant to do just that.

Mode Share in Large Swedish Cities

100%
90%
80%
70%
60%
50%

40%
30%
20%
10%

0%
Stockholm Gothenburg Malmoé  Linkoping  Uppsala Orebro  Norrkdping Lund Umea
(2006) (2014) (2013) (2008) (2010) (2004) (2010) (2007) (2006)
1,889,945 543,000 313,000 141,200 140,175 135,458 129,985 110,332 110,000

Car mPT mWalk mBike

Figure 3 - Mode splits in Sweden’s 9 largest cities, year in parentheses, population below year
(European Platform on Mobility Management, 2016)

To encourage residents to commute by bicycle, Malmé has made cycling safer and more

convenient. As of 2012, Malmg contained more than 470 km of bicycle paths, more than 60,000
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bicycle parking spaces on municipal land, several air stations to fill tires dispersed around the
city, and a network of cycling-specific traffic signals to accommodate cyclists crossing roads.
Many of the traffic signals are now even capable of detecting cyclists with radar to trigger them
to allow them through intersections on demand. (Bicycle Malmé 2012, 2012) A map of Malm@’s
bicycle path network and the distribution of free air stations is shown in Figure 4. To make
cycling to and from public transportation more attractive, Malmd has created covered and
secured bicycle parking garages near train stations to provide convenient and safe parking to
cyclists and has encouraged cycling with bicycle counters that display how many cyclists have
passed on a particular bicycle path each day. (Hu & Li, 2013) Although Malmd has taken
significant steps to encourage bicycling, it is still interested in increasing the bicycle mode share
to move closer to its sustainability goals. To achieve this objective and to understand how
residents have responded to existing improvements, the city of Malmo conducts surveys of its

residents about their cycling experience in Malmg.

Figure 4- Malmé's bicycle routes and network of bicycle
pumps (Malmé stad, 2016)
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3 About the survey

Between May and September of 2014 the traffic department of Malmd, Sweden conducted a
survey of local cyclists online. The department encouraged residents to participate in the survey
by distributing flyers targeted toward cyclists. In total, 905 cyclists responded to the survey. The
survey consisted of 33 questions addressing the respondents’ demographic information, cycling
behavior and preferences, and policy priorities. After completing the survey participants were
asked to demonstrate a typical route they ride on a map of Malmé by clicking their route on a
map. Because the routes were simply straight lines between clicks on the map, and because
Malmo has a high-density network of roadways where cyclists can ride, this part of the survey is
not readily useful in determining cyclists’ precise routes and therefore the particular route

decisions the users made.

Cyclists indicated their preferences for route attributes, ranking the following attributes from
most important to least important: distance, time, traffic, number of intersections, cycling
network consistency, surface, safety, environment, and equipment. They also rated the
importance of another set of route attributes on a scale from one to five including: safety at
crossings, cycle lane width, snow removal, swept leaves, swept dirt, pedestrian-cyclist
separation, removal of level differences, minimization of stops, smooth surface, control of plants,
and police checks for proper use of cycling infrastructure. Finally they rated their satisfaction
with attributes of Malmd’s cycling infrastructure from one to five including: overall satisfaction,
number of cycling paths, condition of cycling paths, path width, diversions at roadwork, and
parking at home, shops, work or school, public places, train stations, and bus stops. The primary

analysis in this paper focuses on the ranking and rating of these attributes along with the
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respondents’ demographic characteristics and their behavior riding in a variety of conditions.

The survey in its original Swedish and translated into English is included in Appendices A and B

respectively. The questions from the survey analyzed in this thesis are described in Table 2 along

with their responses and abbreviations for the questions and responses used throughout.

Table 2- Questions from survey used in study with responses and abbreviations used throughout paper

Question Response Abbreviation
Can you generally use a bicycle when you
need to? Bike access
Yes, always Always
Yes, most of the time Usually
Yes, sometimes Sometimes
No, rarely Rarely
Do you have driver’s license? Driver’s license
Yes Yes
No No
Can you generally use a car when you
need to? Car access
Yes, always Always
Yes, most of the time Usually
Yes, sometimes Sometimes
No, rarely Rarely
No, never Never

How often do you ride normally?

How often do you ride?

5-7 days per week
3-4 days per week
Once/few times per week

Once/few times per month

Once/few times a year

5-7 days per week
3-4 days per week
at least weekly

at least monthly

at least annually

During which seasons do you use a

bicycle? Season
Spring Spring
Summer Summer
Winter Winter
Autumn Fall
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Do you avoid cycling in bad weather or
conditions?

Riding conditions

Yes, when it rains

Yes, when it snows

Yes, in strong winds

Yes, when it's slippery

Yes, when it's cold

Yes, when it’s poorly shoveled

Yes, when there is a lot of gravel/leaves

Rain

Snow

Wind

Slippery

Cold

Poorly shoveled

Gravel/leaves

No, | bike whatever the weather All weather
What do you think is the most important
when choosing your bicycle route? rank
Distance Distance
Rank them so that no one has the Time Time
same value. Traffic safety Traffic

(1 being the least important and 10 being
the most important)

Feel safe: Well-lit roads, no concealing
shrubbery, etc.

Facilities: Toilets, bicycle pumps, shower /
changing rooms, bicycle garage, water, etc

Few crossings

Separation from traffic
Consistent network

Smooth and solid surface
Safety

Surroundings / Environment

Facilities

Intersections
Separation
Consistency
Surface
Safety
Environment

Facilities

How satisfied are you with the following in

Malmo? (Scale 1-5)

Sat. w/

.(1 dissatisfied, 5 very satisfied)

Malmo as a cycling city

The amount of bike lanes

Condition of bike lanes

Width of bike lanes

Diversion at roadwork

Bicycle parking at home

Bicycle parking at the shops

Bicycle parking at the workplace/school

Bicycle parking in public places

Bicycle parking at Malmé C, Triangeln and

Hyllie
Bicycle parking at bus stops

Satisfaction overall

# of cycle paths
Condition cycle paths
Path width

Diversion @ roadwork
Parking @ home
Parking @ shops
Parking @ work/school
Parking public

Parking @ stations
Parking @ bus stops

How important are the following
measures you as a cyclist?

rating

(1 not important, 5 very important)

Increasing security/safety at crossings
Increase the width of cycle lanes
Snow removal

Sweep away leaves

Sweep away gravel

Safety @ crossings
Cycle lane width
Snow removal
Swept leaves
Swept gravel
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Measures to separate pedestrians and
cyclists

Remove level differences
Minimize the number of stops
Smooth surface

Keeping the shrubbery/trees
Police checks (eg check for lights, mopeds)

Ped cyclist separation
Remove level differences
Minimize stops

Smooth surface

Control plants

Police checks

What materials do you consider to be
suitable as a surface on bike paths?

Surface preferences

(You can select multiple)

Asphalt

Gravel

Hard packed gravel
Tiles

Cobble stone

Asphalt
Gravel
Hard gravel
Tiles
Cobbles

How safe do you feel as a cyclist in

Malmé? Perception of safety
Not safe Not safe
Partially safe Partly safe
Safe Safe

Are you...? Gender
Female Female
Male Male
Prefer to not answer No answer

How old are you? Age
Under 13 years 0-24
13-17 years 0-24
18-24 years 0-24
25-39 years 25-39
40-64 years 40-64
65-75 years 65+
76-84 years 65+
85 or older 65+

What is your family situation? Partner

Partner | live with
Single / not cohabitating
Living with parents or equivalent

Living with partner
Not living with partner

Not living with partner

How many children do you have living at

home? Children
None No
1 child Yes
2 children Yes
3 children Yes
4 or more children Yes
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What is your main occupation? Employment
Working Works a job
Studying Student
On sick leave Neither
Parental leave Neither
Seeking employment Neither
Pensioner Neither
Other Neither

What is your highest completed

education? Education

Attending primary school
Primary school

Secondary school
Post-secondary education, other than
college/university

College/university

Secondary or lower
Secondary or lower

Secondary or lower
post-secondary besides
college

university/college

Income per month:

Income

Less than 10,000 SEK
10,000-14,999 SEK
15,000-24,999 SEK
25,000-34,999 SEK
35,000-50,000 SEK
More than 50,000 SEK

Do not wish to answer

<10,000 SEK
10,000 SEK-14,999 SEK
15,000 SEK-24,999 SEK
25,000 SEK-34,999 SEK
35,000 SEK-50,000 SEK
>50,000 SEK

No response

3.1.1 Profile of survey respondents

Table 4 shows demographic information about the surveyed sample and the population of the

Malmo area at large. Within the survey, a relatively larger portion of the respondents were

female than in the general population. 43.1% of survey respondents identified as male, 55.5%

identified as female, and 1.4% chose not to disclose their gender. Within the 2015 general

population in the Malmo region, 49.5% of residents were male and 50.5% were female.

The survey asked respondents to record their age range within ranges. Because the survey only

included cyclists, the sample unsurprisingly included more people in the middle age groups.
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Over 85% of the surveyed group were between 25 and 64 years old compared with only 52.4%
of the regional population at large, however in both populations the median respondent was in
the 25-39 age range. More than 55% of the residents of Malmd’s region had children as of 2015,

compared with only 35.4% of the surveyed sample.

The survey sample appears to be more educated, more employed, and more highly paid than the
regional population at large. While within the survey sample only 8.8% of the respondents had a
highest education completion of secondary (high school) or lower, 54.8% of the population at
large does not have education beyond secondary. The general population of Malmd’s region was
54.4% gainfully employed compared with 71.2% of the survey sample. This is certainly
somewhat explained by the larger inclusion of pre and post-working-age individuals in the
population at large, however it is important to note the higher employment of the sample from
the survey. Accordingly, the median income of the survey sample is higher than the population at
large over 20 years of age, and thus likely higher than the population at large of all ages. The
median income of the sample group falls between 25,000 and 34,999 Swedish Kroner per month,
which is higher than the median income of Sweden, the county of Skane, Malmg, and Lund. In
fact, the 90™" percentile of income in Sweden, Skane, and Malmé falls within that income

bracket.

Within the survey sample, 84.5% of individuals had a driver’s license, however only 51.9% had
access to a car at least sometimes while 31.3% either had access to a car rarely or never.
Conceptually, the group without frequent access to a car will be more likely to bike frequently
due to their fewer alternatives. Considering that this is a survey of cyclists it is unsurprising that

64.9% always had access to a bike while 97.1% had access to a bike at least usually.
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3.1.2 Respondents’ willingness to cycle in various conditions

Table 3 depicts the cycling behavior of respondents from the survey in a variety of conditions.
From the 905 survey respondents, a vast majority of 76.7% claimed to ride at least 5-7 days per

week, while 13.7% claimed to ride 3-4 days per week, and only 9.6% claimed to ride less.

Suitability of surfaces Yes % No %
Asphalt 895  98.9% 10 1.1%
Gravel 58 6.4% 847 93.6%
Hard gravel 627 69.3% 278 30.7%
Tiles 234 259% 671 74.1%
Cobbles 72 8.0% 833 92.0%

Season Yes % No %
Spring 892 98.6% 13 1.4%
Summer 902 99.7% 3 0.3%
Fall 880 97.2% 25 2.8%
Winter 689 76.1% 216 23.9%

Riding conditions Yes % No %

Rain 739 81.7% 166 18.3%
Snow 573 633% 332 36.7%
Wind 704 77.8% 201 22.2%
Slippery 406 449% 499 55.1%
Cold 805 89.0% 100 11.0%
Poorly shoveled 431 47.6% 474 52.4%
Gravel/leaves 873 96.5% 32 3.5%
All weather 272 30.1% 633 69.9%
Frequency # %
5-7 days per week 694  76.7%
3-4 days per week 124 13.7%
at least weekly 64 7.1%
at least monthly 19 2.1%
at least annually 4 0.4%
Perception of safety # %
Not safe 55 6.1%
Partly safe 468 51.7%
Safe 382  42.2%

Table 3- Survey respondents' cycling behavior in a variety of
conditions, frequency, and perceptions of safety. (n=905)

36



Descriptive Statistics of Survey Sample Descriptive Statistics of General Population

Gender # % Gender (2015) * # %
Male 390 43.1% Male 313,028 49.5%
Female 502 55.5% Female 318,845 50.5%
No answer 13 1.4%

Age # % Age (2015)* # %
0-24 74 8.2% 0-24 193,524 30.6%
25-39 386 42.7% 25-39 143,397 22.7%
40-64 385 42.5% 40-64 187,715  29.7%
65+ 60 6.6% 65+ 107,237 17.0%

Children # % Children (2015)* # %

Yes 320 35.4% Yes 352,818 55.8%
No 583 64.6% No 260,413 41.2%

Highest Education # % Unknown 18,642 3.0%
Secondary or lower 167 8.8% Highest Education (2015)* # %
post-secondary besides college 1105 58.1% Secondary or lower 279,178 54.8%
university/college 630 33.1% Post-secondary (< 3 years) 77,952 15.3%

Partner # % Post-secondary (> 3 years) 137,497 27.0%
Living with partner 568 63.0% unknown 15,044 3.0%
Not living with partner 333 37.0%

Employment # % Employment (2014)* # %
Works a job 642 71.2% Gainfully employed 274,697  54.4%
Student 131 14.5% Not gainfully employed 230,591  456%
Neither 129 14.3%

Income # % Income (age>20, 2014)** Mean 10%
<10,000 SEK 107 11.8% Sweden 20,952 7,872
10,000 SEK - 14,999 SEK 93 10.3% Skane 19,850 6,884
15,000 SEK - 24,999 SEK 108 11.9% Malmd 18,406 5,058
25,000 SEK - 34,999 SEK 320 35.4% Lund 21,153 6,387
35,000 SEK - 50,000 SEK 142 15.7% Income (age>20, 2014)** Median  90%
>50,000 SEK 43  4.8% Sweden 17,902 33,592
No response 91 10.1% Skane 17,001 32,674

Driver's license # % Malmo 15,654 30,914
Yes 765 84.5% Lund 17,547 36,402
No 140 15.5%

Car access # %

Always 214 23.9%

Usually 251  28.0% Table 4- Demographic information about
Sometimes 150 16.8% survey respondents and the area at large.
Rarely et {"nMga(;;)é/L unds/Trelleborgs A-region
Never 120 13.4% ** QOriginally published as annual salary,

Bike access # % divided by 12 to get monthly

Always 587 64.9%
Usually 291 32.2%
Sometimes 23 2.5%

Rarely 3 0.3%
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Accordingly, only 6.1% of the respondents answered that they feel unsafe riding a bicycle in
Malmo, while 51.7% replied that they felt partly safe and 42.2% replied that they felt safe. This
indicates that the survey sample was made up largely of frequent cyclists, however varying

portions of the sample claimed to be deterred by a variety of riding conditions.

Survey respondents indicated differing levels of suitability of various surfaces. Asphalt was
unsurprisingly shown to be the most favorable surface with 98.9% of respondents claiming to
find it suitable. The survey group also favored hard gravel with 69.3% claiming to find it
suitable. Alternatively gravel, cobblestones, and tiles were shown to be very unfavorable with

93.6%, 92.0%, and 74.1% of respondents not finding those surfaces suitable respectively.

While more than 97% of survey respondents rode in each spring, summer, and fall, 23.9% refrain
from riding in the winter despite Malm@’s relatively mild climate in Scandinavia. Only 30.1% of
respondents claimed to ride their bicycle in all surveyed adverse conditions. Conditions that deter
the most respondents from riding were slippery paths, poorly shoveled snowy paths, snow, and
wind with 55.1%, 52.4%, 36.7%, and 22.2% refraining from riding in the respective conditions.
Alternatively, only 3.5% of respondents claimed to avoid riding for gravel and/or leaves in the

path and 11% for cold temperatures.

3.1.3 Analysis of respondent satisfaction and preferences

Table 5, Table 6, and Table 7 describe the correlations between the ranked route attributes the
survey respondents found most important, their rated satisfaction with aspects of Malmé’s
cycling network, and their rated perception of importance of bicycle planning priorities. Because
each of the sets is based on ranked or ordinal data, they are compared within sets of rankings or

ratings by their spearman correlation described in_Equation 1. In the correlation calculation, p
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represents the correlation between two items, d?represents the squared difference in rank
between items in their respective sets, and n represents the number of entries being analyzed for
correlations. Spearman rank correlation was used for this preliminary analysis because it is non-
parametric and doesn’t make any assumptions about the data’s distribution. It is important to
note that while means and standard deviations of ranks and ratings are included in the tables in
addition to medians and modes, they are for preliminary analysis and should not be considered to
have an equal interval between each level of their levels. In the initial set of 905 respondents,
some didn’t complete the rankings and ratings and were not included in further analysis. The
following tables consider the 644 respondents who completed the ranking and rating tasks and

gave at least three unique values in the ranking task shown in Table 5.

Equation 1- Equation for Spearman rank correlation (Laerd Statistics, n.d.)
6y d?

=1-—="t
p nn?—-1)

Table 5 shows the correlations between rankings of important cycling route attributes and the
mean, median, mode, and standard deviation of the ranking for each attribute. Because the table
consists of correlations between items’ rankings and the rankings of the items they are being
ranked against, some negative correlations may be coerced. This occurs because ranks are
supposed to occupy all spots between one and ten, so when one item receives a higher or lower
ranking, other items are more likely to receive the opposite. Because many respondents didn’t
view the task as a ranking in the survey and instead treated it as a rating, this effect is probably
only partial. Many of the people treating the task as a rating were kept because only 387

observations could have been maintained observing the fully ranked responses.
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distance time traffic intersections separation consistency surface safety environment facilities

Mean 6.15 6.50 7.81 5.59 6.91 6.27 6.20 6.54 5.15 4.23
Median 6 7 8 6 7 6 6 7 5 3
Mode 10 10 10 7 10 6 8 10 2 2

Std. dev.2.90 2.76 2.31 2.48 2.51 2.55 2.42 2.66 2.59 2.73

Correlations distance time traffic intersections separation consistency surface safety environment equipment
distance 1.00

time0.71 1.00

traffic-0.21 - 1.00
intersections-0.12 - 0.25 1.00
separation-0.24 - 0.38 0.34 1.00
consistency-0.17 - 0.07 0.29 0.32 1.00
surface-0.13 - -0.01 0.18 0.12 0.40 1.00
safety-0.20 - 0.33 0.05 0.22 0.09 0.19 1.00
environment-0.15 - 0.06 0.05 0.08 0.12 0.15 0.31 1.00
facilities-0.17 - 0.03 0.17 0.12 0.17 0.30 0.23 0.35 1.00

Table 5 - Survey responses of important route attributes with correlations between the rankings of each
attribute, n=644. On a scale from 1= least important to 10= most important. All respondents selected ranked
importance, although not all respondents gave complete ranking.

Despite the partial coercion of rankings, the correlations between rankings givers insight to the
connection of route attributes’ ranks to one another. In the ranking of route attributes, traffic
appears to be the most important factor with the highest median and mean ranking, followed by
separation, time, and safety. It is important to note that the most common response for
importance of distance was the top rating of 10 with a median response of only six, and the
highest standard deviation of any of the rankings considered. This indicates that some people
value distance really highly while others don’t value it nearly as highly as other attributes.
Alternatively, separation, consistency, and safety each have similar median and mode responses
indicating a more normally distributed set of preferences for those attributes with more similar

numbers of people valuing them more and less than the mode.

There are a few discernible trends in the correlation between rankings of the route attributes.
Distance and time have a strong correlation of .71, indicating that they tend be similarly
important to individuals. All other route attributes are negatively correlated with distance and

time, indicating that when distance and time are ranked highly other attributes tend to rank lowly
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and vice versa. This is certainly somewhat caused by the correlation of rankings forcing negative
correlations. The strongest negative correlations with route distance and time are with separation
from vehicle traffic, safety, and traffic, which may indicate a separation between cyclists who
prefer fast routes and cyclists who prefer safe and comfortable routes. Additionally separation
from vehicle traffic is unsurprisingly positively correlated with traffic and intersection as both
attributes address cyclists’ interactions with motor vehicles. Surface and consistency are also
moderately positively correlated, which makes sense as they both address comfort and
convenience of cycling. Finally, facilities and environment are moderately positively correlated,

which may indicate some underlying preference for enjoyment of a route.

Table 6 describes the satisfaction section of the survey where respondents rated their satisfaction
with different aspects of Malmd’s bicycle network on a scale from 1 (dissatisfied) to 5 (very
satisfied). The table gives the mean, median, mode, and standard deviation of cyclists’
satisfaction ratings for each of the questions and then shows the correlations between them. Note
that for each of the aspects of the cycling network being rated besides parking at home and path
width, the median and mode response are the same, suggesting that the responses are dispersed at
least somewhat evenly around the mode. Respondents were most satisfied with the cycling
network overall, the number and condition of cycle paths, and parking at train stations and

work/school. They were least satisfied with the parking at bus stops and diversions at road work.
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parking parking
@ train @ bus
stations stops

# of condition ath diversion parking parking parking
overall cycle cycle veidth @ @ @ @ work/
paths paths roadwork home shops school

parking
public

Mean 4.02 3.67 3.6 3.38 2.62 3.4 2.94 3.54 3.1 3.61 2.58
Median 4 4 4 3 3 4 3 4 3 4 3
Mode 4 4 4 4 3 5 3 4 3 4 3
Std. dev. 0.78 0.86 0.91 1.02 1.08 1.30 1.10 1.19 1.04 1.17 1.03

Correlations overall (ﬁ/(?li co?ydclltclaon pgth leE@I;)SIOn g parCI;)mg g)avc:)l:l?/ parkipg gl;l:;r:ng pg)rlghnsg

paths  paths HelEL roadwork @ ez shops  school el stations  stops

overall 1.00

# of cycle 0.64 1.00

paths

condition 0.35 0.35 1.00

cycle paths

path width 0.32 0.33 0.50 1.00

diversion @ 0.30 0.26 0.36 0.32 1.00

roadwork

parking@ 0.18 0.23 0.10 0.17 0.12 1.00

home

parking @ 0.21 0.18 0.16 0.20 0.23 0.48 1.00

shops

parking @ 0.23 0.22 0.13 0.12 0.16 0.38 0.48 1.00

work/

school

parking 0.21 0.21/0.22 0.26 0.19 0.21 0.48 0.47 1.00

public

parking@ 0.17 0.17 0.18 0.17 0.16 0.09 0.27 0.29 0.44 1.00

train

stations

parking @ 0.23 0.21 0.22 0.22 0.27 0.24 0.41 0.32 0.50 0.35 1.00

bus stops
Table 6- Survey responses of satisfaction with aspects of Malmé as a city for bicycles. On a scale from 1=
least important to 5= most important.(n=644)

Note that all of the correlations shown are positive, indicating that rating each aspect of the
cycling network highly or lowly somewhat correlates with rating other aspects of the cycling
network the same way. This may be partially because some individuals tend to give better or
worse ratings at the same level of satisfaction, but it also may indicate a generally positive
trending of attitudes between aspects of the bicycle network. Overall satisfaction is strongly
correlated with the number of cycle paths, but is also moderately correlated with the condition
and with of cycle paths. Satisfaction with the condition of cycling paths is well correlated with

cycling path width and diversions at roadwork. Finally, satisfactions with parking at all of the
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locations mentioned are considerably correlated with one another with the exceptions of parking

at home with parking at train stations.

Remove

Safety @ Snow Swept Swept Ped cyclist Minimize Smooth Control Police

crossings ‘:I?:;fh removal leaves gravel separation diffI:rveer:ces stops surface plants checks
Mean 4.48 3.36 4.21 3.24 3.32 4.09 3.61 3.78 3.78 3.33 2.59
Median 5 3 5 3 3 4 4 4 4 3 3
Mode 5 3 5 3 3 5 3 4 4 3 3
Std. dev. 0.78 1.08 0.97 1.11 1.10 0.94 1.12 1.07 0.99 1.10 1.29
Safety @ Cycle Snow Swept Swept Pedestrian | Removal Minimize Smooth Control Police

lane

. cyclist level
crossings . removal leav ravel
95 width eaves grave

separation differences

rrelation
L stops  surface plants checks

Safety @
crossings 1.00

Cycle lane
i 0.19  1.00

Snow removal 0.14 0.08 1.00
Swept leaves 0.08 0.22 0.39 1.00
Swept gravel 0.09 0.21 0.30 0.72 1.00

Pedoydist 09 0.33 0.14 0.23 0.22 1.00

separation

Remove level 14 0.15 0.15 0.19 0.22 0.25 1.00

differences

Meones 0.00  0.10 0.03 0.02 0.07 0.09  0.40  1.00

Smooth

rurfwe0.030.140.17 027 031 0.14  0.47 0.35  1.00

el 0.14 0.21 028 032 032 0.21 0.27 0.07 036 1.00
Police checks 0.09 ~ 0.19 0.12 0.19 0.16 0.18  0.09 -0.09 0.1 0.30 1.00

Table 7- Survey responses of ratings of importance of aspects that make routes bicycle friendly. On a scale
from 1= least important to 5= most important.(n=644)

Table 7 describes ratings on a scale from 1(not important) to 5 (very important) of survey
respondents’ attitudes about the importance of various cycling route attributes. The table
includes the mean, median, mode, and standard deviation of responses for each attribute as well
as the Spearman correlation between each of the attributes. Similarly to in Table 6, the median
and mode response for most route attributes were the same with the exception of pedestrian-
cyclist separation and removal of level differences, which each had a mode one point lower than
their median. This again demonstrates that the responses were generally distributed at least

somewhat evenly around the mode. The attributes with the highest rated importance were safety
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at crossings, snow removal, and pedestrian-cyclist separation. Alternatively the attribute with the

lowest ratings of importance was police checks for proper use of cycling infrastructure.

Similarly to in Table 6, there were no strongly negative correlations included in the ratings,
indicating that higher ratings for the importance of each attribute correlate with generally higher
ratings for all other attributes. Predictably snow removal rating is correlated considerably with
swept leaves, swept gravel, and controlled plants, as all of those attributes deal with clearing the
path of obstructions. Similarly, swept leaves and swept gravel are substantially correlated with
smooth surface and controlling plants. Additionally, removal of level differences, minimization
stops, and smooth riding surface are all are all moderately correlated, which makes sense as they

each address aspects of comfort and ease of riding, and thus could all be valued similarly.

After analyzing the survey responses and correlations of those responses within groups of
questions, it is possible to develop a model that explains the connections between diverse
individuals’ cycling behavior, route preferences, and satisfaction with cycling infrastructure in

Malmo.
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4 Categorization of cyclists

Categorization of riding behavior, route preferences, and satisfaction allows planners to develop
a better understanding of cyclists’ diverse preferences and travel patterns within more
homogeneous groups. Within such sets, planners can target improvements to achieve a variety of
goals that can be differently achieved for members within each latent group. These goals may
include measures to better serve currently frequent cyclists, to encourage them to cycle more
frequently, or to bring more cyclists into the fold. Section 1.3.1 describes the background of
segmenting cyclists more in-depth, and this chapter will explain and implement a cyclist
segmentation model. The model presented here consists of two major steps including the
identification of principal components of cyclists based on 46 of the questions of the survey, and

then the clustering of individuals from their coordinates on those components.

Similar methods have been used previously in transportation research. Krizek & EI-Geneidy
(2007) conducted surveys of public transit riders and non-riders separately, then completed a
factor analysis based on responses to each of those surveys to find separate hierarchical clusters
of both riders and non-riders. (Krizek & El-Geneidy, 2007) Gatersleben and Haddad (2007)
conducted a survey of 244 cyclists and non-cyclists in England. They used principal component
analysis (PCA) to separate respondents’ perceptions of typical cyclists into four components
including responsible, lifestyle, commuter, and hippy-go-lucky. They used ANOVA to determine
that these component scores were different between cyclists and non-cyclists, then used
regression analysis to explain how the principal components and past cycling behavior can
explain respondents’ future intention to travel by bicycle. They found that cycling in the past has

a strong positive relationship with cycling in the future and that respondents who see typical
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cyclists as hippy-go-lucky or commuters were more likely to convey intention to cycle in the
future. (Gatersleben & Haddad, 2010) Damant-Sirois et al. (2014) similarly used PCA to
combine correlated survey questions into less correlated components that describe survey
respondents’ perceptions toward cycling. They ended up combining their 35 variables into 7
components, and then clustering respondents on those components into four groups. Their groups
included dedicated cyclists, path-using cyclists, fairweather utilitarians, and leisure cyclists.
(Damant-Sirois, et al., 2014) This method is the most similar to what this section of the paper
will present to identify areas of sufficient and deficient infrastructure for each group within the

heterogeneous population of cyclists.

This method for categorizing questions into components based on a correlation matrix of
responses, then categorizing respondents from the distance between coordinates of their answers
on the components, is effective because each step provides an explanatory framework to better
understand how cyclists differ between groups. The grouping of questions through PCA and
related methods develops links between responses to each of the questions, which helps
understand connections between different attribute preferences, cycling behaviors and
satisfactions with aspects of the bicycle network. Then the categorization of cyclists on those

components explains the broad interests and preferences of each group.

4.1 Factor analysis of mixed data (FAMD) grouping of survey questions

PCA is a statistical method meant to extract meaningful information from complex and highly
dimensional data in a way that generates a new set of principal components with fewer
dimensions. The principal components are meant to explain as much of the variation of the

dataset as possible while remaining orthogonal (and thus uncorrelated) with one another. The
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original data is converted into scores for each of the principal components through linear
combinations with values of each of the original variables for each observation. (Abdi &
Williams, 2010) Because the dataset from the survey considered in this paper includes a
combination of binary variables, Likert Scale ratings, and rankings of the importance of route
attributes, it was necessary to choose an analysis method that addresses correlation and scaling of

the different types of data considered.

Factor analysis of mixed data (FAMD) enables the consideration of multiple data types by
mixing elements of PCA for continuous data and multiple correspondence analysis (MCA) for
categorical data. In this paper the FAMD function in the R Statistics Software package
FactoMineR was used to reduce the number of dimensions in the data set. The FAMD function
scales continuous data to unit variance while creating a disjunctive data table, which decomposes
categorical variables into a separate variable for each category, with the categorical variables and
then scaling them with MCA. This allows both types of data to be considered together to study
the multi-variate similarities between individuals. (Husson, et al., 2016) To preserve the ordinal
nature of all of the Likert and ranking data in this data set, all of the ordinally scaled data were
treated as continuous, which makes the assumption that there is a latent underlying continuous
variable that each of the scales lies upon. The following paragraphs describe the functionality of

these scaling and dimension reduction techniques.

For data being treated as continuous, FAMD scales responses to unit variance to remove units
from the variables and give each variable the same mean. Each individual standardized score Xix
is found by subtracting the mean ¥« of each variable k from each individual i’s value for that
variable yik, then dividing by the standard deviation of that variable sk. (Jackson, 1991) This is

demonstrated in Equation 2.
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Equation 2- Scaling continuous responses to unit variance X = (yik — }_’)/Sk

Alternatively for categorical variables, responses are put into a disjunctive data table then scaled
using the specific scaling of MCA. This allows variables occurring less frequently to have larger
weights and thus have a larger impact on the relationship matrix described in the next paragraph.
Disjunctive data tables are made by decomposing each categorical column of responses into
separate columns k for each of their responses. Those columns are filled in with a one for the
column k corresponding with that individual i’s value, which is represented by yix and a zero for
the column(s) k corresponding with different values. In this data set, the disjunctive data table
only has two columns for each categorical variable because they are all binary, asking whether
respondents ride their bicycle in certain conditions. Pk represents the proportion of individuals
with a one in column k and the scaled value for each individual’s scaled score xik is demonstrated

in Equation 3. (Pages, 2014)

Equation 3- Specific scaling of MCA for categorical variables Vik 1
Xig = ——— —
Pk

Using the scaled scores from Equation 2 for continuous variables and Equation 3 for categorical
variables, a relationship matrix is built with different relationship coefficient calculations
between two continuous variables, between two categorical variables, and between a continuous
and a categorical variable. In the case of two continuous variables the squared Pearson’s
correlation coefficient, represented by r?, is used. Pearson’s correlation is the covariance between
the two variables divided by the product of their standard deviations. In the case of a continuous
and categorical variable, the squared correlation ratio is used. That is represented by n? and is a
coefficient of non-linear association that compares the weighted variance of the mean of the

continuous variable for each category of the categorical variable against the variance across all
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categories. Finally, when comparing two categorical variables, the statistic 2, which is equal to
the chi-squared test for independence between the each of the variable’s categories divided by
the number of individuals, is used. (Pageés, 2014) With such a relationship matrix constructed it is

possible to perform FAMD.

FAMD finds the underlying structures of the dataset by rotating the data to find each successive
principal component that describes as much of the variation as possible while remaining
orthogonal and thus uncorrelated with each of the other principal components. This is
accomplished in the case of the first component by finding the axis around which there is the
least possible orthogonal error, and thus the least amount of information in the dataset that the
component does not describe. Successive components are generated by the same strategy with
the condition that they are uncorrelated with each of the previous components. This process
continues until there are as many principal components as in the original dataset and all of the
variation in the dataset is described. Component scores for individuals can be described as linear
combinations of the original variables, enabling descriptions of individual respondents on the
principal components, with fewer variables that are less correlated than in the original data.
These coefficients are multiplied by the scaled values of each of the variables to find these
component scores or the individuals. Because the scores are scaled to have a mean of zero for
each of the original variables, the mean of the component scores for the entire survey sample

very close to zero.(Holland, 2008)

Figure 5 shows a scree plot of the percentage of variance from the original dataset described by
each successive component through the fifteenth from FAMD. Although the described variance
per component drops substantially after the fifth and sixth components, the eigenvalues for each

of the components through the 14™ are greater than one, meaning they describe more variance
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than a single variable from the original dataset. After testing alignments with between six and 11
components, the eight-component alignment was chosen for further analysis. With eight
components, variables from the original dataset strongly influencing each component were
grouped in a way that most intuitively explains the underlying factors affecting cyclists’ survey
responses. Those eight components describe 46% of the variance from the 46 variables they refer
to. Beyond the eighth component the coefficients for each variable and component do not group
in a way that is useful for considering people’s underlying preferences for and satisfaction with

the cycling network.

Variance Described by Each Component

=
o

% Va&iance gescribo%d

12 3 4 5 6 7 8 9 10 11 12 13 14 15

Component #

Figure 5- Scree plot of the portion of variance described by each
successive component

Table 8 shows the coefficients for each of the variables from the original dataset used to find
each survey respondent’s score on each of the components as well as the contribution of each of
the variables to those components in brackets. The variables are grouped by the components for
which they have the largest contribution and ordered by the size of their contributions to those
components. The contribution of each variable to each of the components indicates the variable’s

contribution in determining that component. It is a percentage, meaning that the sum of the
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contributions to each component is 100. The contributions are determined by dividing the
squared cosine between a variable and a component by the summed squared cosines between the
component and all variables, then multiplying by 100. Because the cosine approaches zero for
large angles and approaches one for small angles, the more correlated the variable is to a

component, the larger its contribution is determined to be. (Kassambara, 2015)

The coordinates of the variables on the principal components describe their coefficients in
creating linear combinations of values to generate component scores for each of the individuals
in the dataset. In other words, to generate the component scores for each individual, their scaled
response value for each variable is multiplied by the corresponding coordinate for each

component, and then summed across all original variables to find each component score.

Because the binary variables are each asking whether respondents ride under different
conditions, they are decomposed into the condition (e.g. winter, hard gravel, slippery, etc.) and
yes or no corresponding with each response. The eight components each correspond with
identifiable aspects of the respondents’ attributes relating to their preferences, cycling behavior,

and satisfaction, and are broken down in Table 9.

Because so many of the variables presented address satisfaction and the avoidance of adverse
conditions, those variables tend to describe the first and second components. While this indicates
the clustering that in section 4.2 will substantially be based upon those responses, the other
sources of variation are also suitably addressed and receive equal weight in the clustering as the
first and second components. This is in effect applying weight to the lower components relative
to the proportion of variance within the original dataset they describe, and thus removing some

of the weight from the satisfaction and surface variables.
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C1

Satisfaction

sat. w/ path width 0.6 [8]

sat. w/ cycle tracks 0.6 [7.5]
satisfaction overall 0.6 [7.1]
sat. w/ parking public 0.5 [6.5]
sat. w/ parking @ bus stops 0.5 [6]

sat. w/ parking @ shops 0.5 [5.8]
sat. w/ bike lanes 0.5 [5.8]
sat. w/ roadwork diversion 0.5 [5]

sat. w/ parking @ stations 0.4 [4]

C1
Avoidance of adverse conditions

all weather yes 0.4 [0.3]
winter no -0.6 [0.4]
SNOwW no 0.3 [0.2]
cold no -0.8 [0.3]
wind no -0.3 [0.1]
slippery yes 0.4 [0.3]
rain no -0.5 [0.3]
snow yes 0.2 [0.1]
slippery no -0.3 [0.2]
all weather no -0.2 [0.1]
poorly shoveled yes 0.4 [0.3]
poorly shoveled no -0.4 [0.3]
winter yes 0.2 [0.1]
gravel/leaves no -1.9 [0.6]
wind yes 0.1 [0]

rain yes 0.1 [0.1]
cold yes 0.1[0]

gravel/leaves yes 0.1 [0]

C1
Importance of orderly network

rating control plants -0.3 [2.1]
rating sweep leaves -0.2 [1.1]
rating sweep dirt -0.2 [1.3]
rating police checks -0.2 [0.5]
rating smooth surface -0.3 [1.7]
sat. w/ parking @ home 0.4 [2.8]
rating ped/bike separation 0.3 [2.4]

c2

0.0 [0]
0.1 [0.3]
0.0 [0]
0.1[0.2]
0.1[0.1]
0.1[0.2]
0.0 [0]
0.1 [0.5]

0.0 [0]
c2

-2.1[9]

2.4 [8.9]
1.9 [8.7]
3.2 [6.9]
2.1[6.1]
-1.4 [5.8]
2.1[5.3]
-1.1 [4.8]
1.2 [4.8]
0.9 [4]

-1.1 [4]

1.1 [3.8]
-0.7 [2.6]
3.2 [2.3]
-0.6 [1.7]
-0.5 [1.1]
-0.4 [0.8]

-0.1 [0.1]
2

-0.2 [0.6]
-0.2 [1.2]
0.2 [1.3]
0.0 [0]

-0.3 [2.6]
0.1[0.2]
-0.2 [0.7]

c3

0.1 [0.3]
0.1 [0.1]
0.3 [2.4]
0.4 [4]

0.3 [3.2]
0.4 [4.5]
0.4 [3.8]
0.2 [1.4]

0.3 [1.9]
c3

0.3 [0.2]
0.3 [0.2]
0.2 [0.1]
0.4 [0.2]
0.3 [0.2]
-0.2 [0.2]
0.1 [0]
-0.1 [0]
0.2 [0.1]
0.1[0.1]
-0.2 [0.2]
0.2 [0.2]
-0.1 [0]
2.0 [1.2]
-0.1 (0]
0.0 [0]
-0.1 (0]
-0.1 [0]
c3

0.5 [7.1]
0.5 [6.9]
0.5 [6.9]
0.5 [5.9]
0.4 [4.9]
0.3 [3.4]
0.3 [2.9]

ca

0.0 [0]
-0.1 [0.3]
0.0 [0]
0.1 [0.5]
0.0 [0]
0.0 [0]
0.0 [0]
-0.1 [0.1]

0.0 [0]
ca

-0.5 [1.1]
0.5 [0.8]
0.3 [0.5]
0.6 [0.6]
0.5 [0.9]
-0.4 [0.9]
0.7 [1.2]
-0.2 [0.3]
0.3 [0.7]
0.2 [0.5]
-0.3 [0.6]
0.3 [0.6]
-0.1 [0.2]
0.2 [0]

-0.1 [0.2]
-0.1 [0.3]
-0.1 [0.1]

0.0 [0]
ca

0.2 [1.2]
0.3 [3.2]
0.3 [3.9]
-0.1 [0.1]
0.3 [4.2]
0.0 [0]

0.0 [0.1]

C5

-0.2 [1.3]
-0.2 [2.1]
-0.2 [2.8]
0.3 [3.6]
0.2 [2.6]
0.3 [4.3]
-0.3 [3.5]
-0.1 [0.3]

0.2 [2.3]
C5

0.4 [1.3]
0.3 [0.5]
0.0 [0]

1.0 [2.6]
0.3 [0.5]
0.4 [1.8]
0.8 [2.7]
0.0 [0]

-0.3 [1.5]
-0.2 [0.6]
0.4 [1.9]
-0.4 [1.8]
-0.1 [0.1]
0.9 [0.6]
-0.1 [0.1]
-0.2 [0.6]
-0.1 [0.3]

0.0 [0]
C5

-0.2 [2.7]
-0.3 [4.6]
-0.2 [1.7]
0.2 [1.1]
0.2 [1.3]
0.1 [1]

-0.1 [0.3]

c6

0.1 [0.4]
0.2 [1.9]
0.3 [4.4]
-0.3 [3.6]
-0.2 [2.1]
-0.3 [4.2]
0.3 [4]

0.2 [2.3]

-0.2 [1.9]
c6

-0.1 [0]
0.0 [0]
0.1 [0.1]
0.4 [0.4]
0.3 [0.6]
0.1 [0.1]
0.5 [1.2]
0.0 [0]
-0.1 [0.1]
0.0 [0]
0.0 [0]
0.0 [0]
0.0 [0]
0.8 [0.7]
-0.1 [0.2]
-0.1 [0.3]
0.0 [0.1]

0.0 [0]
c6

0.0 [0.1]
0.1 [0.8]
0.1[0.7]
-0.1 [0.3]
0.2 [1.3]
-0.2 [2.2]
0.1 [0.5]

Table 8- Component coefficients and contributions for each variable from the original dataset
Numbers outside brackets represent variable coordinates, numbers inside brackets represent variable contributions
Sat. w/ abbreviates satisfaction with referring to the questions described in Table 6. Rank refers to the ranked

questions described in Table 5. Rating refers to the rating of route attributes described in Table 7
For binary variables yes/no indicate the score for the corresponding response

.
1.

1.

c7

-0.3 [4.6]
0.0 [0]

0.2 [2.2]
0.1 [1.1]
0.1 [0.9]
0.1[0.3]
-0.2 [2]

-0.1 [0.2]

0.2 [1.4]
c7

0.1 [0]
0.1 [0]
-0.2 [0.3]
0.2 [0.2]
0.1 [0]
0.0 [0]
-0.1 [0]
0.1[0.2]
0.0 [0]
0.0 [0]
0.1[0.1]
-0.1 [0.1]
0.0 [0]
-0.1 [0]
0.0 [0]
0.0 [0]
0.0 [0]
0.0 [0]
c7

0.0 [0]

0.1 [1.3]
0.1[0.7]
0.1 [0.8]
-0.1 [0.9]
-0.1 [0.4]
0.1 [1]

c8

0.3 [6.1]
0.3 [4.1]
0.2 [2.3]
0.0 [0.1]
-0.1 [0.3]
-0.2 [2.9]
0.1 [1]

0.0 [0]

0.1 [0.4]
c8

0.1 [0.1]
0.0 [0]
0.1 [0.1]
-0.1 [0]
-0.1 [0.1]
0.0 [0]
0.2 [0.4]
-0.1 [0.1]
0.0 [0]
0.0 [0]
0.0 [0]
0.0 [0]
0.0 [0]
-0.3 [0.1]
0.0 [0]
-0.1 [0.1]
0.0 [0]
0.0 [0]
c8

-0.1 [0.2]
-0.1 [0.5]
-0.1 [0.2]
-0.1 [1]

0.1 [0.1]
-0.2 [2.3]
0.1[0.2]
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C1 C2 c3 c4 c5 C6 Cc7 c8
Importance of speed
rank distance 021 -0.1[0.1] -0.2[15] 0.6[13.4] 0.0[0] 0.0 [0] 0.3 [5] 0.2 [2.5]
rank time 0.2[1] -0.1[0.2] -0.2[1.4] 0.6[12.6] 0.0[0] 0.0 [0] 0.3 [5.5] 0.2 [2.3]
rank safety -0.2 [0.6] 0.1[0.3] 0.4[4.7] -0.4[5.4] -0.2[1.5] -0.1[0.2] -0.1[0.3] -0.2[1.7]
C1 C2 c3 c4 c5 C6 Cc7 c8
Importance of riding continuity
rating snow removal 0.0[0] -0.4[3.5] 0.3[2.6] 0.1[0.8] -0.4[8.4] -0.1[0.1] 0.1[0.2] 0.0[0.1]
rating minimize stops -0.2[0.6] -0.3[2] 0.1[0.2] 03[2.8] 0.4[79] 0.1][0.2] 0.1[04] 0.3]7.7]
C1 C2 c3 c4 c5 C6 Cc7 c8
Importance of enjoyment
rank traffic -0.2[0.5] 0.1[05] 02[15] -0.3[44] -0.3[42] -0.4[10.6] 0.0 [0] 0.3 [4]
perception safety 0.6 [6.7] -0.1[0.2] 0.1[0.3] 0.1 [0.4] 0.0 [0] 0.4 [8.8] -0.1[1.2] 0.1 [0.9]
rank environment -0.1[0.1] 0.1[0.1] 0.2[1.5] -0.4[55] 0.1[0.2] 0.4[8.1] 0.2[3.4] -0.3]5]
rank equipment 0.0 [0] 0.0 [0] 0.3 [2.3] -0.4 [4.7] 0.2 [2.8] 0.4[7.3] 0.0][0] -0.3 [4]
sat. w/ parking work/school 0.5[4.5] 0.1[0.1] 0.4[42] 0.1[01] 0.2[2.1] -0.4[6.8] 0.1[0.8] -0.1[1.3]
rating safety @ crossings -0.2[0.71 0.0([0] ©0.2[15] -0.1[0.5] -0.3[3] -0.3[6.4] 0.1[1] 0.3 [4.4]
rank surface -0.3 [1.5] -0.1[0.5] 0.4([3.9] -0.1[0.4] 0.3][5] 0.3 [6] -0.1 [0.8] 0.0 [0.1]
C1 Cc2 c3 ca c5 Cc6 c7 c8
Suitability of surfaces
gravel yes 14[0.6] 0.5][0.1] -03[0] ~-1.4[2.1] -0.6[0.5] 0.9][1.6] 2.4 [14.4] 0.4 [0.4]
cobblestones yes 1.1[0.5] 0.7[0.3] -0.9[0.5] -0.7[0.5] -0.5[0.5] 1.1[2.9] 2.0 [12.1] 0.1[0.1]
rating cycle lane width -0.4[3] -0.1[0.2] 0.3[3.1] 0.0[0] 0.0[0] 0.0[0] 0.4 [10.5] -0.1 [0.2]
hard gravel yes 0.6 [0.5] 0.5[0.5] -0.4[0.5] -0.4[0.9] -04[1] 02][03] 0.8[8.8] 0.2][0.8]
tiles yes 0.8 [0.8] 0.3[0.1] -0.3[0.2] -0.3[0.4] -0.3[0.4] 0.3[0.5] 0.8[6.5] -0.2[0.4]
hard gravel no -0.3[0.2] -0.2[0.2] 0.2[0.2] 0.2[0.4] 0.2[0.5] -0.1[0.1] -0.4[4.3] -0.1[0.4]
tiles no -0.3 [0.3] -0.1 [O] 0.1[0.1] o0.1[0.2] o0.1[0.1] -0.1[0.2] -0.3[2.3] 0.1[0.2]
gravel no -0.1[0] ©0.0[0 0.0[0 0.1[02] 0.0[0 -01[01] -0.2[1.1] 0.0]0]
cobblestones no -0.1[0] -0.1[0] 0.1[0] 0.1]0] 0.0[0] -0.1[0.2] -0.2[1] 0.0 [0]
C1 C2 c3 ca C5 Cé6 c7 c8
Importance of safety
rank intersections -0.2[1.3] 0.1[0.2] 0.2[0.9] -0.3[3.7] 0.3][3.1] -0.1[0.3] 0.1[0.7] 0.5[14.5]
rank separation -0.2[0.5] 0.2[1] ©0.3[2] -05[89] 0.0[0] -0.2[2.2] -0.1[0.3] 0.4[11.7]
rank network consistency -0.3[1.7] 0.0 [0] 0.2[0.9] -0.3[3.4] 0.3[4.8] 0.2[25] 0.1[0.3] 0.4[9.2]
rating remove level differences | .03 [1.8] -0.3[1.6] 0.3 [3.3] 0.4 [49] 0.2 [1.3] 0.0 [0] 0.0 [0] 0.3 [5.2]
Table 8 continued-Component coefficients and contributions for each variable from the original
dataset
l. Numbers outside brackets represent variable coordinates, numbers inside brackets represent
variable contributions
1. Sat. w/ abbreviates satisfaction with referring to the questions described in Table 6. Rank

refers to the ranked questions described in Table 5. Rating refers to the rating of route

attributes described in Table 7
111. For binary variables yes/no indicate the score for the corresponding response
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Components

1: Satisfaction

9.74% of variance

2: Avoidance of adverse
conditions

8.49% of variance

3: Importance of an orderly
network

7.36% of variance

4: Importance of speed

5.52% of variance

5: Importance of network
continuity

4.49% of variance

6: Importance of enjoyment

3.89% of variance

7: Suitability of surfaces

3.52% of variance

8: Importance of Safety

3.32% of variance

Description of component

Higher for cyclists who are more satisfied with the cycling network
and parking, perceive themselves to be safe, and ride in more
conditions. Lower for individuals who value an orderly network.

Higher for cyclists who do not ride in various weather and surface
conditions, lower for those who do.

Higher for cyclists who value controlling bicycle path conditions
including surrounding plants, leaves, and dirt, and for those who
value police checks of path use, smooth surfaces, separation from
vehicles, and parking at home. Higher for satisfied individuals and
those who feel safe and lower for those who value speed.

Higher for cyclists who value route distance, time, removal of level
differences, surface, and an orderly bicycle network. Lower for
those who value safety and recreational aspects of cycling.

Higher for cyclists who value minimizing stops, network
consistency and surface. Lower for cyclists who value snow
removal and ride in the cold. Snow removal may not be important
to this variable because respondents scoring highly in this
component are less likely to ride in the cold.

Higher for cyclists who perceive cycling as safe and value route
environment, facilities, and surface. Higher for those who ride on
more surfaces. Lower for those who value traffic conditions and
safety at crossings. Also lower for cyclists who are satisfied with
parking at work or school.

Higher for cyclists who find all surfaces to be suitable, and value
distance, time and cycle lane width. Lower for those who don’t
find the surfaces included suitable and those who are satisfied with
cycling path width.

Higher for cyclists who value intersections, separation from
vehicle traffic, bicycle network consistency, safety at crossings,
traffic, distance, and time, and those who are satisfied with bicycle
network attributes. Lower for those who are satisfied with parking
and are concerned about the environment and equipment.

Table 9- Names and profiles of the eight components

54



4.2 Hierarchical clustering of cyclists

After using FAMD in section 4.1 to break down the dataset into comprehensible components that
explain variation between individuals’ survey responses, it is possible to cluster individuals on
those components to identify more homogenous clusters than the total sample of cyclists. To
create hierarchical clusters this paper uses Ward’s method, which is an agglomerative clustering
method. Agglomerative clustering starts with each member of a sample in their own individual
clusters, combining clusters successively until they are all clustered together in a single tree.
Ward’s method uses a distance metric between points in a cluster and the cluster’s centroid. The
summation of the square of each of those distance is a metric for the variance within the cluster,
and at each stage of ward’s method the two clusters are joined that will result in the minimum
total within-cluster variance for all clusters until the joining of the final two clusters. (Batagelj,

1988)

To determine distances between clusters and their centroids, Manhattan distance was used and is
described in Equation 4. Manhattan distance is the aggregate distance between two variables on
all of the axes considered individually. Equation 4 describes the distance between the points P1
and P2 which lie in an N dimensional plain with axes X to N using Manhattan distance. (Black,

2006)

Equation 4- Manhattan distance between points P1 and P2 in N dimensions

|X; — Xo| + -+ [Ny — Ny

Clustering the original observations of the 651 individuals using Ward’s method and measured
with Manhattan distance yields the dendrogram in Figure 6. The dendrogram is shown split into

the six clusters considered in further analysis. A Six cluster alignment was chosen because it

55



enables description of the most homogeneous clusters of cyclists while still maintaining
sufficient group sizes in each cluster. The heights on the Y-axis of the dendrogram represent the
sum-of-squares of the Manhattan distances between the points of a cluster and its centroid,

showing the variation within each cluster where it is formed.

Hierarchical Clustering

10
|

Figure 6- Dendrogram of the hierarchical clustering using
Ward's method with Manhattan distance, shown split into six
clusters

The six clusters of individuals that were chosen from the Ward’s method clustering of the
Manhattan distances between coordinates on the eight components are described in Table 10.
The names are given to the clusters based on their within-cluster mean scores for the principal
components that are shown in Figure 7. Each of the eight components from the previous section
has a mean that is statistically significant at a 95% confidence level for at least two of the
clusters based on a one-way analysis of variance test. This means that there is at least a 95%
chance that the mean’s value is due to differences between the cluster and overall sample and not
due to random chance. Additionally each of the clusters is significantly described by at least five

of the eight components, with both positive and negative relationships.
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Cluster name

1: Critical cyclists

2: Comfort cyclists

3: Committed cyclists

4: Cautious cyclists

5: Content cyclists

6: Convenience
cyclists

Cluster description

Critical cyclists value orderly network, are the least satisfied, and do not

avoid adverse conditions. They have a low value of continuity,
enjoyment, and importance of safety. They seem to ride because it is

practical, but prefer to do so on the bicycle network.

Comfort cyclists strongly avoid adverse conditions and value an orderly

network, continuity, and recreation. Similarly to cluster 1, they have low

satisfaction with conditions. They find the bicycle network to be

important and only ride when the conditions are ideal.

Committed cyclists value speed, continuity, and enjoyment. They are the

most willing to ride in adverse conditions and do not value an orderly
network, however they do prefer continuity. They ride because it is
practical but also value the recreational aspect and would likely do so

with or without bicycle network improvements.

Safety conscious cyclists avoid adverse conditions and traffic
interaction. They are not worried about the speed of a route, which is
inversely correlated with concern for safety. They are also not very
concerned with an orderly network or continuity, and find a variety of

surfaces to be suitable.

Content cyclists are satisfied with the bicycle network. They do not
avoid adverse conditions, but are also not at all concerned with speed.
They are concerned with an orderly network and continuity but do not

find diverse surfaces to be suitable.

Convenience cyclists cycle because it is practical and fast, but only in
ideal conditions. They are satisfied with the bicycle network, but they

avoid adverse conditions. They are not very concerned with safety.

Table 10- Names and descriptions of the six clusters of cyclists considered

57



Figure 7- Values of significant (P>.95) components' within-cluster means
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With this understanding of the clusters of cyclists, differentiated by preferences, behaviors, and
satisfaction with bicycle infrastructure, it is possible to observe the similarities and differences
between individuals in each cluster. This paper hypothesizes that these clusters will be

substantially different demographically and geographically in their cycling behavior.
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5 Sociodemographic aspects of clusters of cyclists

The survey respondents vary demographically with significant differences between clusters and
categories of sociodemographic variables including gender, age, education, employment,
income, car access, bicycle access, and how often they ride bicycles. The clusters and categories
for each categorical demographic variable were tested with Pearson’s chi-squared test to
determine the likelihood that the differences between them occurred by chance. The chi squared
test is described in Equation 5, where X2 is the test statistic, Oi is the observed frequency for the
ith level of the variable and E; is the expected frequency of the ith variable. The P—value of the
test is the likelihood of observing data at least as extreme as observed assuming the there is no
difference between the categories. The chi-squared test is generally valid only in situations where
the expected value of most or all of the categories within the cross classification is greater than
five. (Franke, et al., 2012) For this reason, the demographics were grouped in a way to give each
of the categories sufficient expected values. For the variable “Bike access”, the P-value was
taken considering only two groups, which were always and less than always. All groups were
kept in the contingency table to better describe the sample and to remain parallel with the “car
access” variable. P-values are included with the variables in Table 11 and Table 12 along with
contingency tables between the categorical demographic variables and the clusters. Variables

with a chi squared test P-value less than .05 are discussed following the contingency tables.

Equation 5- Pearson's chi squared test

Z" 0; — E;)?

statistic X2 = ( i i)

: E;
=1
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Critical Comfort Committed Cautious Content Convenience

# % # % # % # % # % # %
Population 105 16.1% 95 14.6% 98 15.1% 111 17.1% 146 22.4% 89 13.7%
Gender * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =3.353e-05 # % # % # % # % # % # % # %
Male 289 45.0% 35 33.3% 47 49.5% 61 63.5% 44 39.6% 73 50.0% 29 32.6%
Female 353 55.0% 70 66.7% 48 50.5% 35 36.5% 67 60.4% 73 50.0% 60 67.4%
Age * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.001523 # % # % # % # % # % # % # %
0-24 59 9.2% 6 57% 11 116% 8 83% 7 6.3% 14 9.6% 13 14.6%
25-39 292 45.5% 41 39.0% 34 35.8% 51 53.1% 67 60.4% 65 44.5% 34 38.2%
40-64 265 41.3% 55 52.4% 40 42.1% 36 37.5% 33 29.7% 62 42.5% 39 43.8%
65+ 26 4.0% 3 29% 10 105% 1 1.0% 4 3.6% 5 34% 3 3.4%
Children OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.127 # % # % # % # % # % # % # %
Yes 238 37.1% 40 38.1% 23 24.2% 38 39.6% 47 42.3% 55 37.7% 35 39.3%
No 404 62.9% 65 61.9% 72 75.8% 58 60.4% 64 57.7% 91 62.3% 54 60.7%
Education * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.03586 # % # % # % # % # % # % # %
Gymnasium or lower 115 17.9% 20 19.0% 21 22.1% 8 8.4% 14 12.6% 32 21.9% 20 22.5%

post-secondarynotuniv. 70 10.9% 11 10.5% 13 13.7% 7 7.4% 9 8.1% 21 144% 9 10.1%

university/college 456 71.1% 74 70.5% 61 64.2% 80 84.2% 88 79.3% 93 63.7% 60 67.4%
Partner OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.1569 # % # % # % # % # % # % # %

Living with partner 408 63.8% 56 53.8% 65 69.9% 58 60.4% 76 68.5% 93 63.7% 60 67.4%

Not living with partner 231 36.2% 48 46.2% 28 30.1% 38 39.6% 35 31.5% 53 36.3% 29 32.6%

Employment * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.007099 # % # % # % # % # % # % # %

Works a job 469 73.2% 80 76.2% 59 62.1% 72 75.0% 86 77.5% 111 76.6% 61 68.5%
Student 103 16.1% 15 143% 14 14.7% 18 18.8% 14 12.6% 21 14.5% 21 23.6%
Neither 69 10.8% 10 9.5% 22 232% 6 6.3% 11 99% 13 9.0% 7 7.9%
Income * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value =0.009387 # % # % % # % # % % # %

<10,000 SEK 84 13.1% 13 12.4% 16 16.8% 13 13.5% 9 8.1% 15 10.3% 18 20.2%

10,000 SEK -14,999 SEK 62 9.7% 11 10.5% 11 11.6% 11 11.5% 11 99% 13 89% 5 5.6%
15,000 SEK -24,999 SEK 72 11.2% 9 86% 9 95% 5 52% 12 10.8% 28 19.2% 9 10.1%
25,000 SEK-34,999 SEK 231 36.0% 47 44.8% 24 253% 32 33.3% 45 40.5% 51 34.9% 32 36.0%
35,000 SEK-50,000 SEK 105 16.4% 12 11.4% 15 15.8% 22 22.9% 20 18.0% 24 16.4% 12 13.5%
>50,000 SEK 31 4.8% 2 19% 4 42% 4 42% 6 54% 6 41% 9 10.1%
No response 57 89% 11 10.5% 16 16.8% 9 9.4% 8 72% 9 62% 4 45%

Table 11- Contingency tables of each cluster's membership by gender, age, whether they
have children, education, whether they have a partner, employment, and income



Critical Comfort Committed Cautious Content Convenience
Population 105 16.1% 95 14.6% 98 15.1% 111 17.1% 146 22.4% 89 13.7%
Driver's license OVERALL Critical Comfort Committed Cautious Content Convenience
p-value = 0.9542 # % # % % # % #
Yes 545 849% 88 838% 82 86.3% 82 854% 93 83.8% 122 83.6% 78 87.6%
No 97 15.1% 17 16.2% 13 13.7% 14 146% 18 16.2% 24 16.4% 11 12.4%
Car access * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value = 0.01145 # % # % % # % #
Always 144 22.4% 20 19.0% 24 253% 22 229% 25 22.5% 31 212% 22 24.7%
Usually 184 28.7% 23 219% 34 358% 17 17.7% 39 35.1% 40 27.4% 31 34.8%
Sometimes 107 16.7% 18 17.1% 16 16.8% 20 20.8% 11 9.9% 24 16.4% 18 20.2%
Rarely 124 19.3% 23 21.9% 9 9.5% 23 24.0% 28 252% 28 19.2% 13 14.6%
Never 83 129% 21 20.0% 12 12.6% 14 14.6% 8 7.2% 23 15.8% 5 5.6%
Bike access * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value = 3.091e-08 # % # % % # % #
Always 422 65.7% 67 63.8% 40 42.1% 68 70.8% 68 61.3% 120 822% 59 66.3%
Usually 206 32.1% 35 333% 46 48.4% 28 29.2% 42 378% 26 17.8% 29 32.6%
Sometimes 12 1.9% 2 1.9% 8 8.4% 0 0.0% 1 0.9% 0 0.0% 1 1.1%
Rarely 2 0.3% 1 1.0% 1 1.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
How often do you ride? * OVERALL Critical Comfort Committed Cautious Content Convenience
p-value < 2.2e-16 # % # % % # % #
5-7 days per week 500 77.9% 93 88.6% 43 453% 87 90.6% 90 81.1% 129 884% 58 65.2%
Less 142 22.1% 12 11.4% 52 54.7% 9 9.4% 21 189% 17 11.6% 31 34.8%

Table 12- Contingency table of each cluster's membership by driver's license status, car access,

bicycle access, and how often they ride

Table 13 discusses notable and significant conclusions from the contingency tables in Table 11

and Table 12 to develop demographic profiles compared with the population at large for each of

the clusters. The categories within the demographic variables that have substantially different

distributions than the survey sample are noted. Demographic variables are considered that have

chi-squared test p-values lower than .05, indicating a significant probability that their frequency

distribution is due to differences between clusters and the categories of the demographic

variables.
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Table 13- Demographic profiles of the clusters

Cluster name

Demographic profile

1. Critical
cyclists

2. Comfort
cyclists

3. Committed
cyclists

66.7% female compared with the 55% female survey sample. Smaller
percentage in the 0-24, 25-39, and 65+ age groups with a larger portion in
the 40-64 age group. Higher percentage in the 25-35 thousand SEK/month
income bracket with lower percentages in the 35-50 thousand and 50
thousand + SEK/month income brackets. Less likely to always or usually
have car access, and the most likely of all clusters to never have car access.

More likely than the survey sample to ride their bike 5-7 days per week.

4.5% larger portion male than the survey sample. Of 26 people in the 65+
age group, 10 fall in the comfort cluster, while a substantially smaller
portion fall in the 25-39 age group. A higher portion have a highest
educational attainment of secondary or lower and a smaller portion have
completed university or college than in the survey sample. A lower portion
of comfort cyclists work a job and a higher portion are neither working nor
in school. The largest portion of people who didn’t respond to the income
prompt are in the comfort cluster and there is a larger portion of the lowest
income group. The smallest portion of people in the 25-35 thousand
SEK/month income range are in the comfort cluster. A larger portion
usually have car access, while a smaller portion never have car access. The
smallest portion of comfort cyclists between all clusters always have
bicycle access, and eight of the 12 who only sometimes have bicycle access
fall in this cluster. The smallest portion, 45%, of comfort cyclists ride 5-7

days per week.

63.5% male compared with 45% in survey sample. Higher portion in the
25-39 age group, with lower portions in the older age groups compared
with survey sample. The lowest portion of any cluster with highest
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4. Cautious
cyclists

5. Content
cyclists

education of secondary or lower and post-secondary besides university or
college. The highest portion of any cluster with highest education of
university or college. The lowest portion of any cluster that neither work
nor attend school. Lowest portion of any cluster in the 15-25 thousand
SEK/month income bracket with a higher portion than the survey sample in
the 35-50 thousand SEK/month bracket. The lowest portion of all clusters
to usually have access to a car, with higher portions rarely or never having
car access. Higher portion to always have access to a bicycle, and the

highest portion of all clusters to ride 5-7 days per week.

5.4% larger portion female than the survey sample. Highest portion in the
25-39 age group and lowest portion in the 40-64 age group of all clusters.
Lower portion in with highest education of secondary or lower and post-
secondary besides university or college and higher portion having
completed university or college than in the survey sample. Higher portion
of workers and lower portion of students in cluster. Lower portion in the
lowest income bracket and slightly higher portions in the three highest
income brackets than in the survey sample. Higher portions usually and
rarely have car access while lower portions sometimes and never have car
access compared with the survey sample. A slightly smaller portion of the
cluster always have bicycle access, and a slightly higher portion ride 5-7

days per week.

5% larger portion male than in the survey sample. The lowest portion of
any cluster with a highest educational attainment of university or college. A
higher portion of content cyclists make 15-25 thousand SEK/month and a
slightly lower portion make more and less than that in the survey sample. A
somewhat larger portion of content cyclists never have access to a car while
a substantially higher portion always have access to a bicycle. A larger
portion in this cluster cycles 5-7 days per week than in the survey sample.
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6. Convenience = The largest portion female of all clusters with the largest portion in the 0-24
cyclists age group. Smaller portion in the 25-39 age group than in the survey
sample. Slightly higher portion with a highest education of secondary or
lower potentially due to the large portion of young people. Larger portion
of students and lower portion of workers or people who do neither than in
the survey sample. Larger portions in both the lowest and highest income
groups with equal or lower portions in all other income groups than in the
survey overall. Of all clusters, the smallest portion of convenience cyclists

ride 5-7 days per week and rarely or never have access to a car.

With an understanding of the sociodemographic similarities and differences between clusters of
cyclists and the unique behaviors, preferences, and satisfaction levels of each cluster, this paper
has developed specific profiles of each cluster. To further contribute to these profiles, Chapter 6
will examine the differences between origin and destinations of reported routes between clusters.
Additionally it will discuss the route reporting task from the survey and the routes ridden by

respondents.
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6 Spatial analysis of cycling behavior

During the survey studied in this paper, shown in full in appendices A (Swedish) and B
(English), respondents were asked to draw a map of a ride or multiple rides they complete in the
city on a computer map interface. They were asked to enter starting and ending locations and
then to adjust the route in between to make it as accurate as possible to indicate where they
actually rode. Respondents were additionally asked to provide feedback about the route and
provide a trip purpose for further analysis, although very few respondents completed this section
of the task. The survey also had default settings for the route rating and purpose, which may have

artificially skewed the responses toward those responses and made the responses not useful.

Respondents had varying degrees of success at making their reported route accurately mirror the
transportation network. Because the route starts as a straight line between their origin and
destination, and becomes more accurate as they add more points to the line, some respondents
made it very clear where they rode, and some simply left their route as a perfectly straight line.
Responses were filtered to retain only the somewhat reasonable responses, with a sufficient
number respondents for analysis. Additionally circuitous routes that had more than three times
the route distance to straight-line distance were filtered to concentrate on cycling routes used for
transportation. Because matching routes to the transportation network would have been
inaccurate due to the nature of the mapped routes, origin and destination locations were analyzed

by postal codes and by clusters of cyclists.

Because some cyclists responded to this section of the survey with up to twelve routes, they
could have skewed the data toward their own frequented postal codes if they were all considered.

To avoid this effect, only the first route each of the respondents entered in the survey was
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considered for the analysis of this section. To verify differences between the clusters of cyclists
and the origin and destination postal codes, chi-squared tests were performed on cross
classification frequency tables. The p-value of the chi-squared test for the origins categorized by
cluster was 0.058, indicating that the differences between origins and zones are nearly significant
at a 95% confidence level. The p-value of the chi-squared test for the destination zones
categorized by cluster was 0.039, indicating that the differences between those categories are

significant at a 95% confidence level.

Origins
Destinations|211/212|213(214|215/216/217|218/222(223|230(232/234|235|238/245|Total
211 34 |32 19 45 |7 |10 (25 /8 |0 [0 |1 (3 |3 |0 |2 |2 181
212 g 11 J7 2 |2 |3 |0 |0 |1 |0 1 |0 |0 |0 |0 |36
213 T {1 o 3 1 4Jjr 3 1 |0 (0 [0 |0 |0 |0 |0 |0 |11
214 15 |7 |1 1512 |5 1212 |2 |0 |0 |0 |0 |0 |1 |0 |62
215 T {1 1 o 2 |2 |2 |2 |0 [0 [0 |0 |0 |0 |0 |0 |11
216 5 0 0 (3 0 01 |0 0o 0 0O |0 |0 0 |0 |0 |9
217 8§ | |o |7z | |2 |3 0 |0 [0 [0 0 |0 |1 |0 |0 |23
218 o o0 o0 o0 o o 1®* 1 |0 o |0 0 |0 |0 0 |0 |2
223 o o0 o0 1 o [0 1 0 [0 0O |0 0 |0 |0 |0 |3
226 1 0 o0 1 0 0 0 0O |0 0 |0 0 |0 |0 |0 |0 |2
230 o 1 /o0 1»»0 o0 o0 0 0 O 0 0 0 |0 |0 |0 2
232 0o o o 2 O 0 0 O0 0 o0 OO 0 O0 0 0 0 2
237 o o [0 0o 0o o 1 0|0 O |0 0O 0O 0 |0 |0 |
Total 73 |54 |12 |85 |15 |22 |52 15 |2 |1 |1 |4 3 |1 |3 |2 345

Table 14- Origin-destination matrix for each of the three-digit postal codes with origins and/or
destinations

Table 14 is an origin-destination matrix showing the number of trips going between each pair of
zones housing origins and/or destinations. Figure 8 shows the number of origins and destinations
in each three-digit postal code in the central areas considered. It demonstrates that while Postal
Code 211 had more than twice as many destination points as origin points, all other zones with
substantial activity had more origin points than destination points. Postal Code 211 had the

largest number of destination while Postal Code 214 had the most origins. Additionally the most
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central postal codes had the largest numbers of origins and destinations. To ensure there were
high enough expected frequencies for each of the categories, some postal codes were combined

as demonstrated by the maps in Table 16.

Legend

- Origins
- Destinations

Figure 8- Number of origins and destinations in
central postal codes

Table 15 shows the area, residential population and density, daytime population and density, and
average income of each of the zones of analysis. Because the three-digit postal codes are larger
areas that contain several smaller five-digit postal codes, the statistics do not represent the 3-digit
zones as a whole. They instead describe the aggregate of the five-digit zones with origins and/or
destinations in the dataset within each three-digit zone. This is meant to ensure the average
income, and population densities describe the origins and destinations as accurately as possible.
These areas of analysis within the post codes will henceforth be referred to as zones one through

five.
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Area Population Daytime Average

Post (sq. (per sq. Daytime Population Income
Zone Code(s) km) Population km) Population (per sq. km) (SEK/year)
1 211 14 33,800 2,471 56,903 4,160 229,536
2 212-213 29 57,407 1,975 40,332 1,387 149,861
3 214 6 49,672 8,857 20,629 3,678 140,699
4 216-217 13 54,929 4,127 12,033 904 235,361
5 Others 90 45,335 506 22,320 249 180,874

Table 15- Area, population, density, and income of five-digit post codes grouped by zone of analysis
(ESRI, 2016)

Although Zone One had the third highest residential population density, it had the highest
daytime population density and the second highest average income. Additionally it is the only
zone with a higher daytime than residential population density, indicating that it is largely an

employment center.

Zone Two covers a large area with the fourth highest residential population density and the third
highest daytime population density of any of the zones. It has the second highest ratio of daytime
to residential population density indicating it is also an area of much employment. Additionally it

has the second lowest average income.

Zone Three is less than half the area of any of the zones with the lowest average income and by
far the highest residential population density. It has the second highest daytime population
density, although it is less than half its residential density. Zone Three is a dense urban

population center that also has a lot of employment.

Zone Four is the second smallest zone with the highest average income. It is mostly residential
with more than four times its daytime population in residential population. The two zones with

the highest average income, Zone One and Zone Four are largely along the water.
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Zone Five, which largely consists of post codes outside the city center predictably has the lowest
residential and daytime population densities. With just over twice its daytime population in
residential population it appears to be largely residential and has the third highest average

income.
Total Trips by Cluster (n=345)

18%
= Critical = Comfort Committed
Cautious = Content = Convenience

Figure 9- Trips in analysis by cluster

Table 16 shows the frequencies of each of the origin and destination zones for each of the
clusters of cyclists along with shaded maps showing the geographic locations of the zones. A
large labeled map of all of the zones is included in Appendix C. Figure 9 shows the total number

of trips considered by members of each of the clusters.

Table 17 shows heat maps of each of the cluster’s odds ratio of origins plus destinations by
three-digit post code (not the zones mentioned above, but the areas those zones are based upon)
to demonstrate where each cluster has comparatively more and less activity. The odds ratios
describe the ratio between the odds of cluster membership for origins and destinations within
each three-digit post-code and the odds of cluster membership in the entire sample of origins and

destinations. Some of the more outlying three-digit post codes have few or no origins and
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destinations, so the clusters that have origins and destinations there show up with very high odds

ratios.

Table 16- Pie charts of each origin and destination zone by cluster with maps of each zone

»Citial -« Comfort = Commitied | P_ysalye of X test: 0.058 P-value of X? test: 0.039

» Cautious u Content = Convenience

Origins (n =73) Destinations (n = 181)

/Y

[ Kilometers

Zone 1

Origins (n = 66) Destinations (n = 47)

Y

[ Kilometers

Zone 2
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= Critical

» Cautious

» Comfort = Committed

1 Content 1 Convenience

P-value of X? test: 0.058

P-value of X? test: 0.039

Zone 3

[ lKilometers

Origins (n = 85)

v

Destinations (n = 62)

Y

w»

Zone 4

[ Kilometers

Origins (n = 37)

Sh
-y

Destinations (n = 32)*

P
d 4

Zone 5

25
[ IKilometers

Origins (n = 47)

&/A

Destinations (n=23)*

7

* Because of small number in category, percentages in each cluster should be considered lightly.
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Cluster 1- odds ratios of critical cyclists by three-digit post code, darker green indicates

higher odds ratio.

[ | Kilometers

Cluster 2- odds ratio of comfort cyclists by three-digit post code, darker green indicates

higher odds ratio.

l | Kilometers
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Cluster 3- odds ratio of committed cyclists by three-digit post code, darker green indicates

higher odds ratio.

[ | Kilometers

Cluster 4- odds ratio of cautious cyclists by three-digit post code, darker green indicates

higher odds ratio.

l | Kilometers
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Cluster 5- odds ratio of content cyclists by three-digit post code, darker green indicates

higher odds ratio.

l | Kilometers

Cluster 6- Odds ratio of convenience cyclists by three-digit post code, darker green

indicates higher odds ratio.

[ | Kilometers

Table 17- Heat maps of odds ratios of cluster membership within zones and cluster membership in the
entire sample for all clusters. Darker greens represent higher odds ratio and thus higher levels of activity.
White post codes indicate no origins or destinations in the area. To see post code number labels see

Appendix C.
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Table 18 describes the profiles of each of the clusters of cyclists based on their portion of origins
and destinations within each zone, indicating zones where each cluster’s origins and/or
destinations are at least 5% different than expected under the null hypothesis. The total trips by
cluster described in Figure 9 are used for comparison with frequencies of origins and destinations
by zone described in Table 16. It is important to note that there is no reliable information about
trip purpose available for these trips, and for some of the respondents this represents only one of
the several trips they marked on the map. Analysis of destinations in Zones 4 and 5 should be
considered cautiously due to expected frequencies of fewer than 5 in some categories due to
small sample sizes. Despite these limitations the information and insight provided are useful for
analysis and significant at a 94% confidence level. Additionally the odds ratios of origins and
destinations by three-digit-post code (not the same zones from table 16) compared with the
whole survey for each cluster are shown in Table 17, and are used to further the discussion of

cluster descriptions in Table 18.

Zone Profiles of origins and destinations in zones by cluster

Critical Critical cyclists have 6% fewer than their expected trips to Zone One. They
have 10% and 9% more trips than expected to Zones Two and Three
(n=54) Respectively, demonstrating that they travel more to the inland inner-city areas
with lower income. They traveled 7% and 10% less than expected from Zones
Three and Five respectively, and traveled 8% more from Zone Four which is
the area with the highest average income. It is clear from the odds ratio map in
Table 17 that critical cyclists have comparatively high levels of activity in post
codes 213 and 217, which are parts Zone Two and Zone Four respectively.
Alternatively, post code 215, which is a part of Zone Five, has a particularly
low level of activity. Critical cyclists have activity generally condensed to the

center with the exception of activity post codes 222 and 223.

75



Comfort

(n=43)

Committed

(n=62)

Cautious

(n=62)

Comfort cyclists traveled 6% less than expected to Zone Two and 6% less than
expected from the dense Zone Three. Additionally they traveled 9% more than
expected from Zone Five, which is the least dense zone with the highest
income, including the outlying areas. Based on the second odds ratio map in
Table 17, it is clear that comfort cyclists have a comparatively high level of
activity in post codes 218, 222, 238, 232, 234, and 237, all of which are a part
of Zone 5. Additionally, comfort cyclists have a particularly low level of
activity in post code 214 which is the same area as the densest Zone Three. It is
clear that comfort cyclists’ activity level has a negative correlation with

population density.

Committed cyclists traveled 9% less than expected from Zone One and 10%
more than expected to Zone Five. Additionally twice the expected trips to Zone
Five were completed, although the sample size is too small for this to be
trusted, it appears that these committed cyclists are more willing to ride to and
from outlying and dense areas. According to the third odds ratio map from
Table 17, it is clear that committed cyclists have high levels of activity in some
of the outlying post codes that partially comprise Zone Five, while having a
comparatively low level of activity in the central areas with the exceptions of
post code 214, which is the densest area. Post codes 216 and 218 had especially

low activity for committed cyclists.

Cautious cyclists traveled 5% and 10% less than expected from and to Zone
Two respectively. They traveled 7% more than expected from the densely
populated and low-income Zone Three. Additionally they traveled less than
expected both from and to Zones Four and Five, which are the relatively high-
income areas with low daytime population densities. Based on the fourth odds
ratio map in Table 17, cautious cyclists have an especially high level of activity
in post code 214, which wholly comprises Zone Three. Cautious cyclists had
especially low levels of activity in post code 213, which is a part of Zone Two,

and post code 215, which is a part of Zone Five.
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Content Content cyclists traveled to the dense and low-income Zone Three 7% less than
expected. Although destinations in Zones Four and Five do not have high
(n=80) enough frequencies for confidence in expectations, there were 8% more trips to
high average income Zone Four and 14% fewer trips to low-population-density
Zone Five than expected. Based on the fifth odds ratio map in Table 17, content
cyclists had particularly low activity in post codes 215, 218, and 232, which are
the constituents of Zone Five that had the most overall activity. Of the central
post codes, content cyclists had the comparatively highest level of activity in

post code 216, which is a part of Zone Four.

Convenience | Convenience cyclists traveled 9% less from Zone One and 6% more from Zone
Five than expected. They traveled 4% less to Zone Four and 10% more to Zone
(n=44) Five than expected, although those categories had too small quantities to
properly test against expected values. Much like committed cyclists,
convenience cyclists appear to be willing to travel more to and from the
outlying areas. This makes sense as they seem to be more intense cyclists who
are concerned with speed. According to the final odds ratio map from Table 17,
convenience cyclists had a comparatively large amount of activity in the more
central post codes of Zone Five. Alternatively they had comparatively low

activity levels in the adjacent and expensive post codes 211 and 217.

Table 18- Profiles of all clusters based on percentage of origins and destinations by zone

At a 94% confidence level, the clusters of cyclists vary between origins and destinations in zones
of consideration, despite the varying and unstated purposes of trips between individuals. It is
clear that the convenience and committed cyclists are more willing to ride to and from the
outlying areas, while the other clusters of cyclists seem to ride in the inner areas of the city more
frequently. Despite that the clusters were formed by cyclists’ behaviors, preferences, and
satisfaction with cycling infrastructure, they vary significantly both demographically and

geographically.
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7 Conclusions

This thesis seeks to better the understanding of the heterogeneity within the population of
cyclists by separating them into clusters and observing the similarities and differences between
those clusters. Cyclists were clustered into categories based on components created through
Factor Analysis of Mixed Data, which is a principal component analysis method for reducing the
dimensionality of continuous and categorical variables together. (Pagés, 2014) The components
were formed based on variables that describe survey respondents’ preference for cycling route
attributes, cycling behavior, and satisfaction with existing cycling infrastructure in Malmg. With
scores from those components, respondents were grouped into six clusters of similar cyclists
through hierarchical clustering. These clusters were then studied to determine whether they were
also significantly different demographically and geographically based on origins and destinations

of reported routes that they rode.

The analysis is interesting because it examines and categorizes a heterogeneous sample of
cyclists based on one set of characteristics and then examines the relationship between those
categories and other sets of characteristics. Understanding those relationships will allow planners
to more holistically profile the population of cyclists, understanding better which clusters of
people are riding in which locations. It is useful because these insights can be applied to planning
cycling policies and infrastructure by targeting a group or groups of cyclists with which they are

expected to have the desired outcomes.

Although this thesis intends to aid planners in increasing cycling, it is limited in that it
exclusively includes current cyclists. The greatest opportunities to increase cycling may be in

promoting cycling to potential cyclists who currently do not cycle or cycle infrequently, while
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more than 45% of the members of each group created in this research cycle 5-7 days per week.
Additionally 77.9% of the total survey sample reported cycling 5-7 days per week. By
considering and clustering more individuals who cycle less frequently, it could be more
reasonable to draw conclusions about the differences between frequent cyclists, infrequent
cyclists, and non-cyclists. Additionally it could help planners understand what measures could

encourage the people who cycle less frequently to ride more often.

In Chapter Four, the 46 variables considered in the initial analysis are described by eight
components that represent: 1.) Satisfaction, 2.) Avoidance of adverse conditions, 3.) Importance
of an orderly bicycle network, 4.) Importance of speed, 5.) Importance of network continuity, 6.)
Importance of enjoyment, 7.) Suitability of surfaces, and 8.) Importance of safety. Based on
these components, groups of cyclists were created using hierarchical clustering. The resulting
clusters of cyclists are: 1.) Critical cyclists, 2.) Comfort cyclists, 3.) Committed cyclists, 4.)
Cautious cyclists, 5.) Content cyclists, and 6.) Convenience cyclists. Each of these clusters
contains a more homogenous group of cyclists with significant variation between cyclists in

different clusters.

Chapter Five and Chapter Six analyze the members of these clusters demographically and
spatially based on their cycling behavior. Chapter Five finds significant differences between the
clusters and categories of gender, age, education, employment, income, car access, bicycle
access, and the frequency with which they ride bikes. Demographic profiles are developed based
on this information for each of the clusters of cyclists. Chapter Six analyzes the origin and
destination locations of reported trips by cyclists and finds substantial differences between
clusters of cyclists and postal-code-based zones of origin and destination. It describes those

zones demographically and develops profiles for each of the clusters of cyclists based on where
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their higher and lower than expected origin and destination frequencies arise. These analyses
substantiate the thesis statement, demonstrating that cyclists clustered by cycling behavior,
preference, and satisfaction are also substantially connected by their personal characteristics and

their cycling behavior.

Future research should take clustering of cyclists farther by examining the difference of route
choice behavior by the different clusters of cyclists to determine which route attributes different
clusters seek out and avoid. Additionally it would be interesting to study how particular
treatments affect cyclists’ satisfaction by surveying the same groups before and after changes in
infrastructure and policy. This would enable planners to understand how actual changes
differently affect the subgroups within the population of cyclists. Finally future research aimed to
increase cycling should examine a broader cross section of the community to better understand

infrequent cyclists in addition to the generally frequent cyclists considered in this thesis.
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Appendix A- Survey in original Swedish

1

Malen stad

Malmié har flera gdnger utnémnts till Sveriges basta cykelstad, senast farra ret,
och wisst &r det roligt med utmarkelser, men i tycker att det &r du som cyklar
som gdr Malmad till den basta oykelstaden. Mu behéver vi din hjélp for att bli dnnu
battre. Svara pa nagra fragor om vad som &r viktigast for dig och visa oss vilka
vagar du valjer nar du cyklar. Du kan &ven peka ut platser du tycker &r bra eller
daliga ur cykelsynpunkt. Har du dessutom férslag pa vad ett kormmande
hyroykelsystern | Malmé skulle kunna heta, kan du vara med och tévla om en

eloykel och tva airbags fér cyklister.

Kan du i allmdnhet anvidnda dig av cykel ndr du behdver?

0 Ja, alltid

O Ja, for detmesta
0 Ja, ibland

! Mg, sillan

Har du korkort for bil?
) Mej

Kan du i allmdnhet anvidnda dig av bil ndr du behdver?

' Ja, alltid
0 Ja, for detmesta
0 Ja, ibland
L Mej, sdllan

! Mg, aldrig

Sida 1/5
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1M

Mo | ey il

Vilken typ av cykel och utrustning har du tillgdng till?
(Du kan vilja flera)

Standard
Rapar

Eloykel
Lasteykel
Ligzevkel
EZarTa till vkl

Hur ofta cyklar du normalt?

5-7dagar per vecka

34 dagar per vecka

173200, 'nasra ganger per vecka
19320n /ndgTa gAnger per manad
19320n, /ndgTa gAnger per T

Hur ofta reser du med cykel till fojande?

3 -';'I]arﬂarﬁngarpanﬂ_-:k,a 3—4,g51:@afrpan-;-:k,a Hégangfmgpan-;-d:a Négra,gﬁngarparmhad Négraﬁngzrparar Aldrig
Arbete ‘studier
Tjinsteresa
Midje fritidsaktivitet
Himta, Jimna barn

Brukar du cykla till hallplats/station nir du ska vidare med kollektivtrafik?

Ja, nir jag ska dka tag

Ja, nir jag ska dka buss

Ja, bade nar jag ska ika tag eller buss
Hej

Under vilka drstider anvinder du cyhkel?
(Du kan vilja flera)

Vir
Sommar
Hist
Vimter

Undviker du att cykla vid diligt vider eller underlag?
{Du kan vilja flera)

Ja, nar det regnar

Ja, nar det sniar

Ja, vid kraftig vind

Ja, nar det ir halka

Ja, nar det ir kaltt

Ja, nar det ir daligt skottat

Ja, nar det ligger mycket grus Jov
19g), jag cykdar cavzett vader
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Hur lang tid tar det i genomisnitt nir du cyklar till féljande, enkel vig?

Ej 0-10 10-20 0-30 2043 45-60 &0-00
aktuell minuter minuter minuter minuwter minuter minuter
Arbetestudier
Tjinsteresa
.

Wije/fritid=aktivitet
- T
Himta/lamna barm

Hur lang tid kan du som MAX tinka dig att cykla till féljande, enkel vig?

Ej 0-10 10-20 0-30 2043 45-60 &0-00
aktusll minuter minuter minuter minuter minuter minuter
Arbete studier
Tjansteresa
.

Wije/fritid=aktivitst
- 1T
Himta/lamna barm

Vad tycker du ar viktigast vid val av rutt med cykel?
Rangordna dem s& att ingen har samma varde.
(1 &r minst viktig och 10 &r mest viktig)

Se nedan f&r férklaringar

n
o

1
[==]

L]

1 2 3 4 10
Avstind

Tid

Trafiksgker

Fa korsningar

Separerat fran biltrafik

Sammanhingande nit
Jammnt och bra underlas

Finmas tryEs

Omgiviing, milid

Blirunacs Trgs: Hea byt viigar, o skymninds Do o

Urtrnsining: Toabkenoer, oykelpunpur, descd /by, cylokzrge, vanm o

sidaz/s

BIeT 3N oo
minuter

BT 3N oo
minuter

Tillbzka

Nasta
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14

Salma vhed

P2 nista sida kommer det komma upp en karta diir vi vill att du ritar ut hur du cyklar i staden och markerar platser som du tycker
fungerar bra eller daligt ur cykelsynpunkt,

Du kan nar som helst fa upp information om hur du gor for att skapa fardvig och markering genom
att trvcka pa fragetecknet Lingst upp till vinster pa nista sida.

Skapa fardvig

1. Skriv in adress pa din startpunkt, Altemativt trycker du avbryt och letar upp startpunkt manuellt i kartan och vinsterklickar.

= Leta upp din malpunkt och vinsterklicka, ¥u har du skapat en start- och malpunkt. Det kommer upp en mita dir du kan vilja
beskrivning av firdvigen, vilken typ av drende och sitta betye pa den.

3. Redigera fardviigen genom att dra i firkantema pd linjen, det skgpaz nya vart efter du justerar firdvigen, Forsok vara sa
noprrann 2om majligt. For att redigera beskrivning klickar du pa zjilva linjen.

4.dr du ar klar med fardvigen kan du skapa fler fardvagar genom att tnycka pa pennan med et plus.

Skapa markering

For att =kapa en markering pa kartan dir du antingen tycker ndgot dr positivt, negativt eller annan sympunkt trycker du pé
knappnélen. Sedan zoomar du in och markerar platsen. Aven har far du upp en ruta dér du viljer vad markeringen avser och du kan
#ven limna kommentar,

]ilkan ven lémma forslag pd forbattringsatgirder och/eller vilja Gversyn framkomlighet trafiksikerhet. Linma d3 kommentar pa
vad.,
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pduvtig® Tilbaka | Nasta
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Hur néjd dr du med féljande i Malmé? {Skala 1-5)

{1 missndjd, 5 mycket ndjd)

Malmi zom cykelstad

Mingden cykelbanor

Cykelbanornas skick

Cykelbancrnas bredd

Cmledning vid vagarbeten
Cyvkelparkering vid bostad
Cyvkelparkering vid affarer
Cyvkelparkering vid arbetsplats zkola
Cykelparkering pa offentliga platser
Cyvkelparkering vid 2ialmé €, Triangsln och Hyllie
Cyvhelparkering vid busshallplatzer

Vilka faktorer dr viktigast for dig ndr du parkerar din cykel for korta drenden?
(Du kan MAX markera 3 stycken)

Att parkeringen ir dvervakad (kameror vaktars)
Att cykelparkeringsn ir Bt

Att parkeringen ir upphst

Att det finme tak dver oykeln

Attjag kan l3za fast cyhelns ram i stallst

Att parkeringen ir lokalizerad nara dar folk ror sig
At parkeringen i néra min mélpunkt

Att det 3r gott om plats fir cyleln

Vilka faktorer dr viktigast fér att du ska kinna dig trygg med att parkera din cykel en lingre tid (en dag eller
mer)?

(Du kan MAX markera 2 stycken)

Att parkeringen ir dvervakad (kameror vaktare)
Att cykelparkeringen ir Bt

Att parkeringsn ir upphst

Att det finms tak dver cykeln

Aft jaz kan liza fast cvhelns ram i stallet

Att parkeringen ir lokalizerad nara dar folk ror sig
Att parkeringen i nira min mélpunkt

Att det 31 gott om plats fér oykeln

Kan du tinka dig att parkera lite lingre ifrdn din malpunkt om cykelparkeringen kinns siker?

Ja, cftast
Ja, om cykeln =ka 5t3 parkerad en Lingre tid
1ej
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Hur viktiga dr féljande dtgirder fér dig som cyklist?

(1 ej wiktig. 5 mycket viktig)

Jka tryzeheten s dkherheten i korsningar

Oka bredden pa cvkelbanor

Sopa bort v

Sopa bort gros

Argirder T att separera ziende och oykdister
Tabort mivaskilnader

linimera antal stepp

Fialla efter buskaze trad

Poliskontroler (tex kolla belyzning, mopedister)

Vilka material anser du vara limpliga som underlag pa cykelbanor?
(Du kan vilja flera)

Aszfalt

Grus

BLart packat zrus
Plattor

Gatzten

Skulle du kunna tanka dig att samla in data 4t oss med hjalp av gps, till exempel med en app i telefonen?

Ja
17g

Hur trygg kdnner du dig som cyklist i Malm&?

Ej tryzg Debis tryzs Trizs

sida g5

Tillbaka

=]
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Tavlingsfraga

Gidteborg har Styr & Sté#ll, Stockholm har sina City Bikes och Kipenhamn har byoykler.
Gidia med ditt kreativa Tdrslag |.\§ vad &It hyrovksdsyvstem Shulle kunna hata i Malmd. Det hista
lErslaget prisas med en doyled och yiterdigars 2 stycken bainas med an airbag Mr cyldister
[l dhu iinbe ha chansen att vinna kan do boppa dver att Tla i)

e ik

A

Skriv in namn och kontakt-information, e-post och/feller telefonnummer, <& att wi kan nd dig vid eventuel |
winst,

[l o inte ha chansen att vinna kan du oppa dver att Tlla i)

B

| A
Fegguieat

| A
Tithctosn:

| A
Hils 575
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Appendix B- Survey translated to English

Translated by Carl Wiman

Malmo has repeatedly been appointed the best cycling city of Sweden, most recently last year. Even
though awards are important we think that it is you, the cyclist, who make Malmo the best cycling city.
Now we need your help to get even better. Answer a few questions about what is important to you, and
show us what paths you choose when you ride. You can also point out the places you think are good or
bad from a cycling point of view. If you also have suggestions on what a future rental bike service in
Malmé could be named, you could win an electric bicycle and two inflatable helmets.

Can you generally use a bicycle when you need to?

Yes, always
Yes, most of the time
Yes, sometimes

No, rarely

Do you have driver’s license?

¢ Yes

¢ No

Can you generally use a car when you need to?

Yes, always

Yes, most of the time
Yes, sometimes

No, rarely

No, never

Page 1/5
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What kind of bicycle and equipment do you have access to?

(You can select multiple options)

-

I D R R

Standard
Road bike
Electric bike
Cargo bike
Recumbent

Trailers for bicycles

How often do you ride normally?

-

How often do you travel by bicycle to the following?

5-7 days per week

3-4 days per week
Once/few times per week
Once/few times per month

Once/few times a year

5 or more
times per

week

Work/studies C

Business travel
Purchase/errand

Entertainment/leisure

Visiting friends/family

Pickup/leave children

3-4 times
per week

Once / few
times per
week

A few times Several

per month

times a year

Never
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Do you cycle to the bus stop / train station to proceed with public transportation?

Yes, when | ride the train

Yes, when | ride the bus

Yes, both when | go by train and bus
No

During which seasons do you use a bicycle?

(You can select multiple options)

-

-
-
-

Spring
Summer
Autumn

Winter

Do you avoid cycling in bad weather or conditions?

(You can select multiple)

-

[ [ I R R R

Yes, when it rains

Yes, when it snows

Yes, in strong winds

Yes, when it's slippery

Yes, when it's cold

Yes, when it’s poorly shoveled

Yes, when there is a lot of gravel/leaves

No, | bike whatever the weather
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How long does it take, on average, when you cycle to the following one-way?

Work/studies
Business travel
Purchase/ errand

Entertainment/
leisure

Visiting friends/
family

Pick up/leave
children

Not

relevant minutes minutes

C

C

0-10 10-20

& &

- -

20-30
minutes

C

C

30-45

minutes minutes

C

'

45-60

C

'S

60-90

minutes 90 minutes

C

r

More than

C

r

What is the maximum time you would be willing to spend to cycle to the following, one-way?

Work/studies
Business travel
Purchase/ errand

Entertainment/
leisure

Visiting friends/
family

Pick up/leave
children

Not
relevant

C

f=»

0-10 10-20
minutes minutes

- -

- -

20-30
minutes

C

f=»

30-45
minutes

-

f=»

45-60
minutes

-

f=»

60-90

minutes 90 minutes

r

f=~.

More than

r

f=~.
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What do you think is the most important when choosing your bicycle route?
Rank them so that no one has the same value.

(1 being the least important and 10 being the most important)

Look below for explanations

Distance

Time

Traffic safety

Few crossings

Separation from traffic
Consistent network

Smooth and solid surface
Safety

Surroundings / Environment

Facilities

r

IS

IS

r

r

r

Feel safe: Well-lit roads, no concealing shrubbery, etc.

Facilities: Toilets, bicycle pumps, shower / changing rooms, bicycle garage, water, etc.

Page 2/5
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On the next page there will be a map where we want you to draw how you ride in the city and mark the
places that you think works well or badly from a cycling point of view.

You can always get information on how to create and mark route selections by pressing the question
mark at the top left on the next page.

Create route

1. Enter the address of your starting point. Alternatively, press cancel and find the starting point
manually on the map and left-click.

2. Locate your target point and left click. Now you have created a start and destination point. A
box will appear where you can describe the route, the type of errand and rate the route.

3. Edit the route by dragging the squares on the line, new squares will be created after each time
you adjust the route. Try to be as accurate as possible. To edit the description, click on the line.

4. When you are finished with the route, you can create additional routes by pressing the pen with
a plus.

Creating Selection

To create a mark on the map where you either think something is positive, negative, or otherwise, press
the pin. Then zoom in and mark the location. A box appears where you can select what the marked
route concerns and leave comments.

You can also make suggestions for improvements and/or review simplicity/road safety, then leave
comment on which.

Page 3/5
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How satisfied are you with the following in Malmo? (Scale 1-5)

(1 dissatisfied, 5 very satisfied)

Malma as a cycling city o
The amount of bike lanes c C
Condition of bike lanes
Width of bike lanes (G SR G G
Diversion at roadwork
Bicycle parking at home
Bicycle parking at the shops
Bicycle parking at the workplace / school . C
Bicycle parking in public places . C
Bicycle parking at Malmé C, Triangeln and Hyllie ©

Bicycle parking at bus stops c C

What factors are most important when you park your bike for short errands?
(You can select three options)

- That the parking is monitored (cameras / guard)

That the bicycle parking is locked

That the parking is illuminated

That there is a roof over the bicycle

That | can lock the bicycle frame to a fixed point

That the parking is located close to highly trafficked areas

That the parking is near my destination point

[ [ A R R R

That there is plenty of room for the bicycle
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What factors are most important for you to feel secure parking your bike for a longer time (a day or

more)?
(You can select three options)

-

That the bicycle parking is locked
That the parking is illuminated

That there is a roof over the bicycle

[ [ I R (R R

That there is plenty of room for the bicycle

That the parking is monitored (cameras / guard)

That | can lock the bicycle frame to a fixed point

That the parking is near my destination point

That the parking is located close to highly trafficked areas

Can you imagine to park a little farther away from your destination point if the bicycle parking feels

safe?

C Yes, mostly
o

¢ No

How important are the following measures you as a cyclist?

(1 not important, 5 very important)

Increasing security / safety at crossings
Increase the width of cycle lanes

Snow removal

Sweep away leaves

Sweep away gravel

Measures to separate pedestrians and cyclists
Remove level differences

Minimize the number of stops

Smooth surface

Keeping the shrubbery / trees

Police checks (eg check for lights, mopeds)

Yes, if the bike will be parked for a long time

C
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What materials do you consider to be suitable as a surface on bike paths?
(You can select multiple)

- Asphalt

Gravel
Hard packed gravel

Tiles

I B

Cobble stone

Would you be willing to collect data for us using GPS, for example with an app on your phone?

¢ Yes

¢ No

How safe do you feel as a cyclist in Malmo?

Not safe Partially safe Safe

. - -

Page 4/5
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Are you...?

fJ:w
Female

o~

Male

o~
Prefer to not answer

How old are you?

Under 13 years
13-17 years
18-24 years
25-39 years
40-64 years
65-75 years
76-84 years
85 or older

What is your family situation?

=

Partner | live with

=

Single / not cohabitating

P~

Living with parents or equivalent

How many children do you have living at home?

None

1 child

2 children
3 children

4 or more children

What is your main occupation?

Working
Studying
On sick leave

Parental leave
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Seeking employment
Pensioner

Other

What is your highest completed education?

Attending primary school

Primary school

High school

Post-secondary education, other than college/university

College/university

Income per month:

Less than 10,000 SEK
10,000-14,999 SEK
15,000-24,999 SEK
25,000-34,999 SEK
35,000-50,000 SEK
More than 50,000 SEK

Do not wish to answer

Competition Question

Gothenburg has ‘Styr & Stall’, Stockholm has its ‘City Bikes’ and Copenhagen has ‘Bycykler’.

Contribute your creative suggestions on what a rental bike service could be named in Malmo. The best

proposal will be rewarded with an electric bike and another two people with an inflatable helmet for
cyclists.

(Do you not want the chance to win, you can skip this section)

Your suggestion:

Lol JEEEE

109



Enter the name and contact information, e-mail and / or phone number so we can reach you if you
win.

(Do you not want the chance to win, you can skip this section)

Name:

L[S

E-mail

Phone:
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Appendix C- Postal codes considered in the analysis
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