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Abstract

Increasing the share of active transport modes such as cycling while decreasing the
trips taken with cars has substantial benefits for the environment, physical health, and well-
being. For such a shift, it is crucial to have adequate infrastructure that incentivizes utilitarian
cycling. Research regarding the connection between infrastructural characteristics and the
subjective cycling experience mainly focuses on negative emotions such as stress. However, it
can be argued that enjoyment is an important motivator for utilitarian cycling as it is for
physical activity generally. Thus, this study examined how the infrastructural characteristics,
Physical Separation from motorized traffic and Impedance, affect enjoyment during cycling.
Stress, perception of safety, and intention to cycle were also measured. The experiment was
conducted with an online survey. All participants were shown four videos from the point of
view of a cyclist driving in Vienna in a randomized order. The videos varied along the
independent variables Physical Separation (Yes/No) and Impedance (Low/High). Each
iteration of one variable was combined with each iteration of the other variable, making this a
2x2 within-subject experimental design. After every video, the participants were instructed to
answer items to measure the dependent variables. A Repeated Measures ANOVA revealed
significant main effects of Physical Separation on Enjoyment, Stress, Perception of Safety,
and Intention to Cycle as well as significant main effects of Impedance on Enjoyment, Stress,
and Intention to Cycle. However, significant interactions between Physical Separation and
Impedance on all four dependent variables complicate the picture. Sometimes good conditions
in both independent variables were necessary for favorable results, whereas in some cases
good conditions in one were sufficient. Nevertheless, practical implications can still be drawn:
Build cycling infrastructure that is separated from motorized traffic and that lets cyclists drive

at their preferred speed for a better cycling experience in urban areas.



Introduction

Benefits for the environment as well as societal health and well-being warrant a shift
from the current car-centric transport systems towards more cycling-friendly infrastructure.
Climate change caused by greenhouse gas emissions already has a detrimental impact on
human lives today (Ipcc, 2022). Roughly eleven percent of those emissions are caused by
road transport, making private motorized transport a crucial driver of climate change (Lamb et
al., 2021). More locally, a reduction in car trips can make cities more livable. Cars are a major
source of air and noise pollution and thereby increase the risks for a vast array of diseases
especially within cities (Singh et al., 2018; Suades-Gonzalez et al., 2015). Furthermore, cars
are an extremely space-ineffective mode of transport; a moving car takes up to 28 times more
space than a moving cyclist and even 70 times more space than a moving pedestrian (Nello-
Deakin, 2019). Given the evidence for the potential restorative effects of urban areas (Weber
& Trojan, 2018), having such a space-ineffective predominant mode of transport likely
reduces city planners” abilities to take advantage of such potentials. Additionally, the
pavement needed to accommaodate cars in cities critically contributes to increased
temperatures in urban areas compared to rural areas (Wong et al., 2011) resulting in increased
mortality due to heat deaths for urban populations (Sera et al., 2019). Moreover, cars directly
cause fatalities. Globally, around 1.3 million people per year die in traffic crashes making it
the leading cause of death for people between the ages of five and 29 years (World Health
Organization, 2018).

But individual transport choices do not only affect others, they also impact the people
who are moving themselves. In contrast to driving, cycling comes with numerous health
benefits such as increased cardiovascular fitness, improved aerobic power, and lower risk of
all-cause and cardiovascular disease mortality (Oja et al., 2011). Furthermore, commuting not
only affects physical health, it also impacts mental well-being. Generally commuting is seen

as unpleasant (Kahneman & Krueger, 2006). However, research indicates that cycling as a



mode of commuting has more positive effects on well-being compared to driving a car or
taking public transportation (Chatterjee et al., 2020). Cyclists appear to be happier with their
commutes than their motorized counterparts (Smith, 2017). Furthermore, the results of
Schneider and Willman (2019) indicate that changing one’s mode of commuting to cycling
increases commute satisfaction. Overall these findings suggest that cycling is an enjoyable
mode of transport. This characteristic can be utilized by public officials to increase the share
of utilitarian cycling since positive affect during physical activity is associated with a higher
likelihood of future physical activity (Rhodes & Kates, 2015). Generally, there is a growing
consensus in sports science literature that enjoyment is an important motivator for physical
activity (Chen et al., 2021; Yli-Piipari et al., 2013). Hence, creating cycling infrastructure that
enhances the enjoyability of bike rides would likely facilitate an uptake in cycling trips.
However, when researchers look into the relationship between the affective experience during
cycling and infrastructural features their main focus tends to be on negative emotions,
especially stress (Lim et al., 2022). To complement the existing research | examined how
certain infrastructural characteristics in urban areas affect enjoyment when cycling.

The first characteristic of interest is the existence or lack of a Physical Separation
between cyclists and motorized traffic. Survey data suggests that having bike lanes with a
physical separation from motorized traffic is a key motivator for cycling (Winters et al., 2011)
and a lack of such separation is associated with a higher risk of injury (Lusk et al., 2011) and
stress (Teixeira et al., 2020).

The second characteristic of interest is Impedance. Impedance is caused by any
external factors that hinder a commuter’s movement toward their destination (Schaeffer et al.,
1988) and can be operationalized with travel time and distance (e.g., Novaco et al., 1979).
According to various studies, that focused on car commuters, high impedance is associated
with increased stress (Chatterjee et al., 2020). For cyclists, the connection between impedance

and stress or other affective states is not established; impedance is often defined differently



(Vale et al., 2015). However, anecdotal evidence suggests that part of the appeal of cycling is
the playful attempt to maintain “continuous movement” or “flow” (Spinney, 2011). High
impedance conditions would likely disrupt this feeling of flow and therefore joy.

Next to enjoyment, | also examined the effect of those characteristics on stress when
cycling. Evidence for the association between no physical separation and increased stress
already exists (Teixeira et al., 2020). This study tried to replicate these findings with a
different methodology. The link between impedance and stress has only been demonstrated in
car drivers (Chatterjee et al., 2020). The present study examined whether this link extends to
cyclists. Furthermore, | investigated how physical separation and impedance affect the
perception of safety as it is an important and commonly used measure for the evaluation of
street designs (e.g., Huemer et al., 2022). At last, the intention to cycle was also measured to
bridge the gap between subjective experience and volitional mechanisms.

Thus, I hypothesized that Physical Separation in comparison with No Physical
Separation will lead to increased enjoyment (H1a), less stress (H1b), a higher perception of
safety (H1c), and a heightened intention to cycle (H1d). Furthermore, I posited that Low
Impedance in contrast to High Impedance would be associated with increased enjoyment
(H2a), lower stress (H2b), and a heightened intention to cycle (H2d). Additionally, I examined
the interaction between the effects of Physical Separation and Impedance on enjoyment,
stress, perception of safety, and intention to cycle on an explorative basis.

Methods

To examine the effect of Physical Separation from motorized traffic and Impedance on
Enjoyment, Stress, Perception of Safety, and Intention a pilot study and a main study were
conducted. Both studies had the form of an online survey that showed the participants the
same four videos. The only difference was that, in the pilot study, the participants had to
answer some additional questions that were not presented in the main study. The purpose of

those additional questions was to validate the independent variables Physical Separation as



well as Impedance and to control for the potential confounding variables greenery, weather,
and traffic. Furthermore, the data from the pilot study was used to calculate the correlation
between repeated measures for the power analysis of the main study. Unless explicitly
mentioned, the following descriptions apply to both studies.

Participants

For both studies, all people that are at least 18 years old were eligible to participate. In
the pilot study, ten individuals, eight males and two females, participated. Their age was
between 22 and 28 years old with a mean age of 25.6. However, three participants did not
provide age information.

To find an appropriate sample size for the main study a power analysis with G*Power
was conducted (Faul et al., 2007). For this analysis, | used the weakest reported effect size (np?
=.060) of the subjective measures (subjective safety, stress, comfort) from study 2 of a paper
by Huemer et al. (2022). Here, the study design, statistical analysis, and online format are
similar to the present study. With a significance level of 5%, a statistical power of 95%, and a
correlation between repeated measures of 0.133, which was calculated with the data from the
pilot study, the recommended sample size was 60.

Overall 75 people participated in the study. However, 15 were excluded because they
did not complete the survey and/or more than one answer was missing. This resulted in 60
participants whose answers were included in the analysis. Their age range was from 20 to 60
years old, with a mean age of 29.5 years. 24 of the respondents were male, 36 were female.
Procedure

In the pilot as well as the main study, the participants were shown four videos from the
point of view of a cyclist, who is driving in the city of Vienna, which vary along the
independent Variables Physical Separation (Yes/No) and Impedance (Low/High). These
videos were presented to the participants through an online survey that was created with

Qualtrics (https://www.qualtrics.com). In the distribution of the survey and the instruction text
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within the survey, it was emphasized that the participants should use a laptop or personal
computer and be in a quiet place to have the ideal experience. Additionally, it was advised to
use headphones if possible.

The online survey started with an instruction text. Then the first video was presented.
After the video, the items for the dependent variables were displayed. In the pilot study
participants also had to answer additional items for the validation of the independent variables
and the controlling for potential confounding variables after each video. When a participant
completed the items and pressed “continue”, the next video was shown. This process was
repeated until the fourth video and its subsequent items. The order of the videos was
randomized. In the end, items regarding demographic information and mobility behavior were
presented. For my purposes, demographic information included age, gender, occupational
status, and current place of residence; mobility behavior here meant the frequency of the
participants' usage of cars, public transportation, walking, and cycling per week. After that,
the participants were thanked for their time and debriefed on the last page of the survey.
Materials

The videos were filmed with a camera mounted on the researcher’s chest while he was
riding on his bike on selected streets in Vienna. The camera used was a GoPro 8 with the
brand’s supplied chest strap. To get the right angle, the camera was mounted on this strap
upside down. Here, the goal was to simulate the point of view of a cyclist with the road ahead
in the center, the surroundings on the sides, and the handlebars at the bottom. In the activity
mode, the camera was set to a resolution of 2704 x 1520 pixels (2.7k) in a 16:9 aspect ratio,
60 frames per second, and a wide (16 — 34 mm) field of view. An illustration of the camera
setup and a screenshot of a resulting video can be seen in Figure 1. As mentioned above, the
videos varied along the independent variables Physical Separation (Yes/No) and Impedance
(Low/High). To be more precise, each of the two iterations of one variable were combined

with each of the two iterations of the other variable. This resulted in four videos with the



Figure 1

Illustration of the Camera Setup on the left and a Screenshot from a Video on the right

|

following combinations of variables: Physical Separation + Low Impedance, Physical

Separation + High Impedance, No Physical Separation + Low Impedance, and No Physical
Separation + High Impedance.
Measures

After each video, the same seven items for the dependent variables and instruction text
were portrayed. The first four items aim at the dependent variable Enjoyment. These items are
taken from the PACE-S (Chen et al., 2021) and modified for this study. The PACE-S is a
shortened version of the Physical Enjoyment Scale and measures how much people enjoy
being physically active. For the analysis, the average of those four items was used. Below
them, one item for each of the other dependent variables, stress, perception of safety, and
intention, was presented. The participants were asked to rate all items from “strongly
disagree” to “strongly agree” on a five-point Likert scale.

The pilot study had five additional questions that were shown below the seven items
for the independent variables. Of those 5, the first two aimed to validate the independent
variables Physical Separation and Impedance. The other three controlled for the potential
confounding variables greenery, weather, and traffic. An overview of all items can be seen in

Table 1.



Table 1

Overview of the Items used in the Pilot and Main Study

Items with instruction that were used in both the main and the pilot study:

Imagine you are riding this section on a bike. Please indicate how much you agree to the
following statements:

I would enjoy it (strongly disagree — strongly agree)

I would find it pleasurable (strongly disagree — strongly agree)
It would be very pleasant (strongly disagree — strongly agree)
It would feel good (strongly disagree — strongly agree)

It would be stressful (strongly disagree — strongly agree)

It would be safe (strongly disagree — strongly agree)

I would like to commute on my bike in such a section (strongly disagree — strongly agree)

Items that were only used in the pilot study:

How close are cyclists and motorized traffic on this section? (not close at all — very close)
How fast can a cyclist travel in this section? (not fast at all — very fast)
How much greenery is in this section? (very little — very much)

How is the weather in the video? (very bad — very good)

Experimental Design and Statistical Analysis

The study was conducted with a 2x2 within-subject design; the four videos combined
two iterations of two variables and all participants were presented the same videos. This
design resulted in a Repeated Measures ANOVA to test the main effects of the independent
variables on the dependent variables and their interaction for significance.

Results

Pilot Study
Validating the Independent Variables

To assess whether the videos represent the independent variables adequately, the



participants were asked to rate, for each video, the proximity between cyclists and motorized
traffic as well as the speed a cyclist could travel. On average, sections with Physical
Separation between cyclists and motorized traffic were rated less close (2.30 with High
Impedance, 3.40 with High Impedance) than the ones with No Physical Separation (4.50 with
High Impedance, 4.40 with Low Impedance). This indicates that the videos correctly
represent the Variable (No) Physical Separation.

When asked about the speed at which a cyclist could travel, the conditions featuring
Low Impedance were rated 4.30 with Physical Separation and 3.80 with No Physical
Separation on average. In contrast, the sections with High Impedance received average ratings
of 1.50 with Physical Separation and 3.30 with No Physical Separation. Thus, it seems that
the videos correctly represent the categories Low/High Impedance.
Controlling for possible Confounding Variables

The pilot study included three items after each video to control for the potential
confounding variables greenery, weather, and amount of traffic. Ideally, all videos should
receive similar ratings here. The average ratings for greenery in the section were 2.80
(Physical Separation and Low Impedance), 1.40 (Physical Separation and High Impedance),
1.80 (No Physical Separation and Low Impedance), and 1.30 (No Physical Separation and
High Impedance). The average appraisals for weather were 4.40 (Physical Separation and
Low Impedance), 4.40 (Physical Separation and High Impedance), 4.50 (No Physical
Separation and Low Impedance), and 3.90 (No Physical Separation and High Impedance). For
the amount of traffic, those averages were 2.80 (Physical Separation and Low Impedance),
4.60 (Physical Separation and High Impedance), 3.00 (No Physical Separation and Low
Impedance), and 3.60 (No Physical Separation and High Impedance).

Hence, the weather conditions seem relatively similar throughout the videos. In
regards to greenery and the amount of traffic, there are some differences between the videos.

This should be kept in mind when interpreting the results.
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Main Study

An overview of all descriptive results can be seen in Table 2.
Enjoyment

After each video, the participants responded to four items as a measure of Enjoyment.
The average of those items was then used for the analysis. To test the reliability and internal
consistency between these four items, Cronbach’s alpha coefficient was calculated in each
condition. For the condition with Physical Separation and Low Impedance, Cronbach’s alpha
coefficient is .946, for the condition with Physical Separation and High Impedance it is .949,
for the condition with No Physical Separation and Low Impedance it is .938, and for the
condition with No Physical Separation and High Impedance it is .940. This suggests a very
high consistency between the four items for Enjoyment and that they likely measure the same
construct. However, the degree of consistency might also indicate that some of the items were

redundant.

Table 2
Mean Ratings of the Dependent Variables in each Condition with the Standard Deviation in

Parentheses

Perception of Intention to

Enjoyment Stress Safety Cycle

Physical Separation
3.63 (0.94) 1.82 (0.97) 4.22 (0.96) 4.07 (1.10)
Low Impedance

Physical Separation
. 2.56 (0.95) 3.18 (1.27) 3.50 (1.00) 2.77 (1.23)
High Impedance

No Physical Separation
1.94 (0.82) 3.67 (1.10) 2.17 (0.96) 2.05 (1.00)
Low Impedance

No Physical Separation
) 2.36 (0.90) 3.53 (1.14) 2.62 (0.96) 2.27 (1.02)
High Impedance
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In accordance with H1a, the main effect of Physical Separation on Enjoyment was
significant (F (1,56) = 63.148, p <.001, n;, = .530) — Physical Separation is associated with
more Enjoyment in comparison to No Physical Separation. Similarly, the main effect of
Impedance on Enjoyment (H2a) was also significant as previously assumed (F (1,56) =
13.062, p <.001, n3 = .189). However, the Interaction between Physical Separation and
Impedance was significant as well (F (1,56) = 66.926, p < .001, n;; = .544).

Post-hoc paired samples t-tests showed that the difference between the conditions with
Physical Separation and with No Physical Separation was significant in the conditions with
Low Impedance (t (58) = 9.162, p <.001) but not with High Impedance (t (57) =1.828, p =
.073). The differences between the conditions with Low Impedance and High Impedance
were both significant in the conditions with Physical Separation (t (58) = 7.368, p <.001) as
well as with No Physical Separation (t (57) = -4.286, p <.001). However, these significant
differences go in opposite directions: When there is Physical Separation, Low Impedance in
comparison to High Impedance leads to higher enjoyment, whereas when there is No Physical
Separation Low Impedance is associated with lower enjoyment compared to High Impedance.
The former conforms with the hypothesis, the latter contradicts it. A visualization of the
interaction between the effects of Physical Separation and Impedance can be seen in Figure 2.
Stress

As hypothesized, both the main effects of Physical Separation (H1b) (F (1,59) =
46.609, p <.001, 77;2: =.441) and Impedance (H2b) on Stress were significant (F (1,59) =
24.618, p <.001, n,; = .294) — Physical Separation and Low Impedance were associated with
lower Stress. Furthermore, the interaction between Physical Separation and Impedance was
significant (F (1,59) = 37.749, p <.001, n; = .390).

In the post-hoc paired samples t-test, the difference between the conditions with

Physical Separation and No Physical Separation was significant in the Low Impedance
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Figure 2

The Interaction between the effects of Physical Separation and Impedance on Enjoyment
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condition (t (59) =-2.532, p = .014) but not in the High Impedance Condition (t (59) = -1.888,
p =.064). In a similar pattern as with the dependent variable Enjoyment, the differences
between Low Impedance and High Impedance were both significant in the condition with
Physical Separation (t (59) =-6.641, p <.001) and with No Physical Separation (t (59) =
0.984, p =.329) but in a different direction. Low Impedance was associated with lower Stress
compared to High Impedance in the condition with Physical Separation; in the condition with
No Physical Separation, it was vice versa. As before, the former is in accordance with the
hypothesis, but the latter is not.
Perception of Safety

In keeping with H1c, the main effect of Physical Separation on the Perception of
Safety was significant (F (1,59) = 126.006, p <.001, 7712, = .681) — sections with Physical
Separation were perceived as safer than sections with No Physical Separation. There were no
previous assumptions about the association between Impedance and Perception of Safety.
Accordingly, the main effect of Impedance on the Perception of Safety was not significant (F

(1,59) = 1.385, p = .244, n2 = .023).
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However, the interaction between the effects of Physical Separation and Impedance
was significant (F (1,59) = 23.581, p <.001, n; = .286) leading to post-hoc paired samples t-
tests for the effect of Physical Separation. Here, the differences between Physical Separation
and No Physical Separation were significant in the Low Impedance condition (t (59) =
10.503, p <.001) as well as in the High Impedance condition (t (59) =5.597, p < .001).
Intention to Cycle

Corresponding to H1d and H2d, both the main effects of Physical Separation (F (1,59)
=106.269, p <.001, nj = .643) and Impedance (F (1,59) = 21.573, p <.001, n; = .268) on the
Intention to Cycle were significant. Furthermore, the interaction between these effects was
also significant (F (1,59) = 47.074, p <.001, nj = .444).

In the subsequent post-hoc paired samples t-tests, the difference between Physical
Separation and No Physical Separation was significant in the Low Impedance condition (t
(59) = 10.328, p <.001) as well as in the High Impedance Condition (t (59) = 3.940, p <
.001). However, the difference between Low Impedance and High Impedance was only
significant in the condition with Physical Separation (t (59) = 6.618, p < .001) and not with
No Physical Separation (t (59) =-1.897, p = .063).

Discussion

The present study aimed to examine the effects of Physical Separation and Impedance
on the subjective cycling experience in urban areas. It was hypothesized that the existence of
a Physical Separation would lead to higher enjoyment, lower stress, a higher perception of
safety, and a higher intention to cycle. Similar effects were expected for Low Impedance (in
contrast to High Impedance) with an exception for perception of safety; no assumptions were
made here.

With a Repeated Measures ANOVA, significant main effects of both Physical
Separation and Impedance on Enjoyment were found. However, the interaction between the

two effects was significant as well. The subsequent post-hoc paired samples t-test showed that
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Physical Separation only had a positive significant effect on Enjoyment in the condition with
Low Impedance but not with High Impedance. The differences between Low and High
Impedance were significant in both conditions with and without Physical Separation, but these
differences went in a different direction; with Physical Separation, Low Impedance was
associated with higher Enjoyment, with No Physical Separation it led to lower Enjoyment.

The main effects of Physical Separation and Impedance on Stress as well as their
interaction were significant. In the following post-hoc paired samples t-test, the differences
between Physical Separation and No Physical Separation turned out significant only with Low
Impedance but not with High Impedance. The contrast between Low and High Impedance
was significant with Physical Separation but not with No Physical Separation.

Physical Separation had a significant main effect on the Perception of Safety, whereas
Impedance did not. However, the interaction between the two was significant again.
According to the post-hoc paired samples t-test, Physical Separation had a significant positive
effect on Perception of Safety both with Low and High Impedance.

The main effects of Physical Separation and Impedance on the Intention to Cycle as
well as their interaction were significant. In the subsequent post-hoc paired samples t-tests,
Physical Separation is associated with a higher Intention to Cycle both with Low and High
Impedance. However, Low Impedance only led to a higher Intention to Cycle with a Physical
Separation and not with No Physical Separation.

When examining the subjective cycling experience in relation to cycling infrastructure,
physical separation is a popular feature for researchers. Previous research already links the
lack of physical separation between motorized traffic and stress (Teixeira et al., 2020). The
present study was able to replicate those findings by providing further evidence that no
physical separation is associated with increased stress levels. Furthermore, a physical
separation can be an important motivator for cycling (Winters et al., 2011). This is

corroborated by the finding that a physical separation is linked with an increased intention to
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cycle. The lack of a physical separation does lead to a higher injury risk for cyclists (Lusk et
al., 2011). It is beyond the scope of the present study to judge the safety implications of a
physical separation. However, the results suggest that the participants felt less safe without a
physical separation; given the previously mentioned evidence, a correct assessment. The link
between a physical separation and enjoyment when cycling has not been in the focus of
psychological research yet. Thus, this study was able to present new evidence that a physical
separation is important for the enjoyment of cyclists in urban areas.

Research regarding the link between impedance and commuters” subjective experience
focused mainly on car drivers. Here, high impedance is especially associated with increased
stress (Chatterjee et al., 2020). Thus, the present findings provide new evidence that high
impedance may also lead to increased stress for cyclists. Enjoyment and the intention to
drive/cycle has not yet been examined in either car drivers or cyclists. The current results
begin to fill that gap and suggest that high impedance lowers cyclist enjoyment and intention
to cycle.

The major takeaway of this study is that both Physical Separation and Impedance
seem to play an important role in the subjective cycling experience as both affect enjoyment,
stress, as well as the intention to cycle and Physical Separation additionally impacts the
perception of safety. It is especially noteworthy that the results suggest that good conditions
for both Physical Separation and Impedance are necessary for optimal outcomes. The video
with Physical Separation and Low Impedance received the best ratings throughout.
Furthermore, the post-hoc paired samples t-tests revealed a certain pattern for the dependent
variables enjoyment and stress. Here, Physical Separation and Impedance only had a positive
significant impact when the other independent variable was in its better condition (Low
Impedance and Physical Separation). This was also true for the effect of Impedance on the
intention to cycle. However, this pattern was not observable for the effects of Physical

Separation on the perception of safety and the intention to cycle. In these cases, Physical
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Separation seems to lead to positive outcomes regardless of the degree of Impedance. This
suggests that Physical Separation can lead to an improved cycling experience independent of
Impedance for those outcomes.

Oddly, the post-hoc paired samples t-test revealed that the section with No Physical
Separation and Low Impedance was rated significantly lower for Enjoyment than the section
with No Physical Separation and High Impedance. This was unexpected because, in light of a
similar degree of physical separation, the better Impedance conditions should in theory lead to
higher enjoyment. A possible explanation for this may be the fact that in the video with No
Physical Separation and Low Impedance, the cyclist rides in the dooring zone. This means
that on the right side of the bike lane are parallel parked cars. When a door of a car gets
opened, a cyclist on that bike lane may collide with that door. In such conditions, this is a
common type of accident involving cyclists and thus poses a real threat to them (Schimek,
2018). Furthermore, in a study about the heart rate variability of cyclists in relation to their
perceived exposure to risk, a car door opening in front of a cyclist was among the incidents
with the highest risk ratings (Doorley et al., 2015). Hence, this may plausibly explain why the
video with No Physical Separation and Low Impedance received the worst rating for all four
dependent variables.

This unexpected result also illustrates a broader limitation of the present study. The
videos were filmed on real streets and not created in a laboratory. Thus, it was challenging to
clearly designate the independent variables. The two videos with Physical Separation likely
do not have the exact same degree of separation; the two videos with High Impedance do not
have the exact same level of Impedance. The results of the pilot study indicate that the videos
tend to portray the independent variables correctly but this portrayal is not completely precise.
Additionally to the dooring zone, the pilot study also revealed potential confounding variables
in the amount of traffic and greenery. If you take all of this into account it becomes clear that

any theoretical conclusions from this study should be considered carefully. The general
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takeaway that both Physical Separation and Impedance affect the subjective cycling
experience and that sometimes good conditions in both are necessary for optimal outcomes
still stands but for more detailed interpretations further research is necessary.

Additionally, it should be mentioned that videos likely cannot bring across all aspects
of cycling that are relevant for the subjective experience. A possible explanation for the better
affective appraisals of commuting with a bike in contrast to driving a car or taking public
transport is that cyclists experience the right amount of arousal (Gatersleben & Uzzell, 2007).
The physical activity of cycling may contribute to that and a mere video from the view of a
cyclist does not provide that. Cycling in real life also comes with a much broader perceptive
experience that cannot be replicated through a video. Thus, research regarding Impedance
when cycling in real life might be fruitful; examples for Physical Separation already exist
(e.g., Teixeira et al., 2020).

There is already comprehensive knowledge about measures that can promote cycling
(e.g., Pucher & Buehler, 2008). The present work provides further evidence that cycling
facilities separated from motorized traffic likely bear more favorable outcomes than the
approach of vehicular cycling (Reid, 2017). Furthermore, it emphasizes the importance of
possible travel speed for cyclists. Traffic lights and congestion may be an obstacle for that.
Thus, measures such as green waves for cyclists or providing them the right of way when
feasible can improve the subjective cycling experience and thus promote cycling.

In the effort to make cities more livable, getting mobility issues right is arguably very
important. Mobility crucially affects the air quality (Suades-Gonzalez et al., 2015) and noise
levels (Singh et al., 2018) within a city. Mobility infrastructure also plays an important role in
making summers hotter in cities in comparison to rural areas (Wong et al., 2011). Having
space-saving mobility infrastructure, lets city planners create more green spaces that evidently
have many positive effects for humans (Kondo et al., 2018). In all of these issues, utilitarian

cycling has the edge over driving a car. Bikes do not pollute, barely make noise and are a lot
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more space efficient (Nello-Deakin, 2019). Furthermore, commuting via bike positively
affects your physical health (Oja et al., 2011) and seems to be more enjoyable than more
sedentary transport modes (Chatterjee et al., 2020). Often, the question of lifestyle changes in
light of the climate crisis is: How much are we willing to give up? Here, it seems that there is

actually more to gain than lose.
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Appendix
Abstract (German Version)

Mit einer vermehrten Verwendung aktiver Verkehrsmittel wie Fahrradfahren und einer
gleichzeitigen Reduktion von Autofahrten kommen erhebliche Vorteile fur die Umwelt sowie
fiir die menschliche Gesundheit und Wohlbefinden. Um alltégliches Fahrradfahren zu férdern,
ist eine adaquate Infrastruktur zentral. Der Fokus der Forschung bezlglich des
Zusammenhangs zwischen Infrastruktureigenschaften und dem Radfahrerlebnis liegt
hauptséachlich auf negativen Emotionen wie Stress. Allerdings liegt es nahe, dass Freude ein
wichtiger Motivator firr das Radfahren ist, wie bei korperlicher Aktivitat generell. In dieser
Studie wurde daher untersucht, wie die Infrastruktureigenschaften, physische Trennung vom
motorisierten Verkehr und Widerstand, die Freude beim Radfahren beeinflussen. Stress,
Sicherheitswahrnehmung und die Intention fahrradzufahren wurden ebenfalls gemessen.
Mittels einer Online-Umfrage wurde allen Teilnehmenden vier Videos in zufalliger
Reihenfolge aus der Perspektive eines Radfahrers gezeigt. Die Videos variierten entlang der
unabhéngigen Variablen Physische Trennung (Ja/Nein) und Widerstand (Niedrig/Hoch). Aus
den vier Kombinationsmoglichkeiten ergab sich ein 2x2 experimentelles Versuchsdesign.
Nach jedem Video wurden die Teilnehmenden aufgefordert, Fragen zu beantworten, um die
abhangigen Variablen zu messen. Eine Repeated Measures ANOVA ergab signifikante
Haupteffekte der physischen Trennung auf Freude, Stress, Sicherheitswahrnehmung und
Intention fahrradzufahren sowie signifikante Haupteffekte von Widerstand auf Freude, Stress
und Intention fahrradzufahren. Signifikante Interaktionen zwischen physischer Trennung und
Widerstand bei allen vier abhéngigen Variablen zeigen jedoch, dass manchmal gute
Bedingungen in beiden unabhéngigen Variablen fir glnstige Ergebnisse notwendig waren,
wéhrend in einigen Fallen gute Bedingungen in einer ausreichten. Flr die Praxis lasst sich
ableiten, dass sowohl eine physische Trennung von motorisierten Verkehr als auch geringer

Widerstand in der Radinfrastruktur zu einem positiven Radfahrerlebnis beitragen.



