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Abstract

With the increasing awareness of ecosystem limitation, cycling, as a transportation mode, has been promoted as an approach to
preserve our resources of raw materials and encourage healthier habits in our everyday lives.

Aiming to gather data about cycling in Budapest and its agglomeration, a random walk based household survey with 1511 individuals
was carried out. Two main groups were targeted during the household survey: citizens who have used their bicycle for transportation
in the past 30 days (n = 672) and those who are willing to use bicycles given the right circumstances (n = 839). After the general
household related questions, the main part of the questionnaire explored cycling behavior through 7 questions. It was possible to
value parameters such as cycling impacts in society, cycling infrastructure development and its spatial behavior, perceived safety,

morale, safe infrastructure, facilities, cost sensitivity and the impact of dedicated cycling infrastructure in Budapest.
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1 Introduction

The constant effort to attain economic growth in con-
trast with the awareness of the fragility of natural resources
and their limitations have made the society to develop and
implement a more sustainable way of living [1]. Having
global environmental sustainability, Western health con-
cerns, obesity and social inequality challenges as a back-
ground, cycling has been regularly and widely promoted
as an initiative [2]. Modernized and urban lifestyles have
faded away physical activity of everyday life, and this has
resulted in a threat to population health caused by sedentary
lifestyles [3]. It is estimated that physical inactivity causes
21-25 % of the disease burden and even greater proportions
for diabetes (27 %) and ischaemic heart disease (30 %) [4].

The use of bicycles has established relationships within
the social, cultural and economic spheres [5]. According
to the International Transport Forum (ITF), which is an
intergovernmental organization with 59 member countries
including Hungary, bicycles can contribute to sustainable
urban mobility in a range of ways: by not using fossil fuels,
not creating air pollution or noise pollution, providing use-
ful exercise for cardiovascular health and contributes sig-
nificantly to enhancing cities' livability [5]. Furthermore,

bicycles are inexpensive and provide door-to-door mobility
over distances that account for a large proportion of urban
travel, i.e. over distances of about 5 km [6].

Asthe popularity of cycling as amode of transport inside
cities is growing, FLOW (Furthering Less Congestion by
Creating Opportunities For More Walking and Cycling,
H2020 project, grant agreement No. 635998) focused on
the congestion reduction benefits of walking and cycling;
has conducted a study using questionnaires to understand
the preferences of travelers, the limitations of each trans-
port mode and the expectations of the interviewed people,
considering that a detailed investigation can help to decide
which measures can increase the proportion of cycling [7].
Thanks to infrastructure developments, the possibility of
bicycle rides is being improved. Besides this, many other
features affect travel behavior, which can vary from city
to city. The answers of the FLOW questionnaire show the
preferences of travelers, the limitations of each transport
mode and expectations of the interviewed persons [8].

The potential benefits of increasing the levels of walking
and/or cycling [9] are substantial, and questionnaires have
been used to bring up its overall benefits and drawbacks. For
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example, questionnaires in the UK have differentiated con-
siderably cycling levels and rates of change. This offers the
opportunity to analyze whether those areas that have suc-
cessfully reached a modal shift towards cycling have also
generated cycling behavior that is equally balanced [10].

As cycling increases, cultural norms standardized by
society may take time to change the situation towards gen-
der equity. As an example of this, a more "female-friendly"
cycling environment (e.g. in terms of more protected infra-
structure, or a greater normalization of cycling) could capti-
vate a greater number of women as "early-adopters". These
patterns imply the necessity of creating new policies
which could increase the preference and the consideration
of cycling as a mean of transport for under-represented
groups [10]. However, it cannot be assumed that growing
cycling levels (characteristic of many dense urban areas)
will automatically increase the gender and age diversity of
cyclists. What could really be considered is that a more sup-
portive cycling environment for women and elderly people
might bring about a threshold effect. The cycling environ-
ment would comprise a range of factors, but given the noto-
riety of safety concerns among barriers to cycling, good-
quality routes and infrastructure must be high on the list [10].

The citizens day by day meet traffic jams and other dis-
turbances in transport. Despite the bad circumstances,
travel demands do not decrease, because the permanent
motivation for journeys (home- or work-based trips) are
constantly present [11, 12]. Cycling and public transport
are generally seen as substitutes from the perspective of a
single trip: a person either walks, cycles, drives or takes a
bus, train or tram to their destination. However, this con-
cept overlooks multi-modal trips where people can access
a train station by using bicycles (or accessing their desti-
nation from a train station) [6].

Kager and Harms [13] explain how cycling and public
transportation can be effective complements rather than
competitors. Cycling appears to be limited in its practical
scope, but is highly flexible in terms of destination and
travel timing. Public transport (especially rail) can cover
larger distances with high capacity, but because it operates
on scheduled lines, public transport suffers from destina-
tion inflexibility and travel time. From the perspectives
of an individual traveler and of the overall transport sys-
tem, there are strong gains to be made by combining each
mode's strengths. Compared to walking, cycling allows
users of public transport to access more remote public
transport stops and stations. This would mean that a small
amount of time could be saved for a given configuration
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of the trip. However, the real power of enabling public
transportation users to cycle (instead of walking) to public
transportation is that they can access a wider range of sta-
tions for any given travel time, allowing users to optimize
their entire journey to better suit their needs [13].

A traffic survey helps us to learn about the needs and
reactions of travelers to changes of travel conditions.
Traffic counting is the most obvious way to record travel
demand, but knowing the traffic volume is not enough to
understand deep relationships and causal links in passen-
ger transport. The aspects of travel behavior in cities can
change, which can be investigated by interviews, espe-
cially through household surveys. Stated preference and
revealed preference methods can shed light on the motiva-
tion for mode and route choice [14, 15].

Cycling is beneficial for the economy, offers environ-
mental and health character compensations, which allow
citizens to have a healthier lifestyle and it also positively
contributes to the conditions of public transportation [16].
Among other factors, two decisive attributes for a bet-
ter integration between bicycles and motor vehicles must
be mentioned: (i) public safety in the road and (ii) safe
cycling infrastructure [17].

Given these widely documented positive benefits, cycling
downtown, for example, can be correlated with health and
safety risks due to potentially high levels of exposure to
air pollution, road noise and high traffic density [18], as
cyclists often ride on roads shared with motor vehicles or
on cycle routes parallel to or near main roads [19]. In addi-
tion, as Int Panis et al. [20] note, cyclists often have much
higher respiration rates due to their physical activity than
those traveling by car (ventilation for cyclists is 4.3 times
higher than for car drivers). Consequently, over the same
period, they inhale more air pollutants.

Even "cyclist" is a heterogenic group; therefore, during
the planning process, the needs of the different user segments
have to be taken into account. This statement was proved in
a cycling survey carried out by the Wellington City Council
between March and June 2014. Hesitant cyclists, those who
are very unlikely to cycle under current cycling conditions,
represented 9 % of the weighted sample. Those who use
bicycles for recreational purposes represented 17 %. Likely
cyclists made up 12 % — they are likely to cycle under the
current cycling conditions. Safe cyclists, who are strongly
oriented towards cycling, represented 33 % of the weighted
sample. Most respondents think that to increase cycling
demand in Wellington City, the most important feature to be
improved is the cycling infrastructure [21].
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In the 1990s and at the beginning of the 2000s, the engi-
neering approach was the main ideology among transport
professionals. This favored the separation of the different
transport modes, including the separation of interchanges,
as these solutions seemed to be the safest and these pro-
vided the highest possible capacity. The continuing prac-
tice of outdated urban planning projects have caused many
problems to large cities. Such projects focused on pollut-
ing and individualistic transport that causes various prob-
lems for the population of these regions. This car-centric
view has been changed in the last decade, especially with
the wide adaptation of new types of planning approaches
like Sustainable Urban Mobility Planning (SUMP). This
citizen-centered approach promotes the right mixture
among different transport modes. Furthermore, the new
approach promotes shared spaces, as these types of infra-
structure can create livable public spaces, not just surfaces
for transport. At the same time, it seems that shared spaces
and this "liberal" thinking only works in countries where
the transport morale is high, and the transport participants
are aware of each other.

As Berki [14] and Buehler et al. [22, 23] argued, one of
the greatest obstacles for cycling is the perceived danger of
cyclists. Furthermore, they stated that the higher the sepa-
ration between motorized traffic and cyclists is, the higher
the safety for cyclist should be. Thus, providing more ded-
icated cycling infrastructure can increase the level of bike
usage. Although as DiGioia et al. [24] state, there is lim-
ited research on the impact of different measures toward
cycling safety based on before-after crash data. At the
same time, Monsere et al. [25] stated that perceived safety
and user perception is more important related to cycling
related decisions than objective measures of safety.

In this article we will present a survey related to cyclist
route and mode choice decisions in Budapest, Hungary
and its implications to cycling safety. Other policy impli-
cations are also discussed.

2 Methods

BKK Centre for Budapest Transport (henceforth the BKK),
the mobility manager of the city of Budapest is responsible
for the maintenance and development of the Macroscopic
Transport Modell (MTM) of Budapest and its agglomer-
ation [26]. Within the framework of the FLOW project —
where the main goal was to put walking and cycling on an
equal footing with motorized modes as a solution to tackle
urban congestion, by developing a user-friendly method-
ology to assess the effectiveness of walking and cycling

measures [27] — the BKK has procured a household
survey, organized manual cyclist counting and installed
automated cyclist counters. The household survey sam-
ple has been divided into two separate parts; both were
conducted by the CAPI (computer assisted personal inter-
view) method. The first part was a stated preference sur-
vey, where the interviewee had to choose between differ-
ent transportation modes in several situations (n = 3507).
The second part was a simple questionnaire about the
cycling habits and preferences (» = 1511). In this article we
will only present the second — simple behavior — survey
and the results.

We used the stratified sampling methodology; the 23
districts of Budapest were used as a stratum. A simple
random walk sampling process was then used in each dis-
trict with preselected questions related to cycling habits.
As we wanted to gather information about the cycling
habits, our main target group was citizens who have used
bicycle for transportation in the last 30 days. The second
target group was made up of those willing to cycle given
the right circumstances. Those who did not belong to any
of the above groups were not interviewed.

The same socio-demographic clustering questions were
used as in all the similar surveys in Budapest, which are
the following. Information gathered about the household:
location; size; average income; number of different vehi-
cles. Information about the individuals: gender; age; high-
est qualifications; type of employment; type of driving
licenses; frequency of driving; availability of public trans-
port pass and MOL Bubi (the public bike sharing system
at Budapest) subscription; usage of bike; usage of mobile
phone and trip planners.

The first step of our analysis was to check the sam-
ple itself. The sample size was 1511 individuals, out of
whom 672 used a bike in the previous month (from now
on referred as "cyclist"); 839 stated willingness of cycling
(from now on referred as "potential cyclist"). The collected
sample was compared to the 2011 census data regarding to
the districts (Fig. 1) in Budapest and to the population aged
between 20 and 65 (Fig. 2), as well as to gender (Fig. 3).

In the next step, the collected data were organized in dif-
ferent graphs in order to visualize the results. These graphs
helped us to find patterns and draft hypotheses. Ten major
observations were made.

The mean and standard deviation were computed and
presented as the descriptive statistics of the answers.
Four main observations were supported by these descrip-
tive statistics and we derived several smaller insights.
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Fig. 3 Distribution of the sample within gender (n = 1511)

Six hypotheses were tested by the Chi-Square Test.
This test was applied to determine the relation between
two sets of parameters, as most of the answers were nom-
inal ones [28].

One hypothesis was formulated related to the stated
maximum cycled distance. A one-way ANOVA test was
applied to this continuous variable [28].
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3 Results and discussion
The main part of the questionnaire explored cycling
behavior through 8 questions.

In the first question the request was to evaluate cycling
in Budapest in general (Fig. 4). The scale used here ranged
from -3 (very bad) to +3 (very good). The same question was
asked from the users and the potential users (n = 1511). The
environmental impact was the highest evaluated impact of
cycling, with less than 10 % negative value. Comfort and
safety and security were evaluated below zero by most of
the respondents, which suggests a low level of cycling cul-
ture and/or infrastructure in Budapest.

Both groups (cyclists and potential cyclist) were
asked about cycling in general in Budapest from differ-
ent aspects. The first hypothesis with Chi-Square test was
that the two groups should answer significantly differently
to this question. This hypothesis proved to be true, as all
tests showed high significance (p < 0.01). It can be inter-
preted that there is a significant difference between the
views of users and those of potential users. On the other
hand, a more likely scenario is that the user interpreted the
question in a way that it reflected their own cycling activ-
ities not cycling in general.

The second question concerned the different cycling
related activities which happened in the previous two
years (2014—2015) and how those affected the cycling will-
ingness of the respondent (Fig. 5). The four activities were
the following: Cycling infrastructure development (BKK
significantly developed all cycling infrastructure aiming
to form a comprehensive network); Critical Mass (a move-
ment, whose goal is to raise awareness of cycling with
mass events); car free day during the European mobil-
ity week (which is an annual initiative of the European
Commission for Sustainable Urban Mobility since 2002,

Impacts on environment
(mean: 1.32; SD: 1.289)

| s
(mean: 0.92; SD: 1.325)

Time
(mean: 0.81; SD: 1.370)

Comfort
(mean: -0.23; SD: 1.549)

-100% -50% 0% 50% 100%
= Very bad (-3) Bad (2) Somewhat bad (-1)
= Somewhat good (1) ®Good (2) ¥ Very good (3)

Safety and security
(mean: -0.41; SD: 1.775)

Neutral (0)

Fig. 4 Cycling in general in Budapest from different aspect (n = 1511)
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Infrastructure
development
(mean: 1.09; SD: 1.208)

Critical Mass
(mean: 0.09; SD: 1.174)

Car free day
(mean: 0.08; SD: 1.574)

MOL Bubi
(mean: -0.21; SD: 1.594)

-100% -50% 0% 50% 100%
™ Very negative (-3) Negative (2) Somewhat negative (-1)
Neutral (0) ™ Somewhat positive (1) = Positive (2)

m Very positive (3)

Fig. 5 Importance of different activities related to attractiveness to
cycling (n = 1511)

including traffic-related events, such as temporary clo-
sures of streets for cars); and MOL Bubi system develop-
ments. The scale used ranged from -3 (very negative) to +3
(very positive). The same question has been asked from
the users and the potential users as well (n = 1511). Based
on the presented question, the respondents were close to
neutral. This either means that they were not affected by
these actions or that the question was not appropriate to
capture their response.

Potential users (n = 839) were asked how the different
aspects affect their willingness of cycling (Fig. 6). The
scale was designed from -3 (would not encourage) to +3
(very encouraging) and the 0 was indifferent. The aspects
were the following:

 Dbetter traffic behavior and morale,

 safer cycling infrastructure,

» direct infrastructure between the origin and the desti-

nation,

* more, safer bicycle parking facilities around Budapest,

 increase of the public transport fees,

* higher petrol prices,

* higher parking fees,

 introduction of the congestion charge.

The potential users value perceived safety the highest,
it can be seen in morale and safe infrastructure parameters.
They also value the cycling related facilities high. At the
same time, they seemed to have low cost sensitivity (the last
4 parameters) with high differences in the given scores.

Due to the involvement of categorical variables, a Chi-
Square Test was applied. The second hypothesis was that
there is a relation between the average household income
category and the price changes aspects related to willing-
ness to cycling. None of the car related elements (increase
of parking fees: p = 0.484, increase of petrol prices:

Better traffic behaviour
(mean: 1.98; SD: 1.129)

Safer cycling
infrastructure
(mean: 1.95; SD: 1.129)

Directinfrastructure
(mean: 1.66; SD: 1.168)

Safe parking facilities
(mean: 1.51; SD: 1.189)

Higher PT prices
(mean: 0.61; SD: 1.848)

Higher petrol prices
(mean: 0.22; SD: 1.96)

Higher parking fees
(mean: 0.11; SD: 1.840)

Congestion charge
(mean: 0.08; SD: 1.825)
-100% -50% 0% 50% 100%
¥ Very discouraging (-3) Discouraging (2) Somewhat discouraging (-1)

Neutral (0)
¥ Very encouraging (3)

™ Somewhat encouraging (1) ™ Encouraging (2)

Fig. 6 Importance of different factors related to willingness to cycling
(n = 839)
p = 0.162, introduction of congestion price: p = 0.763)
showed high enough significance to accept this hypothesis.
Only the public transport (PT) price increase (p = 0.036)
was significant, but it was not convincing.

There was another parameter on which a third hypoth-
esis was formulated: it was expected that the main trans-
port mode has a significant affect on cost sensitivity. This
proved to be true as the preferred transport mode showed
high significance related to all the above-mentioned
aspects (p < 0.001).

There was an additional question for the potential users
(n = 839), which was related to the willingness of usage of
the MOL Bubi system and how the different interventions
can affect it (Fig. 7). As we are speaking of potential users,

-80% -60% -40% -20% 0% 20% 40% 60% 80%

Larger service area
(mean: 0.35; SD: 1.862)

More station
(mean: 0.27; SD: 1.829)

Lower usage fee
(mean: 0.20; SD: 1.788)

Lower deposit fee
(mean: 0.19; SD: 1.769)

® Very unimportant (-3)
Neutral (0)
¥ Very important (3)

Unimportant (-2)
® Somewhat important (1)

Somewhat unimportant (-1)
B Important (2)

Fig. 7 Importance of different factors related to willingness of usage
MOL Bubi (n = 839)



the scale was erroneously designed from -3 (very unim-
portant) to +3 (very important) and the 0 was indifferent.
The answers suggest the already known theorem accord-
ing to which for surveys using attitude questions, respon-
dents cannot provide meaningful answers if the different
imaginary alternative solutions are not described in suffi-
cient detail. Furthermore, the large number of -3 answers
suggests that most likely this question and the related
answers were compiled in a confusing way, since several
respondents gave it a neutral value.

In the fifth question the cyclists (n = 672) were asked to
order (rank) the following aspects of mode choice based on
their importance (where 1 was the most important and 4
was the least important):

 can reach the destination in a safe environment,

» can reach the destination through a direct route (with

the shortest distance),

» can reach the destination through the quickest route

(with the shortest time),

 can reach the destination in a nice environment.

The most important parameter based on this question
is again perceived safety. It also can be noted that the
respondents value lower mileage more than lower travel
time (Fig. 8).

In the sixth question (Fig. 9), the respondents were
asked to evaluate the importance of different factors
related to their mode choice towards cycling. This section
was presented only to those who cycled in the last month
(n=672). The scale used was from -3 (very discouraging)
to +3 (very encouraging). The factors were the following:

e weather,

» number of destinations on the given day,

* trip purpose,

» cycling infrastructure between the origin and desti-

nation,

 distance,

» bike parking facilities at the destination,

» changing facilities at the destination,

* terrain (e.g. slopes).

All the previously described aspects affect the mode
choice. The weather, the trip purpose and the number of
daily destinations were considered the most important.
At the same time, the terrain and the change facilities
were the least significant. 70 % of all respondents gave
above 0 points for parameters except for the two least sig-
nificant ones. The standard deviation of all parameters is
between 1.34 and 1.67, i.e. the users are experiencing these
factors similarly.
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environment (mean: 2.40; (mean: 2.91; environment
(mean: 1.60; SD: 0.887) SD: 0.987) (mean: 3.09;

SD: 0.85) SD: 1.089)

mg

Fig. 8 Ranking the different aspect in mode choice (n = 672)

Weather
(mean: 1.68; SD.: 1.574)

Number of destinations
(mean: 1.59; SD.: 1.439)

Trip purpose
(mean: 1.57; SD.: 1.491)

Cycling infrastructure
(mean: 1.53; SD.: 1.343)

Distance
(mean: 1.39; SD.: 1.527)

Bike parking
(mean: 1.35; SD.: 1.433)

Changing facilities
(mean: 0.89; SD.: 1.669)

Terrain
(mean: 0.75; SD.: 1.605)

-100% -50% 0% 50% 100%
= Very discouraging (-3) Discouraging (-2)

Neutral (0) ¥ Somewhat encouraging (1) ™ Encouraging (2)
¥ Very encouraging (3)

Somewhat discouraging (-1)

Fig. 9 Importance of different factors related to mode choice (1 = 672)

In the seventh question, 9 different types of cycling infra-
structure were shown with pictures to the respondents and
the request was to evaluate these ones from comfort and
safety points of view. This task was only given to the cyclist
group (n=672). The scale was from -3 (very bad) to +3 (very
good). See the results are summarized in Table 1, ordered
from the least traffic to the most traffic (rows 1-3) and from
the least separation to the most separation (row 4-9).

The fourth hypothesis was that the perceived comfort and
safety of the same type of cycling infrastructure is highly
correlated. This proved valid as the significance level of all
9 cases were p < 0.001. It means that a complex notion as
comfort is most likely to incorporate the safety aspect.

A group has been created selecting the male cyclist
under 35 (n = 181) and their responses were compared
to the answers of the entire population (n = 1511). It was
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Table 1 Results related to different infrastructure types
Comfort Safety
# Picture Type of street
Mean SD Mean SD

1 Residential street 1.24 1.468 1.08 1.595
2 Two lane (2 x 1) street with average traffic 0.19 1.650 -0.23 1.671
3 Multiple lane layout with large traffic -0.71 1.805 -1.25 1.641
4 Contraflow cycling in the street -0.48 1.689 -0.83 1.769
5 Common bus and cycling lane 0.34 1.785 -0.10 1.751
6 Cycling lane 1.76 1.292 1.64 1.403
7 Common pedestrian and cyclist path 1.15 1.375 0.84 1.411
8 Separated pedestrian and cyclist path 1.88 1.177 1.85 1.240
9 Individual, separated cycling lanes 2.66 0.823 2.65 0.887




expected that the younger male group can see the safety
of certain type of infrastructure differently than the rest
of the population. There was significant difference in the
evaluation of contraflow cycling (p = 0.001) and common
bus and cycle lane (p = 0.013).

There was a group of questions in the Budapest sur-
vey related to the route choice aspect of cyclists (n = 672).
Ten situations were presented out of which 6 were related
to the terrain (Fig. 10) and 4 were related to the surface
(Fig. 11). The respondents had to evaluate a situation in
a -3 (very uncomfortable) to +3 (very comfortable) scale.

The different situations related to cycling on different
terrains was (Fig. 10):

+ asmall slope (1-5 %) upwards,

» amedium slope (5-10 %) upwards,

* a hard slope (> 10 %) upwards,

» asmall slope (1-5 %) downwards,

* amedium slope (5-10 %) downwards,

* a hard slope (> 10 %) downwards.

The results are similar to the expectations. Going upwards,
only the hard slope has a significant negative value. At the
same time, going downwards the value also declines when
the slope is increasing, most likely because of fear from the
high slope. The large standard deviation can suggest that
the results are different in different user groups.

It was also expected that male cyclist under 35 (n = 181)
is less affected by the slopes than the entire population
(n=1511). This proved to be valid, for 5 out of 6 occasions.
This group behaves the same in the situation of cycling
upward in a very hard slope, but differently in all the other
cases.

Small slope upwards
(mean: 0.65; SD: 1.496)

Medium slope upwards
(mean: 0.10; SD: 1.628)

Hard slop e upwards
(mean: -0.78; SD: 1.653)

Small slope downwards
(mean: 1.42; SD: 1.483)

Medium slope downwards
(mean: 1.24; SD: 1.559)

Hard slope downwards
(mean: 0.71; SD: 1.802)

-100% -50% 0% 50% 100%
Uncomfortable (-2)
Neutral (0)

= Comfortable (2)

B Very uncomfortable (-3)
Somewhat uncomfortable (-1)

= Somewhat comfortable (1)

= Very comfortable (3)
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The different situations related to cycling on the fol-
lowing surface was (Fig. 11) good asphalt; paving stone;
cobble stone; deteriorated asphalt with potholes. The most
evident obstacles to cycling are poorly designed or main-
tained roads (debris or a poor surface). This is followed
by how much the cyclist are exposed to risks and how
much the drivers alongside the road are unsafe when driv-
ing regarding to assortment of other barriers such as: poor
lighting, a route that is slippery when wet, whether or not
it is raining, and the need to transport bulky items.

Economic development and growth and social benefits
have been constantly contributed to the income generated
by the roads and transport. Poorly maintained roads con-
strain mobility, significantly raise vehicle operating costs,
increase accident rates and their associated human and prop-
erty costs. It is important to emphasize the economic and
social importance of regular road maintenance and to pro-
mote actions to achieve sustainable road maintenance with
limited public resources [29]. Maintenance is more import-
ant than the type of pavement. If pavement is deteriorated,
it provides an additional burden for the user due to high
uncertainty. In Hungary, paving stones are widely used for
cycling routes, although it is evaluated lower than asphalt.

In the questionnaire, the maximum distance for cycling
was asked. Asitisacontinuous variable, a one-way ANOVA
test was used to determine if there is significant difference
between the districts, the young male cyclists and gender
related to the stated maximum distance. Out of the three,
both the district (p < 0.001) and the gender showed high
correlation (p = 0.002), while the difference between the
general population and the young male cyclists were not
significant statistically (p = 0.061). The mean — standard
error plot by districts can be seen in Fig. 12., the average
stated cycling distance in Budapest is around 5 km.

Good asphalt
(mean: 1.72; SD: 1.578)

Paving stone
(mean: -0.71; SD: 1.602)
Cobblestone
(mean: -1.93; SD: 1.245)
-100% -50% 0% 50% 100%
¥ Very uncomfortable (-3) Uncom fortable (-2)
Somewhat uncom fortable (-1) Neutral (0)

= Somewhat com fortable (1) = Com fortable (2)
= Very comfortable (3)

Deteriorated asphalt
(mean: -2.34; SD: 1.015).

Fig. 10 Comfort of cycling in different terrain (n = 672)

Fig. 11 Comfort of cycling in different surface (n = 672)
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Fig. 12 Mean of the stated maximum distance by districts (n = 1427)

This research focused on the analysis of answers col-
lected of a European project. As the available resources
were limited, the sample size was just adequate. It would
have been better, if all the household survey participants
had answered these questions. Although the random walk
process was applied and the respondents were selected
carefully, the statistical representativity of the sample was
not 100 %. Some of the questions were formulated in a
wrong way, but those inadequacies were discussed one by
one above.

Despite the above limitations, this research provided
some insight into the cyclist behavior in Budapest. Some
general remarks and conclusions can be drawn. The next
step of this research is to use the stated preference sur-
vey of the questionnaires to gain additional details of
the behavior and to update the cycling layer of the MTM
based on these results.

4 Conclusions

A questionnaire was developed as part of the FLOW
project in 2016. During a household survey in Budapest,
Hungary 1511 answers were collected based on this ques-
tionnaire. In this sample 672 respondents were "cyclists",
while 839 people were "potential cyclist". After the gen-
eral household related questions, the main part of the
questionnaire explored cycling behavior through 7 ques-
tions. As a vast amount of information was collected, there
were several possible analyses of the dataset [30, 31]. This
article only covers some of the main findings, related to
the first part of our questionnaire. The stated preference
part of the survey will be researched and presented in a
different article.

There were some observations which were obvious even
from very simple descriptive statistics, but which have
implications related to cycling infrastructure and safety:

 the respondents regarded less traffic to be safer and
more comfortable,

* the respondents regarded the more segregated
cycling infrastructure safer, while the common bus
and cycling lane was evaluated worse than the com-
mon pedestrian and cycling lane,

» surface type from the best to the worst: good asphalt,
paving stone, cobble stone, deteriorated asphalt with
potholes,

* the terrain as a factor of mode choice is not important
for respondents, which also appears in the answers
concerning slopes.

There were several hypotheses formulated and proved

during this research:

e there is no significant and provable relationship
between the average household income category and
the price related parameters,

* the main transport mode has significant effect on
cost sensitivity,

* the two groups (cyclists and potential cyclists)
answered the question about cycling in general in a
significantly different way,

* the perceived comfort and safety of the same type of
cycling infrastructure is highly correlated,

» the young male cyclist group perceives safety related
aspects differently than the entire population,

* the young male cyclist group is less affected by the
slopes of the cyclist infrastructure,

* males and females display significant difference in
the stated maximum cycled distance.

Based on the previously described statistical analysis,
we can state that the perceived safety is very important in
the willingness of cycling. Due to the difference in user
groups, the cyclist infrastructure has a varied degree of
importance. For cyclist in Budapest a well-maintained
cycling infrastructure is extremely important and has high
effect on mode choice.
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