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Abstract: Promoting bicycling and making it attractive requires appropriate infrastructure. Sociode-
mographic characteristics, frequency and experiences of bike use, and purpose of bicycle trips can
affect preferences towards bicycle infrastructure facilities in urban areas. Hence, this study aims to
explore the heterogeneity in the perceived importance of bicycle infrastructure facility attributes in
various cyclist groups based on gender, age, weekly biking frequency, daily cycling distance, cycling
experience, and bicycle trip purpose. Data were collected from bicycle users through a questionnaire
disseminated via social media platforms and QR code brochures distributed in Hasselt, Belgium.
A 5-point Likert-type ordinal scale was used to collect data on the perceived importance of bicycle
infrastructure facility indicators. The Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) was used to rank the indicators. At the same time, Mann—-Whitney U and Kruskal-Wallis
tests were utilized to verify the heterogeneity among the groups. The findings reveal that bicycle
infrastructure, i.e., bicycle lanes or paths, is the most critical variable, while the slope was considered
the least important. No heterogeneity was found regarding the importance of bicycle infrastructure
indicators based on gender. However, heterogeneity was observed based on age, daily bicycle use,
cycling experience, weekly bicycle use, and bicycle trip purpose. The findings of this research help
check for urban and transport planners develop improvement strategies for the city’s existing bicycling facilities

updates and prioritize future developments by considering various cyclist groups’ preferences.
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1. Introduction

Private motorized vehicles consume significant energy to fulfill urban mobility needs [1].
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of motorized vehicles and lowers carbon emissions [3,4]. In addition, using bicycles as a

mode of transport also has health benefits; for example, it is reported that increasing median

Al daily walking and biking from 4 to 22 min reduced the burden of cardiovascular disease and
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Promoting cycling and making it attractive requires an appropriate infrastructure [11,12].

For example, bicycles need a secure parking place [13]. Similarly, bicycle signals may be

required at junctions for cyclists to cross safely [14]. Road signage increases wayfinding
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on cycle paths, improves navigation, reduces stress, and results in shorter travel times for
these riders [15]. Also, research suggests that street lighting along bicycle paths is crucial for
ensuring that bicyclists feel secure and comfortable [16]. Bicycle facilities at traffic intersections
offer cyclists safety, comfort, and convenience [17]. Moreover, the attractiveness of cycling as a
viable transport mode depends on the availability of bicycle infrastructure, condition, comfort,
and safety [18,19].

Previous studies suggest that bicycle facilities are critical to cycling, as cyclists strongly
desire infrastructure that separates cyclists from motor vehicles [20]. Thus, along with being
attractive, the bicycle infrastructure must be safe. Also, creating smoother and safer bicycle
lanes with clear signage, frequent and high-quality bicycle parking, direct routes, and
attractive settings, e.g., greenery, encourages more people to cycle, significantly impacting
the environment, traffic congestion, and general health [21,22]. As a result, it is critical
to invest in creating bike paths to make riding comfortable, safer, more pleasant, and
appealing. The bicycle infrastructure and facilities can be provided in a multitude of ways.
For example, a new bike path was installed in inner Sydney, Australia, which resulted
in a 23% and 97% increase in bike counts at two locations in 1 year [23]. Another study
suggested providing wider bicycle lanes, reducing motorized vehicle speed, increasing
visibility at traffic junctions, reducing intersection frequency, and increasing trees along
bicycle routes in Brazilian medium-sized cities to promote cycling [24]. European countries
like the Netherlands, Denmark, Sweden, and Belgium provide excellent, interconnected
bicycle infrastructure to encourage cycling. Additionally, many countries promote using
bicycles as feeders for public transportation [25,26].

Studies exploring bicycle infrastructure have employed various metrics, including
level of service, bicycle suitability score, and bicycle compatibility index [14]. These metrics
evaluate service or bicycle infrastructure performance [3]. A common feature among
these methods is their utilization of both objective and, at times, subjective variables to
explain perceived infrastructure service or performance. Additionally, there has been a
parallel focus on perception studies. One study investigated cyclists” perceptions to inform
successful bicycle promotion strategies, emphasizing psychosocial factors such as efficiency,
flexibility, fun, danger, and vandalism [27]. Another investigation explored the impact
of individual perceptions on potential bicycle infrastructure improvements, policies, and
programs within a campus setting [28]. This research developed a framework to identify
factors influencing the decision to bike. Furthermore, a recent study concentrated on the
social benefits of bicycle-friendly infrastructure, considering infrastructural variables like
route visibility, road surface quality, segregation from motorized vehicles, and integration
with public transport [1].

Existing studies have explored cyclists’ perceptions for investigating factors such as
psychosocial elements, individual perspectives on potential infrastructure improvements,
decision-making factors influencing biking, and the social benefits of bicycle-friendly infras-
tructure. There is a noticeable research gap concerning investigating cyclists” perceptions of
bicycle infrastructural indicators based on sociodemographic and cycling activities, i.e., cy-
cling experience and frequency. Moreover, those studies have ignored the heterogeneity of
bicycle infrastructure indicators in various groups. Hence, this research aims to investigate
the heterogeneity among cyclists in the critical elements of bicycle infrastructure. Under-
standing different cyclist groups’ perceptions based on gender, age, and cycling frequency
and experience will help understand diverse needs, which is crucial for better informing
urban planners and policymakers. The insights gained from this research will guide urban
and transport planners in prioritizing investments in bicycle infrastructure, addressing
cyclists” specific concerns and preferences to create a more inclusive bicycling environment.

The remainder of the paper is structured as follows. Section 2 reviews the relevant
literature on user perception-based studies and attributes influencing cycling infrastructural
facilities. Section 3 describes the rationale behind using non-parametric statistical tests and
the TOPSIS method used in the study. It also describes the study area, sample size, and
questionnaire for data collection. Section 4 presents the study’s results, while Section 5
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critically discusses the study’s findings. Lastly, Section 6 presents the study’s conclusions,
limitations, and the future scope of the work.

2. Literature Review

Previous research has covered a range of characteristics that could affect how often people
bike. For example, attitudes and perceptions affect individuals” intention to use the bicycle
as the primary mode of transportation [25]. One crucial aspect for bicyclists is road safety, as
the frequency of accidents involving cyclists and motorized vehicles is often assessed across
various types of infrastructure [29,30]. Cycling infrastructure along urban street segments
positively influences the perceptions of cyclists” safety [18,31]. Also, their subjective road
safety assessment influences the frequency of cycling and the routes chosen by cyclists [32].
When designed with safety in mind, these infrastructures reduce the likelihood of road traffic
accidents and injuries involving cyclists. For example, improving cycling infrastructure to
reduce situations where bikes leave the carriageway, such as dedicated cycling paths, is
crucial in preventing accidents and improving overall safety [33]. Also, cycle tracks, which
physically separate cyclists from motorized traffic, have shown a reduction in crash rates [34].
However, their effectiveness varies depending on specific design elements, such as being
one-way or two-way. Also, cyclists experience lower physiological stress (measured by heart
rate variability and galvanic skin responses) when riding in dedicated bike lanes compared to
no-bike lane conditions [35]. This suggests that the quality and safety of infrastructure directly
impact cyclists” physical and psychological well-being.

Facilitating environments is well recognized in the literature as a relevant dimension
to explain travel behavior [36]. For example, facilities explicitly designed for bicycles,
such as designated bike lanes and paths, are effective measures to attract more people to
cycling [3]. In addition, it also lowers cyclists” collisions and injuries [37]. The effects of
users’ attitudes and perceptions about the characteristics of the cycling environment have
been associated with how commuters perceive and evaluate cycling risks and benefits [38].
Socioeconomic characteristics and familiarity with bicycles usually have a direct impact
on bicycle choice decisions [36]. In addition, bicycle infrastructure contributes to the
explanation of bicycle choice.

Previous research on cycling has also investigated the significance of attitude in ex-
plaining bicycle use or engaging in cycling activities. Some studies have described cognitive
and affective components as distinct influencers [39,40]. Others have amalgamated them
into a single explanatory factor [27,41]. For instance, employing structural equation mod-
eling, it was validated that attitude, construed as a latent construct encompassing both
affective and cognitive elements (such as “I enjoy cycling,” “I prefer cycling over driving
whenever feasible,” and “Cycling can sometimes be more convenient than driving”), plays
a pivotal role in understanding cycling behavior [41,42].

The bicycle infrastructure must be designed for the comfort of cyclists along with
safety concerns. For example, perceptions of comfort were used to inform recommended
bike lane buffer types [18,43]. Similarly, research was conducted on cyclists and residents
of neighborhoods adjacent to newly implemented protected bike lanes in five cities across
the United States [44]. The protected bicycle lanes were evaluated using video recordings,
bicycle count data, bicyclist intercept surveys, and surveys from nearby residents. The
results suggested that 10% of current cyclists transitioned from other modes of transport,
while 24% moved from different bicycle routes. In addition, more than 25% of cyclists
reported that they are biking more frequently overall because of the protected bike lanes.
One study on cycling infrastructure (in 90 major U.S. cities) demonstrates that cities with
more bike paths and lanes have higher rates of bike commuting. Another study utilized
comfort ratings from video clips to evaluate the appropriateness of various intersection
treatments linked with separated bike lanes [45]. Similarly, cyclists’ comfort ratings from
video clips were employed to establish a level-of-service rating for protected bike lanes
based on buffer types, motor vehicle volumes, and speeds [46].
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Several studies have found that attitudes and perceptions affect individuals’ intention
to use the bicycle as the primary mode of transportation [27,47]. One study found that
perception factors, such as proximity and convenience of the location, affect the choice
of bike-sharing systems [48]. Another study accounted for perceptions and attitudes
on bicycle access [49]. Moreover, in a study about travel behavior, there was a positive
perception of specific product attributes that influenced product usage only if coupled with
two attitudinal variables: beliefs and affect [50]. However, attitude and perception and
their relative importance in predicting the importance of bicycle infrastructural elements
are expected to vary across different socio-economic groups and bicycling usage.

Recent technological advancements have also contributed to understanding user be-
havior and infrastructure preferences. Internet of Things (IoT) monitoring systems offer
a crucial understanding of users’ preferences and behaviors. For instance, IoT sensors in-
stalled on bicycles and infrastructure can track movements, usage patterns, and interactions,
producing meaningful data that can guide the improvement of design and planning [51].
Also, Floating Car Data offers information such as origin and destination path features.
This information helps identify the trips that can be substituted with sustainable modes [52].
However, it is also important to note that perception of the infrastructure elements is key
in planning new facilities or improving the existing facilities.

In conclusion, the literature highlights the influences on cycling behavior, ranging from
individual attitudes and perceptions to environmental and infrastructural factors. Studies
have consistently highlighted the significance of perceptions in determining individuals’
intentions to use bicycles as their primary mode of transportation, with various factors such
as bicycle infrastructure elements and socioeconomic characteristics playing crucial roles.
Safety, comfort, and attractiveness are not just optional features of cycling infrastructure
but fundamental requirements for promoting bicycling. To improve these features of the
bicycling environment, it is crucial to prioritize the design of infrastructure that meets
cyclists’ needs. Furthermore, despite the generally positive impacts of infrastructure, the
effectiveness of treatments such as bike lanes and cycle tracks can vary significantly depend-
ing on their design and implementation [34]. This highlights the need for context-specific
planning and evaluation. Moreover, by assessing cyclists” perceptions and addressing their
concerns about bicycle infrastructure, relevant improvement and prioritization can be made,
making cycling a sustainable, healthy, and accessible transportation option. Nonetheless, a
noticeable gap remains in exploring the heterogeneity in cyclists’ perceptions of bicycle
infrastructural elements. Existing research has overlooked how perceptions vary among
different demographic and cycling groups. This study addresses these gaps by assessing
how age, gender, daily cycling use, weekly cycling use, and cycling experience influence
cyclists” perceptions of various bicycle infrastructure elements.

3. Materials and Methods

This section focuses on the rationale behind the chosen non-parametric methods and
the TOPSIS. Two non-parametric methods have been utilized: the Mann-Whitney U and
Kruskal-Wallis tests.

3.1. Non-Parametric Tests

The cyclist perceived importance ratings were gathered on a 5-point Likert scale; ‘1’
represents the least importance, and a scale of ‘5" shows that the attribute is the most
important. The data type is ordinal, as the variables are ranked from highest to lowest.
Unlike continuous or interval data, whose central tendency may be determined by the mean
value, ordinal data are intended to have their central tendency quantified by the median
value [53]. Hence, reporting the mean or standard deviation of ordinal data is inappropriate,
implying that statistical techniques like the t-test, F-test, and ANOVA, commonly used
parametric methods, are not suitable and inappropriate [54-56].

Several non-parametric tests, such as the Mann-Whitney U test, Wilcoxon W test,
Kruskal-Wallis H test, etc., can be used to examine differences and patterns in data collected
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using Likert scales or similar ordinal measures. However, the criteria for these non-
parametric tests vary depending on their application in analyzing ordinal rating data [57].
Two non-parametric tests are particularly relevant when comparing two groups based on a
categorical independent variable: the Wilcoxon test and the Mann-Whitney U test. [58]. The
Kruskal-Wallis H test, a well-known non-parametric test based on ranks, is an alternative
to the one-way ANOVA for comparing multiple groups [53]. Hence, this study utilizes
the Mann-Whitney U and Kruskal-Wallis H tests to verify the preferred heterogeneity in
bicycle infrastructure variables among different cyclist groups. The Mann-Whitney U test
is used for two independent groups, i.e., male and female; the Kruskal-Wallis H test is
appropriate for comparing more than two groups.

3.2. TOPSIS Method

TOPSIS is a well-known multicriteria decision-making method (MCDM) widely used
in transportation to prioritize facilities [56,59,60]. Other MCDM methods exist, such as the
Analytical Hierarchy Process, Elimination and Choice Expressing Reality. However, the
TOPSIS method is simple and yields an unquestionable preference classification [61].

The following procedure adopted for the analysis was previously used in similar
research, i.e., for investigating commuters’ perception of the metro transfer facility at-
tributes [62]. Similarly, it has been utilized to evaluate the location of existing park-and-ride
facility attributes [60].

Step 1: A decision matrix (m X n) consisting of bicycle facility ranks (1-5) in the
column and bicycle infrastructure variables (alternatives) in the rows was formulated. The
matrix structure is represented using Equation (1) as below.

X11 X122 X130 X
X1  X22 X3 ot Xop

Xjj = X31  X32 X33 X3p 1)
Xml Xm2 Xm3 - Xmn

where x;; is the decision matrix, i ranges from 1 to m, representing each alternative (bicycle
infrastructure elements), and j ranges from 1 to n, n representing each criterion (rank: 1, 2,
3,4,5).
Step 2: Calculate the normalized decision matrix (r;;) using Equation (2).
Xij . .
tj=—F/———=1i=12...m j=1,2...n (2)
m 2
i=1%jj
where 7;; represents the normalized value of the element x;; in the normalized decision matrix.
Step 3: Calculate the weighted normalized decision matrix (t;;) using Equation (3).
This is calculated by multiplying each element in the normalized decision matrix by its
corresponding criterion weight.

i’ij:,,,]. iji:1,2...m,j:1,2...n 3)

where w; represents the weights. The weighting of the five rating levels (criteria) in Step 3

was considered carefully, and equal weights (w; = 1) were given to all levels. The approach

is based on the principle of equal probability, where each rating level (1 to 5) has an equal
opportunity of being selected when presented to the respondents (cyclists in this study) to
express their perception of the importance of bicycle infrastructure elements. Also, equal
weighting avoids bias towards any rating level, allowing for a more neutral assessment of
respondent preferences. In addition, from the respondent’s perspective, each rating level is
an equally valid option for expressing their opinion.
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Step 4: Calculate the ideal best (J7) and the ideal worst (J ) solutions using Equa-
tions (4) and (5).

. max (t;;) for positive criteria A

Ji = min (t;; ) for negative criteria @)
min (t;;) for positive criteria

C= ) o 5

]J max (tij for negative criteria ©)

Step 5: Calculate the Euclidean distance for each alternative to the ideal best (d;’ ) and
the ideal worst solution (d]”»") using Equations (6) and (7).

dj?: \/Z;?_l(tij—]jwi:1,2...m,j=1,2...n (6)

0= S (b= 2i=1,2m, =12, @

where d;’ is the distance from the ideal best and d}’" is the distance from the ideal worst
solution.

Step 6: Determine the TOPSIS score (5;) of the alternative using Equation (8). The
S; values indicate the performance of each alternative (bicycle infrastructure elements),
allowing attributes to be ranked according to their proximity to the ideal solution.

qw

_ ]

- b
dv + dt

(8)

i

Step 7: Rank the bicycle infrastructure indicators based on the S; (i = 1,2,..., m). The S;
value is between 0-1; a value closer to 1 indicates that the variable is more important, while
a value near 0 shows that the variable is less important.

3.3. Study Area

The research was done in the city of Hasselt, Belgium. Figure 1 shows the map of
Hasselt. Hasselt is a small city with a population of 80,846, but it has a well-established
bicycle infrastructure. Hence, it offers a manageable environment for studying cyclists’
perceptions of bicycle infrastructure. Its relatively small size ensures that data collection
and analysis can be performed more precisely, allowing for a detailed examination of
cyclists” diverse experiences.

Additionally, the city’s well-developed and varied bicycle infrastructure, comprising
different bike lanes, pavement materials, and bicycle prioritization measures, provides a
comprehensive basis for assessing how these factors influence cyclists” perceived impor-
tance of various infrastructural elements. By exploring this diverse infrastructure, the study
aims to see which elements are most valued by cyclists and how these preferences vary
across different groups.

The city of Hasselt is well known for having excellent bicycle infrastructure, which
highlights the city’s commitment to sustainable urban life. The city demonstrates its
commitment to promoting eco-friendly and efficient means of transportation with its
outstanding network of well-maintained bike lanes, parking zones, and programs like bike-
sharing. Figure 2 shows some examples of the condition of the existing bicycle infrastructure
in the city: (2a) a bicycle-prioritized street (paved with red color), (2b) separate bicycle
traffic signals at a junction, (2c) a shared (with pedestrians) bicycle lane separated from
motorized traffic through trees, (2d) a bicycle lane separated from a motorized traffic
lane by a median. To attract and retain more cyclists, it is essential to understand which
bicycle infrastructure indicators are most important. For the mentioned purpose, the
attributes should be investigated based on their perceived importance to cyclists, helping
policymakers prioritize cycling infrastructure.
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Figure 2. Examples of bicycle infrastructure facilities in Hasselt. (a) bicycle-prioritized street paved in

red, (b) separate bicycle traffic signals at a junction, (c) shared bicycle lane with pedestrians, separated

from motorized traffic by trees, (d) bicycle lane separated from motorized traffic by a median.
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3.4. Selection of Bicycle Infrastructure Variables

A comprehensive literature review of research articles and bicycle infrastructure
design guidelines was done to shortlist the indicators using three academic databases, i.e.,
Web of Science, Scopus, and Google Scholar. After a comprehensive review, 14 bicycle
infrastructure facility indicators were selected. Table 1 shows the selected indicators for
this study.

Table 1. Selected indicators for the study.

Indicators Notation References
Presence of bicycle lanes, paths PBI [9,63-67]
Pavement type PT [65,68-70]
Bicycle lane width LW [65,68,69,71]
Sidewalks width SW [65,72,73]
Grade GR [9,65,68,74]
Motorized traffic speed TS [68,75]
Traffic control devices CD [68,69,76-78]
Street lighting ST [65,66,79]
Car parking along the cycle path Cp [64,65,80]
Availability of bicycle parking ABP [63,80]
Trees/green area and landscaping TRL [64,71,74,78,79,81]
Bicycle facilities at traffic signals cY]J [66,75,80,82]
Road signage RS [64]
Interruptions ITR [65,67,80]

The independence of the criteria used in this study is supported by their selection
through a comprehensive literature review, ensuring that each represents a distinct aspect
of bicycle infrastructure. Also, during the questionnaire design, care was taken to present
each indicator as a separate factor for evaluation.

3.5. Questionnaire

The survey instrument, available in English and Dutch, employed a Likert-type
ordinal scale ranging from 1 to 5 [83]. The questionnaire had two main sections to gather
information: (i) the sociodemographic and riding characteristics of cyclists and (ii) their
perceived importance of various attributes related to bicycle infrastructure indicators. The
survey was conducted online because it is efficient and time-saving. The first section of
the questionnaire explored sociodemographic information, covering factors such as age,
gender, cycling preferences, and the frequency of cycling trips of the participants. In the
subsequent section, cyclists rated the perceived importance of bicycle infrastructure facility
attributes using a Likert scale ranging from 1 to 5, where ‘1’ indicated not important and ‘5’
indicated very important.

3.6. Sample Size

We employed the Krejcie and Morgan formula to determine a sample size for this
research. Equation (9) shows the Krejcie and Morgan sample size formula.

_ X*Np(1-p)
"= e2(N—-1)+X?p(1-p) ®)

where n is the required sample size for the study, Np is the population size, e is the sampling
error, X? = chi-square with a degree of freedom 1 and confidence level 95%, and p is the
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proportion of the population (if unknown, 0.5). The sample size for the city of Hasselt
(population 80,846) with a 95% confidence level and a 5% margin of error is 383 individuals.
The 95% confidence level corresponds to a Z-score of 1.96, and an estimate of the population
proportion (p = 0.5) is assumed to account for maximum variability. This methodological
approach in selecting sample size ensures that the selected sample is representative of
the larger population, laying a robust foundation for meaningful statistical inferences in
subsequent analyses.

3.7. Data Collection

The questionnaire was drafted using the Qualtrics platform [84]. Qualtrics provides
a user-friendly interface for the respondents, facilitating an excellent survey-taking expe-
rience that enhances overall participant engagement and data accuracy. Before the data
collection, the survey was distributed among seven experts (three practitioners from the
town hall of Hasselt and four active researchers) to identify any mistakes in the drafted
survey. In addition, they were also asked to identify any difficulty in understanding
the questionnaire in terms of technicality and language. After the pilot survey, the final
questionnaire underwent necessary modifications to address the identified issues. The
wording used to describe the survey features and variables was mainly changed to improve
comprehension and clarity.

A multifaceted distribution strategy was employed to ensure a diverse and repre-
sentative sample for our survey. The survey link and QR code were generated from the
Qualtrics platform. The questionnaire link was extensively disseminated online through
various social media platforms, such as Facebook and Twitter, taking advantage of the
broad reach and accessibility of digital platforms. The link to the survey was also shared
with the cycling community in Hasselt. The link was distributed in both Dutch and English.
A QR code facilitating quick and convenient access was distributed across social media and
printed on the brochures. Questionnaire brochures were distributed in areas like the city
center, cafes, bicycle repair shops, and important locations, including busy bus stops and
the train station.

Furthermore, the brochures were also distributed in educational institutions, such as
university campuses, colleges, schools, and libraries. Employing a diverse distribution
strategy, we aimed to capture a broad category of respondents, ensuring inclusivity and
increasing the likelihood of obtaining a representative sample for our research. Of 383 re-
sponses, 277 were recorded via a shared link, while the remaining 106 were recorded using
OQR. Regarding the choice of language, 217 (56.7%) respondents chose Dutch, while the
remaining 166 (43.3%) completed the questionnaire in English.

3.8. Reliability Assessment of the Questionnaire Results

The Cronbach'’s alpha test was conducted to determine whether the questionnaire re-
sponses could be relied on. The Cronbach'’s alpha value was determined using Equation (10).

k 2
_ K Liz1 n
zX—K_1<1 2 (10)

where k represents the number of items in the test, (751 is the variance of the scores on items

i, and 02 is the variance of the observed test scores.

The reliability test included all the items, and Cronbach’s Alpha coefficient value was
0.815. Including all items in the reliability test aligns with our aim to evaluate the bicycle
infrastructure attributes by considering all the relevant indicators. A Cronbach’s alpha
value exceeding 0.8 suggests good consistency, indicating that the survey responses are
dependable and can be relied on [85]. Also, a high level of reliability implies that the study’s
findings are likely to be robust, providing confidence for the formulated conclusions.
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4. Results
4.1. Sociodemographic Characteristic

Table 2 shows the sociodemographic characteristics of the respondents. In Table 2, the
percentage in parentheses indicates the proportion within gender, and the percentage in the
last column (also in parentheses) shows the total percentage for each category. Respondents’
genders were relatively balanced, with 50.4% male and 48.3% female. Five participants did
not disclose their gender. Most respondents (35.8%) were in the 18-24 age group, followed
by the 35-44 age group (32.1%). Only two respondents were older than 65, and the category
55-64 years also had minimal representation, with only eleven respondents. The partici-
pants” educational backgrounds were diverse, with the majority holding Master’s (36.6%)
and bachelor’s degrees (29.2%). Based on the survey, student respondents comprised the
majority (57.4%), indicating a predominant representation of the younger population, as
seen with the age groups. Next were the employed respondents (35.5%), followed by a
smaller percentage of entrepreneurs (2.9%). Additionally, only one respondent reported
being disabled, and seven were unemployed.

Table 2. Sociodemographic characteristic.

Variable Male Female Pref.er Not to Total
Disclose
Gender 193 (50.4%) 185 (48.3%) 5 (1.3%) 383
Age
Younger than 18 years 5 (2.6%) 5(2.7%) 1 (20%) 11 (2.9%)
18-24 years 67 (34.7%) 69 (37.3%) 1 (20%) 137 (35.8%)
25-34 years 73 (37.8%) 49 (26.5%) 1 (20%) 123 (32.1%)
35-44 years 24 (12.4%) 37 (20%) 1 (20%) 62 (16.2%)
45-54 years 17 (8.8%) 19 (10.3%) 1 (20%) 37 (9.7%)
55-64 years 5 (2.6%) 6 (3.2%) 0 (0%) 11 (2.9)
Older than 65 years 2 (1%) 0 (0%) 0 (0%) 2 (0.5%)
Educational background
Less than a high school o o o o
diploma 2 (1%) 3 (1.6%) 0 (0%) 5 (1.3%)
High school diploma 44 (22.8%) 45 (34.5%) 1 (20%) 90 (23.5%)
Bachelor’s degree 55 (28.5%) 55 (29.7%) 2 (40%) 112 (29.2%)
Master’s degree 70 (36.3%) 68 (36.8%) 2 (40%) 140 (36.6%)
Doctorate 22 (11.4%) 14 (7.6%) 0 (0%) 36 (9.4%)
Job
Student 122 (63.2%) 96 (51.9%) 2 (40%) 220 (57.4%)
Employed 55 (28.5%) 79 (42.7%) 2 (40%) 136 (35.5%)
Entrepreneur 8 (4.1%) 3 (1.6%) 0 (0%) 11 (2.9%)
Retired 5 (2.6%) 3 (1.6%) 0 (0%) 8 (2.1%)
Disabled 0 (0%) 0 (0%) 1 (20%) 1(0.3%)
Unemployed 3 (1.6%) 4(2.2%) 0 (0%) 7 (1.8%)

4.2. Cycling Characteristics

Table 3 shows the cycling characteristics of respondents. The survey found that
cycling is the most popular mode of transport among males and females, with over 50% of
respondents choosing it as their preferred option for traveling in the city. Bicycle experience
varied, with the majority having cycled for over 10 years. Daily cycling distances ranged
from less than 1 km to over 10 km, with the 2-5 km range being the most common. Weekly
cycling frequency also varied, with most people cycling between 3 and 5 days a week.
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Table 3. Cycling characteristics of respondents.
Variable Male Female I Prefer Not to Total (%)
Disclose
Frequent mode of transport
Car 20 (10.4%) 21 (11.4%) 0 (0.0%) 41 (10.7%)
Scooter 0 (0.0%) 1 (0.5%) 1 (20.0%) 2 (0.5%)
Public transport 18 (9.3%) 25 (13.5%) 0 (0.0%) 43 (11.2%)
Bicycle 119 (61.7%) 95 (51.4%) 3 (60.0%) 217 (56.7%)
Foot 36 (18.7%) 43 (23.2%) 1 (20.0%) 80 (20.9%)
Biking experience
ny: than one 15 (7.8%) 20 (10.8%) 0 (0.0%) 35 (9.1%)
1-2 years 19 (9.8%) 11 (5.9%) 0 (0.0%) 30 (7.8%)
2-5 years 23 (11.9% 12 (6.5%) 0 (0.0%) 35 (9.1%)
5-10 years 18 (9.3%) 24 (13.0%) 0 (0.0%) 42 (11.0%)
More than ten 118 (61.1%) 118 (63.8%) 5 (100.0%) 241 (62.9%)
years
Daily average cycling distance (km)
Less than 1 km 18 (9.3%) 26 (14.1%) 1(20.0%) 45 (11.7%)
1-2 km 32 (16.6%) 35 (18.9%) 0 (0.0%) 67 (17.5%)
2-5km 69 (35.8%) 51 (27.6%) 1 (20.0%) 121 (31.6%)
5-10 km 38 (19.7%) 52 (28.1%) 1(20.0%) 91 (23.8%)
More than 10 km 36 (18.7%) 21 (11.4%) 2 (40.0%) 59 (15.4%)
Weekly cycling frequency (average number of days in a week)
1-day 15 (7.8%) 20 (10.8%) 1(20.0%) 36 (9.4%)
2-days 20 (10.4%) 20 (10.8%) 0 (0.0%) 40 (10.4%)
3-days 24 (12.4%) 25 (13.5%) 2 (40.0%) 51 (13.3%)
4-days 35 (18.1%) 25 (13.5%) 0 (0.0%) 60 (15.7%)
5-days 54 (28.0%) 63 (34.1%) 1 (20.0%) 118 (30.8%)
6-days 22 (11.4%) 19 (10.3%) 0 (0.0%) 41 (10.7%)
7-days 23 (11.9%) 13 (7.0%) 1(20.0%) 37 (9.7%)

Figure 3 shows the results of the question about the purpose of bicycle use in urban
areas. The respondent could choose multiple options for this question in the survey. The
survey results revealed that commuting to and from work or school was the most prevalent
bicycle use, with 77.30%, followed by shopping, with 49.60%. Bicycle use for leisure
activities and visiting relatives or friends had a share of 43.30% and 43.10%, respectively. A
small percentage (4.20%) of the participants mentioned other purposes, like taking their

children to school.

Commuting to and from work/school
Shopping
Leisure

Visiting relative or friends

Purpose of bicycling

Exercise

Other

0 10 20 30 40 50 60
Percentage

70 80

Figure 3. Purpose of bicycle use in urban areas.
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4.3. Bicycle Infrastructure Indicators Importance

Figure 4 represents the respondents’ rating of various bicycle infrastructure indicators
on a scale of 1 to 5, with 1 being the least important and 5 being the most important. Each
horizontal bar in Figure 4 corresponds to a bicycle infrastructure facility labeled on the
Y-axis. The colors in each bar correspond to the ratings given, and the length of each color
segment represents the percentage of respondents who gave that rating. The presence
of bicycle infrastructure (PBI) received the highest 5-point rating (50.9%), followed by
motorized traffic speed (TS) with 41.5%. The rating data is used in TOPSIS analysis to rank
the importance of each bicycle infrastructure attribute.

PBI

w

sw

GR

TS

LI ¢ - 2 - 3 mm 4 mmS5

Figure 4. Bicycle infrastructure indicator importance.

4.4. TOPSIS Analysis

As reported by previous studies, the score assigned by the respondents can be used to
perform TOPSIS analysis [60,62]. The scores assigned to all the bicycle infrastructure indi-
cators were considered for the TOPSIS analysis. Fourteen bicycle infrastructure indicators
were considered alternatives. The criteria for assessing the significance of bicycle infrastruc-
ture attributes in this study were represented by five Likert scale values (1, 2, 3, 4, and 5),
and equal weights were used for level or criteria to determine their likelihood of selection.
When employing the TOPSIS method for data analysis, the higher importance levels, such
as 3, 4, and 5, were maximized, considering them positive. The lower importance levels,
i.e., 1 and 2, were minimized and treated as negative to derive the ideal positive solution.

Table 4 presents the results of the TOPSIS analysis performed on the bicycle infras-
tructure variables. d;’ , d}" and S; values were calculated for each variable to decide on the

most to least importance variable based on importance to the cyclist. The d? signifies the
distance from the ideal best, d}” is the distance from the ideal worst, and S; is the TOPSIS
score. The S; value helps to decide the ranking of the variables, with values closer to 1
showing that the indicator is most important and values near 0 showing that the indicator
is least important. Based on Table 4, the PBI, such as bicycle lanes or paths, is considered
the most crucial criterion (S; = 0.935).
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Table 4. Bicycle infrastructure indicators importance based on TOPSIS analysis.
Variables d]’-’ d}" S; Ranks
PBI 0.011 0.164 0.935 1
PT 0.053 0.143 0.728 8
LW 0.072 0.127 0.638 10
SW 0.100 0.100 0.502 12
GR 0.173 0.044 0.202 14
TS 0.017 0.169 0.908 2
CD 0.040 0.158 0.796 4
ST 0.040 0.152 0.790 5
cp 0.101 0.082 0.446 13
ABP 0.031 0.158 0.834 3
TRL 0.052 0.132 0.715 9
CYJ 0.054 0.151 0.737 7
RS 0.044 0.159 0.781 6
ITR 0.074 0.126 0.631 11

The TS is considered the second important criterion (S; = 0. 908), followed by the
availability of bicycle parking (ABP) (S; = 0.834). TS is a crucial safety factor, especially
when the bicycle path is next to the traffic. At the same time, the ABP is a vital attractiveness
factor since bicycles need secure parking when they reach a destination. In addition, the
traffic control device (CD), i.e., traffic signal (S; = 0.796) and street lights (ST) (S; = 0.790)
along bicycle paths or lanes, are also highly important.

Grade or slop (GR) was found to have the lowest relative importance (S; = 0.202,
rank = 14] among fourteen variables. Car parking (CP) (S; = 0.446, rank = 13], the presence
of a sidewalk (SW) (S; = 0.502, rank = 12), and the number of interruptions (ITR) (S; = 0.631,
rank = 11) also received lower importance from cyclists (see Table 4). Although the slope
might decrease comfort, the results indicate that it is not an influential factor in this study.
The factor contributing to this lower importance ranking might be that the study areas do
not have steep slopes.

4.5. Heterogeneity in the Perceived Importance of Bicycle Infrastructure Indicators

The Mann-Whitney U test and the Kruskal-Wallis tests were employed to assess any
differences in the indicators between cyclist groups, such as gender, age, daily cycling
distance (km), cycling experience (years), weekly bicycle use (number of days per week),
and trip nature. For interpreting the results, the hypothesis is formulated as follows:

HO = There is no difference in the groups’ perception of the importance of bicycle
infrastructure element.

H1 = There is a significant difference in the groups’ perception of the importance of
bicycle infrastructure element.

Table 5 shows the significance values for each test variable to verify the heterogeneity.
The test suggests a significant difference if the p-value is less than the significance level of
0.05. The heterogeneity in the gender was conducted only for males and females, as the
sample size (5) was very small for those who did not disclose their gender. A similar issue
was found for the age group older than 65, with only two respondents, which does not
meet the minimum sample required for the test. Similarly, smaller sample sizes, such as
those younger than 18 years (11), may affect the robustness of the statistical test, potentially
leading to increased variability due to the reasons mentioned. Hence, the age categories
were reorganized into four categories.

The Mann-Whitney U test results (see Table 5) reveal no statistically significant differ-
ences in bicycle infrastructure indicators, supporting the null hypothesis (HO) for gender.
This indicates that perceptions of bicycle facility indicators’ importance are similar across
genders. In contrast, significant differences were observed based on age, cycling distance,
cycling experience, weekly bicycle use, and trip nature. For example, cyclists” percep-
tions regarding pavement type (PT) and GR varied significantly with age and cycling



Infrastructures 2024, 9, 153

14 of 24

distance (km). These findings indicate that the null hypothesis (HO) is rejected for these
variables based on a p-value of less than 0.05. This suggests significant differences exist
in how various cyclist groups perceive the importance of different bicycle infrastructure
facility attributes.

Table 5. Mann-Whitney U test and Kruskal-Wallis test significance for heterogeneity in perceived

importance.
Cycling Cycling Weekly Tri
Variable Gender Age Distance Experience Bicycle p
Nature
(km) (years) Use
PBI 0.782 0.089 0.029 0.012 0.037 <0.001
PT 0.563 0.036 0.022 0.708 0.408 0.513
LW 0.983 0.063 0.209 0.597 0.033 0.020
SW 0.744 0.008 0.851 0.073 0.016 0.121
GR 0.87 <0.001 0.034 <0.001 0.916 0.750
TS 0.302 0.472 0.894 0.714 0.570 0.009
CD 0.708 0.070 0.446 0.123 0.544 0.021
ST 0.929 <0.001 0.533 0.211 0.757 0.443
cp 0.734 <0.001 0.623 0.463 0.008 0.917
ABP 0.751 0.588 0.047 0.878 0.173 0.039
TRL 0.847 0.389 0.116 0.526 0.138 0.012
Y] 0.593 0.102 0.383 0.520 0.661 0.011
RS 0.901 0.447 0.581 0.203 0.768 0.137
ITR 0.139 0.032 0.120 0.061 0.101 0.186

The significance level is 0.05.

There were six bicycle facility variables: PT, SW, GR, ST, CP, and ITR, for which the
perception was different based on age. Meanwhile, for other variables, no heterogeneity
was found for age group. It is worth mentioning that the PBI had heterogeneity for four
groups, i.e., cycling distance (km), cycling experience (years), weekly bicycle use (no. of
days), and trip nature.

Similarly, GR also showed variability based on age, cycling distance (km), and cycling
experience (years). At the same time, the PT had heterogeneity in age, cycling experience,
cycling distance (km), and trip nature. For cycling experience, most cycling infrastructure
attributes were found insignificant except for the PBI and GR. Heterogeneity was observed
in four variables (PBI, PT, GR, and ABP) within the cycling distance (km) group and in four
different variables (PBI, bicycle lane width (LW), SW, and CP) within the weekly bicycle
use group.

The heterogeneity in perceptions of bicycle facility indicators’ importance in the na-
ture of the bicycling trip in two groups—those using bicycles for work/education (school,
college, and university) and those using them for other purposes (e.g., leisure, exercise,
shopping, or other) were assessed. Seven indicators were found to have significant differ-
ences in the groups’ perceptions of PBI, LW, TS, CD, ABP, trees/green area and landscaping
(TRL), and CY] (bicycle facilities at traffic signals). The null hypothesis (HO) can be rejected
for these infrastructure attributes, indicating differing perceptions between the two groups.

It should be noted that the Mann-Whitney U and Kruskal-Wallis tests can only analyze
whether there was any difference in perceived importance across different cyclist groups.
However, this approach does not yield the relative importance of the crossing facility
attributes, for which significant heterogeneity in perceived importance was identified
among various cyclist groups. Hence, we consider TOPSIS analysis to see the relative
importance of these bicycle facility attributes for those who observed heterogeneity based
on the perceptions of different bicyclist groups. This additional analysis aims to explore the
variations in how bicyclist groups perceive these attributes, considering the heterogeneity
in their perceived importance.
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4.5.1. Effect of Age Group

The TOPSIS analysis results show distinct preferences towards bicycle infrastructure
facility variables across different age groups. Considerable variation regarding the impor-
tance of indicators in all age groups can be seen in Figure 5. For the age group < 24 years,
the ST is most important, followed by PT. The ST was significantly important for all the age
groups; however, there was variation among them. Although ST is considered important
by all age groups, it is extremely important, as the TOPSIS value is near ideal (S; = 0.955)
by age group >45. Other variables also see preference heterogeneity in the age groups.
For example, CP along bicycle paths is the third most important factor in the age group
>45 years, however it is least important (S; = 0.227) among the variables to the age group
25-34 years. The GR was ranked lowest among the variables that saw heterogeneity, but
the TOPSIS value is considerably high (S; = 0.416) for the age group 25-34 years compared
to other age groups. Similarly, ITR is the third most important indicator for all age groups
except for >45 years. However, the importance level varies across age groups as the TOPSIS
score (S; = 0.738) value is highest for >45 years and lowest (S; = 0.427) for 25-34 years.
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Figure 5. TOPSIS analysis for age groups.

4.5.2. Effect of Daily Bicycle Use

Figure 6 shows the results of the TOPSIS analysis performed for bicycle infrastructure
indicators for cyclist groups based on daily cycling distances. For cyclists traveling more
than 10 km, PBI and ABP are rated the most important, with high TOPSIS scores (S; = 0.993
and S; = 0.845, respectively), indicating extreme importance for longer commutes. The
ABP also scores highly across all cyclist groups, particularly for cycling trips between 5 to
10 km (S; = 0.829) and over 10 km (S; = 0.845), suggesting that cyclists greatly value this
bicycle attractiveness factor. However, the GR has consistently lower S; values across all
distances, with the highest being only 0.313 for distances less than 1 km, indicating the
lowest importance. On the other hand, the PT starts with a lowest S; value of 0.503 for
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1-2 km bicycle users and shows an increase to 0.835 for distances beyond 10 km, suggesting
that the pavement quality becomes more critical for cyclists on longer journeys.
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Figure 6. TOPSIS analysis for daily bicycle use.

4.5.3. Effect of Cycling Experience (Years)

The TOPSIS analysis results for cycling experience based on the number of years are
shown in Figure 7. Only two factors, PBI and GR, showed heterogeneity in cycling groups
based on cycling experience. For PBI, those with cycling experience of less than 1 year rate
its importance S; = 0.634, which significantly drops for those with 1-2 years of experience
(S5; = 0.282), suggesting a decrease in perceived importance. The S; for PBI is highest for
cyclists with more than 10 years of experience, indicating a high perceived importance. In
the case of GR, cyclists with 1-2 years of experience (S; = 0.723) have the highest perceived
importance, suggesting a heightened awareness or concern for path grade as cyclists gain
initial experience. This perceived importance sharply decreases for those with 5-10 years of
experience (S; = 0.117) and more than 10 years (S; = 0.211), indicating that more experienced
cyclists may give less importance to the path slope.

4.5.4. Effect of Weekly Bicycle Use

The TOPSIS analysis for weekly bicycle use reveals how the perceived importance
of different variables varies with the cycling frequency (Figure 8). For PBI, there is a high
level of perceived importance among those who cycle just once a week (S; = 0.786), and
this perception increases for those who cycle 2 days a week (S; = 0.860). The PBI is the
least important parameter for those cycling 4 days a week (S; = 0.695). In contrast, cyclists
who bike 6 days a week consider this very important (S; = 0.990). The variability is more
noticeable for factors like SW and CP. The SW is perceived as least important by those
cycling 1 and 6 days a week (S; values of 0.395 and 0.371, respectively), but its importance
increases for daily cyclists (S; = 0.767). The CP has the lowest perceived importance for



Infrastructures 2024, 9, 153

17 of 24

5 and 6 day bicycle users (S; = 0.312 and S; = 0.310, respectively), while for 3-day users,
it is crucial, as the TOPSIS score value increases sharply (S; = 0.736). The SW becomes
important for individuals who cycle 7 days a week (S; = 0.767). On the other hand, for those
who cycle 1 day a week (S; = 0.395), the sidewalk width might not be considered crucial.
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Figure 7. TOPSIS analysis for cycling experience.
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Figure 8. TOPSIS analysis for weekly bicycle use.
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4.5.5. Effect of Bicycle Trip Purpose

The TOPSIS analysis results for bicycle trip purposes based on different indicators
are shown in Figure 9. For education/work trips, the PBI indicator shows the highest
importance (S; = 0.974) but significantly drops for LW (S; = 0.646), indicating lower rele-
vance for the latter. The TOPSIS scores for TRL (S; = 0.812) and TS (S; = 0.883) are higher,
reflecting higher importance. For other purpose trips, TS has the highest perceived impor-
tance (S; = 0.971), followed by TRL (5i = 0.876), while the ABP indicator shows the lowest
importance (S; = 0.538). The results suggest that the significance of these indicators varies
depending on the purpose of the bicycle trip.
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Figure 9. TOPSIS analysis for bicycle trip purpose.

5. Discussion

The study aimed to identify and rank bicycle infrastructure facility attributes based on
cyclist perceptions. Cities and governments are increasingly making policies to attract more
people to use bicycles [3]. For this purpose, it is crucial to know the perception of cyclists
to identify the critical infrastructure variable. This identification can help the government
prioritize installation and improve critical bicycle infrastructure indicators.

This study used TOPSIS to rank the attributes of bicycle infrastructure based on their
importance. Consistent with previous literature, the findings emphasize that the presence
of bicycle infrastructure (PBI) was ranked the most crucial facility indicated by cyclists
in previous research. The PB], i.e., bicycle lanes and paths, are essential for increasing
bicyclist safety and comfort. Studies have shown that bicycle lanes, or marked bike paths,
reduce crashes and injuries among cyclists [37]. The dedicated bicycle paths are critical to
encouraging more people to commute by bicycle, as suggested by previous research [43].
The availability of bicycle facilities, such as bike lanes and bicycle routes and paths, is linked
to increased levels of bicycle traffic [86]. This research emphasizes that traffic speed along
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bicycle paths is also crucial for bicycle users. Research has found that cyclists” comfort
levels are closely linked to their distance from motorized traffic [32]. Previous research also
emphasizes lowering traffic speed and volume, which is expected to encourage walking
and cycling [87]. Traffic speed also impacts the safety of cyclists. Higher motor vehicle
speeds are reported to be associated with increased bicyclist injury severity [88].

Furthermore, the availability of bicycle parking was also found to be a critical factor, as
it is ranked the third most important variable based on cyclist perception. Bicycle parking
is usually considered a bicycle attractiveness feature in providing cycling infrastructure [3].
The study highlights the necessity of secure and accessible parking solutions to encourage
cycling. The availability of bicycle parking has always been stressed to achieve high cycling
levels. A study in the Netherlands, Denmark, and Germany emphasized the need for
ample bicycle parking and other infrastructural necessities [26]. The lack of cycle parking
is considered a barrier to promoting the uptake of cycling in urban areas [89].

Interestingly, the grade or slope of cycling paths has been shown to have minimal
impact on cyclists” preferences in the context of this study. Cyclists usually disfavor slopes,
significantly influencing cycling rates in hilly cities like San Francisco [90,91]. The area’s
hilliness is demonstrated as a significant deterrent for cyclists, particularly in cities with
challenging topography [92]. Another study used GPS data to model cyclist route choices,
revealing that even experienced cyclists avoid steep slopes when possible [93]. However,
some studies have reported contrasting findings supporting our results. For example, a
study conducted to see the role of the city topography and climate in cycling mode choice
suggests that the slope of a cyclist’s route has no significant statistical impact on their choice
to cycle [94]. Similarly, a comprehensive review reported weak effects of terrain slope on
cycling behaviors [95]. The low importance of the slope in our study can be explained by
the respondents’ extensive cycling experience and daily use patterns. Most respondents
(62.9%) have been using bicycles in the city for more than ten years, suggesting they are
highly accustomed to the city’s terrain and have adapted to the local terrain over many
years. In addition, most respondents cycle relatively short to medium distances daily, either
2-5 km (31.6%) or 5-10 km (23.8%). Moreover, the flatness of the study areas can be one
of the reasons why cyclists consider it the least important. Moreover, in Belgium, the rise
in e-bike popularity is evident, as 51% of new bicycles sold in 2023 were e-bikes, and a
recent report indicates that over a quarter of the population actively uses them [96]. The
low slope ranking in our study may be linked to the possibility of e-bike users participating
in the study.

The study also investigated the perceptions of different cyclist groups towards the
infrastructural indicators. No heterogeneity was found in bicycle infrastructure indicators
based on gender. Previous studies have contrasting results, as women have stronger
preferences for greater separation from motor traffic [97]. In addition, the literature suggests
that female commuter cyclists prefer routes with maximum separation from motorized
traffic, suggesting that improved cycling infrastructure is crucial for increasing bicycle
use among under-represented groups like women [98]. In our study, descriptive statistics
showed that male and female cyclists use bicycles for the same purpose. Also, no significant
difference is found in bicycle frequency and distance, which can be associated with why no
difference was found towards bicycle facilities. Other cyclist groups based on frequency
and experience level significantly influence the prioritization of infrastructure attributes.
Dedicated infrastructure is more important to experienced cyclists than grade while the
grade becomes important for those who have started cycling recently. Older cyclists prefer
high-quality pavement, reflecting a higher sensitivity to a comfortable cycling environment.

Moreover, cyclists with longer daily commute distances emphasize the presence of
dedicated cycling lanes, pavement type, and bicycle parking availability, suggesting that
infrastructure availability and quality become increasingly critical for longer journeys.
Various studies have found that pavement quality significantly affects cyclists” comfort [70].
In longer commutes, cyclists are more exposed to vibration generated from bicycle path
irregularities, affecting their health [99]. For this reason, cyclists give more importance to
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the pavement type. This study highlighted that the slope of the bicycle path is significant
for newer cyclists (bicycling experience up to 2 years) as they tend to be more affected
by the physical demands of cycling. Lastly, the cycling frequency also appears to impact
the perceived importance of bicycle infrastructure indicators. Frequent cyclists may value
the presence of dedicated infrastructure more highly, possibly as a factor that influences
their decision to cycle. It is also important for new riders as well. Dedicated bicycle
infrastructure, such as lanes or bicycle paths, has been identified as the key to attracting
new cyclists [90].

6. Conclusions

Cities worldwide are looking to bicycles as a sustainable and healthy transportation
option, but attracting more people requires understanding their needs and preferences.
This study aimed to investigate the critical bicycle infrastructure elements and explore
heterogeneity among different cycling groups towards the infrastructure elements. We
explored the relatively unexplored area of cyclist heterogeneity, analyzing how various
demographic and experiential factors influence perceptions of bicycle facilities. In addition,
the survey was conducted in a city with good bicycle infrastructure, and the respondents
were well aware of the bicycle facilities. Moreover, by focusing on cyclists familiar with
existing facilities, we gather informed opinions that can guide practical improvements and
planning for new bicycle infrastructure.

The results suggested that bicycle infrastructure (e.g., lanes, bicycle paths, etc.) emerged
as cyclists’ top priority. It reflects that cyclists value the safety and comfort provided by
separation from motor traffic, aligning with findings from previous research. Similarly,
secure and accessible bicycle parking ranked high, highlighting its crucial role in preventing
vandalism and theft. The results also emphasized that high-quality pavement is essential,
minimizing discomfort and contributing to a smoother, more enjoyable ride.

Interestingly, the study found no significant difference in preferences based on gender,
contrary to some studies suggesting a stronger female preference for segregation from
traffic. Cyclists who commute longer valued dedicated lanes and pavement quality more,
highlighting the importance of infrastructure for longer journeys. Infrequent cyclists em-
phasized dedicated infrastructure more, suggesting it could attract new riders. Although
the city grade or slope is the least important indicator in the study, it is still important to
new cyclists. The finding helps urban planners and policymakers consider the relevant
bicycle facilities based on demographic characteristics and bicyclist users in the city. Poli-
cymakers should prioritize the development of bicycle lanes and high-quality pavement
to enhance overall cyclist comfort and safety. Improving traffic speed regulations and
ensuring adequate separation from motor vehicles will address critical safety concerns.
Implementing secure bike parking facilities at important destinations like train stations,
bus stops, government offices, and key commercial places will address concerns about theft
and vandalism.

Additionally, integrating other infrastructural elements, such as bicycle traffic signals
and enhancing street lighting, will improve safety and visibility, particularly at intersections
and during low-light conditions. This will help create cycling environments that not only
address the diverse requirements of cyclists but also foster a more inclusive and supportive
cycling culture. The suggested recommendation helps attract and retain a diverse range of
cyclists, fostering a supportive and sustainable cycling culture.

While providing important findings into cyclists” preferences, this study has several
limitations that should be acknowledged. Going forward, research should examine the
perception of bike infrastructural elements in different topographical settings and bicycle
user types (e-bike and regular bike users). Such research could highlight the significance
of factors like slope, surface quality, and route connectivity that vary between different
environments. This study does not differentiate between regular and e-bike users, which
may affect the assessment of cyclists” preferences for infrastructural indicators. Moreover,
the perception survey method might be subject to biases, such as overestimating vari-
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able importance, which could distort results. Future studies could incorporate objective
measures alongside self-reported data to provide a more balanced analysis.
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