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established vehicle models. Alternatively, cyclists could be considered as fast
pedestrians. Pedestrians possess numerous degrees of freedom, including the
ability to turn around on the spot, thereby demonstrating a high degree of
flexibility in their movement. In contrast, vehicles are confined to following a
designated lane and consequently exhibit a reduced degree of flexibility in their
behaviour. However, this flexibility is comparable to that observed in cyclists
traversing a bicycle path. Therefore, cyclists are simulated as narrow vehicles in
this work.

Bicycle-bicycle scenarios in SUMO
Given the absence of any cyclist model in SUMO, the simulation and interaction
of this particular user group is not a possibility. Bicycles are therefore simulated
as narrow, slow vehicles or as fast pedestrians.

Road users in SUMO demonstrate strict adherence to the established rules.
Consequently, the presence of WWC is non-existent in this environment. Cyclists,
on the other hand, are confined to the designated direction of travel along their
designated bicycle path. The introduction of a second lane for cyclists travelling
in the opposite direction would be a prerequisite for the facilitation of WWC .
Additionally, the implementation of a rule allowing for the use of footpaths during
swerving manoeuvres would be necessary.

The same applies to overtaking. Overtaking on a bicycle path is only possible
if the bicycle path is divided into a separate lane.

Figure 19: T-intersection in the SUMO simulation software NETEDIT. A: Nodes
and edges with intersection; B: Possible routes for green vehicle (east
to west) and red vehicle (south to west) intersection (own screenshots
from the SUMO NETEDIT version 1.20.0)

In the crossing scenario, the existing crossing of vehicles can be utilised. In the
example of the Research Intersection, a T-intersection is created in SUMO that
has three corners, three edges, and a crossing point (Figure 19A). With respect
to the routes, the two most frequently travelled routes (Section 4.2.1) were also
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selected in SUMO. Vehicles can travel from east to west and from south to north.
Vehicles can meet at the crossing point (Figure 19B).

In principle, a rule can be defined for the crossing point. If the rule is applied
from priority-to-the-right, initially all parties in the simulation will adhere to it.
The internal attribute of the crossing point type is: right-before-left.

However, it is possible to modify this rule. An intersection without a priority-
to-the-right rule (type: unregulated) would lead to a high number of accidents and
is not used because priority-to-the-right rule applies at the Research Intersection.
In addition, three parameters were used in the simulation to be able to ignore the
right-of-way:

• jmIgnoreFoeSpeed (default 0 m/s)

• jmIgnoreFoeProb (default 0)

• jmIgnoreJunctionFoeProb (default 0)

The attributes jmIgnoreFoeProb and jmIgnoreFoeSpeed are utilised jointly. The
velocity of the attribute is configured to the maximum permissible value. Only
vehicles that are moving at a speed below or equal to the specified value can
be disregarded. The attribute jmIgnoreFoeProb delineates the probability of
circumventing the right-of-way rule and will be refined based on the outcomes
of this study. The final parameter guarantees that vehicles that have already
entered the intersection can also be ignored.

The speed distribution of cyclists is controlled by the speedFactor, which
employs the truncated normal distribution: normc (mean, dev, min, max).

Figure 20: T-intersection in the SUMO simulation software SUMO GUI. Cyclist
(red) takes the right-of-way (A) or gives the right-of-way (B).

The function under analysis draws a normal distribution for both lanes from
the given speed distribution, with the speed distribution itself being adjusted to
real observation data at the conclusion of the analysis. It is possible to execute
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the network in the SUMO GUI, which can result in the collection of additional
SMoS values. An example of the SUMO GUI for the intersection is illustrated in
Figure 20.

The incorporation of narrow vehicles as bicycles results in the concomitant
display of vehicles within the simulation.

The SSM device is utilised for the purpose of calculating the predicted PET
(pPET ). In this context, the ego and the foe vehicle represent two discrete entities.

• ego vehicle = vehicle with SSM device that creates the output

• foe vehicle = vehicle in conflict with ego vehicle

In the scenario depicted in Figure 20, the absence of a direct intersection point is
notable. However, the vehicle from the south merges into the lane, indicating that
in this instance, only the pPET can be calculated. In the observed case of cyclists
from the south and north crossing the footpath, a four-leg intersection is formed,
enabling the determination of a PET .

Like the control of random events, SUMO uses the Mersenne Twister algorithm.
This algorithm can be reproduced by default and can be made non-reproducible
by using the option --random. This option uses the system time to create a seed.
A seed starts the random number generator. A fixed seed can be used to make
randomness that can be reproduced.

The utilised and modified values are presented in Section 5.

Limitations
The simulation is subject to certain limitations. First, there is an absence of a
suitable bicycle model, and therefore narrower vehicles were used and adapted. In
principle, collisions cannot be avoided unless the software is adapted. As these are
narrow vehicles, they always ride in the middle of their lane. Cyclists should move
further to the right. Cyclists have more degrees of freedom than vehicles but less
than pedestrians. Cyclists lose some freedom of movement when simulated as a
narrow vehicle. This is sufficient for some calculations. However, certain evasive
manoeuvres cannot be mapped with it.

3.3.3 Survey

The aim of the survey was to gather subjective data in addition to the objective
traffic observation data to understand the reasons for identified behaviour patterns,
such as not respecting the right-of-way. The online questionnaire was created using
SoSci Survey (Leiner, 2024). Participants were contacted directly and the survey
was shared in a cycling forum.
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The questionnaire consisted of seven pages, of which respondents had to complete
six, depending on the answer to the question about cycling in the wrong direction.
The following pages of questions had to be answered:

• Data protection, declaration of consent, and information about data pro-
cessing

• General riding behaviour

• Query about previous wrong-way riding behaviour

• If the respondent had ridden the wrong way at least once, they received the
WWC questionnaire; if the respondent asserted that they had never ridden
the wrong way, they received the NC questionnaire

• Query about crossing behaviour

• Demographic information

• A page for information on how participants found out about the survey and
a free text field for comments

The survey period commenced on 23 October 2024 and concluded on 31 December
2024. The final valid questionnaire was recorded on 3 December 2024.

The survey pages can be found in the Appendix A.5.

3.4 Traffic Analysis

This section presents the various approaches to analysing the three scenarios of
oncoming, overtaking, and crossing.

3.4.1 Oncoming

The recorded trajectories were filtered by NC and WWC . The whole process
from data recording to analysis is shown in Figure 21. The direction of travel
was determined using polygons. Associated NC and WWC were clustered into
different interaction types, depending on where NC or WWC were riding before
and during the interaction. The Euclidean Distances between the object centres of
the interacting couples were computed. All the identified interactions were checked
manually in the video. Further information such as helmet use, age, gender, or
hands on the handlebars were annotated. The video material was recorded in
reduced quality, which means that information about age and gender can only be
determined very imprecisely and in some cases is based on assumptions. Assuming
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that the bicycles maintained their direction and speed when passing each other,
small data gaps were interpolated linearly.

Figure 21: Analysis plan for the oncoming scenario. Outline of the analysis
procedure from data recording (left) to data clustering and analysis
(right)

Interaction pairs where one or both trajectories were too short or incomplete
were ignored. Sometimes passing took place outside the detection area. These
interaction pairs were also not used. The impact on pedestrians was not analysed
in this study. Care was taken to ensure that pedestrians did not interfere with the
cyclist’s interaction.

3.4.2 Overtaking

In the recorded trajectories, a list of pairs intersecting two defined polygons is
analysed to find overtaking interactions. The process is illustrated in Figure 22.

Figure 22: Analysis plan for the overtaking scenario. Outline of the analysis
procedure from data recording (left) to scenario mining and analysis
(right)

Two polygons along the bicycle path were selected for the purpose of recording
overtaking manoeuvres. In step 1, trajectory 1 crosses polygon 1 at a specific
time (t1,1). A second trajectory also crosses polygon 1 at a time (t1,2). Subtraction
of the times from each other reveals the order in which the polygon was crossed
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by the two cyclists (example calculation in Formula 3.2). If the intersection of the
trajectories in polygon 1 is less than 5 s, the pair is examined further. In step 2,
trajectory 1 crosses polygon 2 (t2,1) and trajectory 2 also crosses it (t2,2). Here,
subtraction can also be used to find out which cyclist first crossed the polygon
(example calculation in Formula 3.3). In the final step, the signs from polygon 1
are compared with those from polygon 2 to determine whether an overtaking
manoeuvre has taken place, whether the cyclists are travelling in a column, or
whether they are travelling side-by-side (or whether the overtaking manoeuvre is
still in progress).
An example calculation:

• Trajectory 1 crosses polygon 1 at 08:35:03 and trajectory 2 at 08:35:05.

t1,1 − t1,2 = −2 s (3.2)

• Trajectory 1 crosses polygon 2 at 08:35:18 and trajectory 2 at 08:35:14.

t2,1 − t2,2 = +4 s (3.3)

Following the alteration in sign, it can be deduced that an overtaking manoeuvre
must have occurred, a fact that is corroborated by the video annotation. In the
absence of a change in sign, it can be inferred that the cyclists are riding one
behind the other. A minimal temporal separation can be interpreted as evidence
that they are riding in close proximity to each other.

In comparison to the oncoming scenarios, it was not possible to interpolate the
incomplete trajectories. This was due to the presence of too many changes in
direction during the overlap that occurred behind and next to each other that
could not be interpolated.

3.4.3 Crossing

It was checked when a trajectory intersected the area of interest and whether
another trajectory also intersected it within 3 s using polygons. This pair of
interactions was used for further analysis. In the calculation of intersections, the
centres of the objects were used. In addition, it must be considered half the width
of the handlebars or half the length of the bicycle. Common length and width
dimensions are 1.90 m and 0.70 m (ADFC, 2020). The complete data process is
illustrated in Figure 23, which encompasses all the requisite processing steps from
data recording, direction of travel detection, and interaction analysis.
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Figure 23: Analysis plan for the crossing scenario. Outline of the analysis
procedure from data recording (left) to analysis (right)

The proximity of cyclists while crossing was also assessed by calculating the PET
and pPET and by calculating the minimum distances between cyclists as members
of the SMoS. For each crossing scenario, the PET is calculated as a measure to
evaluate the situation in terms of traffic safety (Allen et al., 1978). The PET is
used when two road users intersect. The ego user leaves the intersection point
at time t0, while the second user enters at time t1. The difference in time forms
the value for the PET . Euclidean distances between the object centres of the
interacting couples were computed, and the identified interactions were checked
manually in the video. If the trajectories did not cross, for instance because of
swerving, no PET was calculated. Assuming both crossing cyclists maintained
constant headings and velocities, there is the possibility to calculate the pPET
for each moment of time. Interaction pairs were excluded when one or both of
the trajectories were too short or too fractured. The dataset analysed did not
differentiate between individual interactions or groups of cyclists.

3.5 Data Quality

The measurement data was not collected for the purpose of analysing bicycle-
bicycle interactions but rather was repurposed from other projects (KI Data
Tooling (KDT, 2025), SAVeNoW (SAVeNoW, 2025), @city (atCITY, 2025) and
STADT:up (STADT:up, 2025)). The recordings remain suitable for evaluation
due to the accurate detection of cyclists in their designated locations. However,
from 18 to 28 October 2024, no video data was available, precluding the possibility
of a retrospective interaction check. The detection of pedestrians is only possible
to a limited extent, and e-scooters cannot be detected at all, meaning that the
influence of other road users on bicycle interactions could only be checked in the
video material.

The quality of the data is limited, particularly in instances where two cyclists
approach each other. Objects are detected with a delay and occasionally are lost
from view for a moment, resulting in gaps in the trajectories. A review of the video
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material suggests that oncoming cyclists continue on their course. Consequently,
it was possible to interpolate the gap. Smaller lateral deviations would not have
been recorded due to the accuracy of the system. During overtaking manoeuvres,
a brief sequence of close cycling, cut out, overtaking, and cut in is observed. In this
instance, interpolation is not applicable, as the trajectory could not be mapped.
When crossing, the trajectories are detected with high precision until the point
of encounter as they originate from different directions and do not overlap with
each other. Smaller gaps in the trajectories during the crossing can be effectively
interpolated upon review of the video material.

Figure 24: Example of interpolation for the oncoming scenario. A: Before
interpolation with example image (C) and after interpolation (B). Green
dots: NC , red dots: WWC (A and B modified © DLR)

Figure 24 presents a good example of interpolation during the oncoming man-
oeuvre. Figure 24C shows that the WWC was not detected. Prior to the
interpolation process (as depicted in Figure 24A), the calculated distance was
1.86 m. This is because when the two vehicles were operating in close proximity,
the WWC remained undetected. Consequently, a point on the trajectory that
was further away was utilised, as opposed to the situation where the two cyclists
were not at the same height. Following the interpolation, the calculated lateral
distance was 0.92 m (see Figure 24B). It should be noted that, due to the necessity
of utilising the centre coordinates of the objects in the calculation, the distance
between the centre of the handlebar and the point of interest, approximately
0.35 m, had to be subtracted. Thus, the distance during the interaction was 0.57 m,
which is possible with additional measurement uncertainty and when considering
Figure 24C. It is possible that cyclists on the track were not detected and therefore
not included in the analysis. The number of unreported cases is unknown given
that not all of the video material was available because the system experienced
intermittent video data failures. Moreover, the reduced image quality of the video
annotation caused an inaccurate estimation of age and gender. Consequently,
the age was categorised into only three groups: young, middle-aged, and old.
Distinctions between third gender were generally not possible, so the binary gender
classification may also contain some misinterpretations.
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4 Results

This section presents the results for oncoming, crossing and overtaking as another
scenario.

Table 8: Overview of all data sources used with time periods and the number of
interactions found therein

Interactions
Scenario Data set Overview Hours

found

Oncoming

Research Intersection
KI Data Tooling (KDT, 2025):

8–10 Febuary 2022 (50h)
SAVeNoW (SAVeNoW, 2025):

18–28 October 2022 (108h)
STADT:up (STADT:up, 2025):

26 April–2 May 2023 (98h)

256 169

Research Intersection
KI Data Tooling (KDT, 2025):

8–10 Febuary 2022 (37h*)
SAVeNoW (SAVeNoW, 2025):

18–28 October 2022 (108h)
STADT:up (STADT:up, 2025):

26–27 April 2023 (26h)

171 120

Crossing

Intersection in the 30 km/h zone
@city (atCITY, 2025):

18–28 September 2019 (240h)
240 35

Research Intersection
KI Data Tooling (KDT, 2025):

8–10 Febuary 2022 (50h)
SAVeNoW (SAVeNoW, 2025):

18–28 October 2022 (108h)
STADT:up (STADT:up, 2025):

26 April.–2 May 2023 (98h)

256 12

Overtaking

Intersection in the 30 km/h zone
MMoNK (MMoNK, 2023):

14 September 2021 (8h)
8 104

* Without nighttime
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Table 8 shows an overview of all data sources used, the analysed time periods
and the interactions found therein. The exact results are described for oncoming
in Section 4.1, for crossing in Section 4.2 and for other interactions (especially
overtaking) in Section 4.3.1.

4.1 Oncoming

A total of 19,352 cyclists were counted in the data, and 12% of those were WWC .
In the final data set, 169 trajectory pairs of NC -WWC interactions remained
for analysis in the AOI (Figure 12A in Section 3.1.2). During validation and
plausibility checks of the interaction pairs in the video images, gender, age range,
and helmet use were estimated and annotated. It appeared that 61% of the NC
and 75% of the WWC were male. WWC seemed less likely to wear a helmet (7%
of men and 12% of women wore helmets).

4.1.1 Interaction

The first step of the analysis was to examine which patterns occurred (i.e., path
change, passing, and overtaking) during the interactions. Additionally, it was
checked whether similar patterns occurred after passing the interaction partner.
All cases were compared between NC on the bicycle path or footpath and WWC
on the bicycle path or footpath. Each case occurred at least once. The largest
proportion of WWC (21%) was found on 18 October 2022 from 6 to 7 AM and
26 April 2023 from 6 to 7 PM. In this research, the term ‘straight’ is always
used when the WWC trajectory was straight and the WWC remained on either
the bicycle path or the footpath, whereas the term ‘crossing’ is used to denote a
change between bicycle path and footpath. A distinction is made for WWC who
changed to the footpath before the interaction versus those who changed to the
bicycle path after the interaction. Table 9 lists the data for each interaction on the
respective infrastructure (footpath or bicycle path) for NC and WWC . Figure 25
depicts the clusters of encounter situations corresponding to Table 9. The green
lines represent NC cycling from east to west, and the red lines represent WWC
cycling from west to east. In 110 (65.1%) cases, the WWC was on the footpath
and the NC on the bicycle path, and both remained (straight). This was the most
frequent case and the safest for interaction between cyclists because uncontrolled
short-term evasive manoeuvres were less likely to occur (Figure 25, case 1.1). The
second most common occurrence (14.2% of cases) was that the WWC initially
rode on the bicycle path and decided to switch to the footpath (crossing) before
interacting with the NC (Figure 25, case 1.2).
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4.1.2 Distance and Velocity

The average Euclidean distance dmean between interacting NC and WWC was
approximately 2.14 m. In 27 cases d was even less than 2 m. The smallest distance
was dmin = 0.68 m. On average, 11% of WWC (n = 7, 598) were detected. The
proportion of WWC was largest from 6 to 7 AM (20%). NC and WWC did not
always interact in the same way. WWC most often drove on the footpath and
did not have an observable influence on the NC . Table 9 visualises the measured
variables: column dmin,mean quantifies the minimum distance during interaction,
and in column v presents the speeds of both NC and WWC during interactions.
NC and WWC can ride on the bicycle path or footpath. In 70 of 169 cases the
bicycle path was used, and in seven cases both WWC and NC adopted the bicycle
path at the same time. There were no examples of both riders riding on the
footpath. Within the AOI, NC and WWC sometimes first changed paths before
they passed each other (Table 9 type crossing). Otherwise, NC and WWC kept
their path during the interaction (Table 9 type straight). In each situation the
speed of the WWC was lower than of the NC , except in Figure 25 case 3.2. In
three of nine of the crossing cases, it appeared that WWC had already cycled along
the footpath before reaching the AOI. In six cases, the WWC was already on the
bicycle path. In the remaining five crossing cases, the WWC was not detected
until the path change. WWC switched from the bicycle path to the footpath
approximately 14.4 ± 3.7 m before the interaction. When riding on the bicycle
path at the same time, small distances were measured. In one case NC and WWC
rode on the footpath (not shown in Table 9). As the WWC trajectory was too
short, the interaction point could not be determined.
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Figure 25: Types of interaction between NC and WWC : cases 1.1 and 1.2: NC on
bicycle path and WWC on footpath; cases 2.1 and 2.2: NC and WWC
on the bicycle path; cases 3.1 and 3.2: NC on footpath and WWC on
bicycle path (modified © DLR)
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4.1.3 First Model

In most cases, the NC was riding on the bicycle path (n = 161, 95.3%). This makes
it possible to set up a tree of possible interactions and to describe the individual
interactions. The result of the interaction behaviour of WWC encountering NC
on the bicycle path is shown in Figure 26. Cases that occurred less than five times
are not shown.

Figure 26: Possible actions of WWC when NC rides on the bicycle path. Red
bubble shows possible critical cases.

Case 1.1: In 68.3% of the cases, NC rode most frequently on the bicycle path,
while WWC were already on the footpath (straight). NC passed legally and were
unaffected by the WWC on the bicycle path. WWC rode on the footpath and the
interaction between WWC and NC were not critical, but it could not be ruled out
that WWC interacted with pedestrians.

Case 2.1: WWC and NC remaining on the bicycle path was one of the least
observed cases (n = 20, 12.4%), but it can lead to critical interactions (Figure 26,
red bubble). The smallest distance measured for NC and WWC on the bicycle
path was dmin = 0.68 m (see Table 9).

Cases 1.2 and 2.2: In another scenario NC rode on the bicycle path and WWC
initially rode on the bicycle path but decided to switch to the footpath before the
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interaction and, if necessary, to switch back to the bicycle path after the interaction
(crossing with 19.3%).

The red bubble is the most critical case, when both cyclists are on the bicycle
path and the lateral distance between them is the smallest of all cases. Of all the
cases, this is the least common, but has the highest risk of falls and conflicts.

Figure 27: Considered interaction phases in the AOI in the case that NC (green
cyclist) rode on the bicycle path and WWC (red cyclist) changed from
the bicycle path to the footpath

Phase 1 describes the switching process of WWC crossing from the bicycle path to
the footpath. Phase 2 describes the process of NC and WWC passing each other,
with NC riding on the bicycle path and WWC riding on the footpath. In phase 3,
WWC switch from the footpath back to the bicycle path.

Phases 1 and 2 could be observed within the AOI, but in many cases phase 3
could not be observed due to restrictions on the cameras’ field of vision. Phases 1
and 2, as shown in Figure 27, occurred 14 times. The average distance between the
change from bicycle path to the footpath and the interaction was 18.17 ± 3.75 m.
In five observed cases all three phases were recorded. The distance between change
and interaction was 15.58 ± 5.04 m. After the interaction, the change back to the
bicycle path took place after 4.43 ± 1.95 m.

If the first straight section of the infrastructure after the local curve was taken as
the starting point of this study, the change from bicycle path to footpath (phase 1)
took place after 6.08 ± 1.83 m in all 19 cases.

4.1.4 Helmet Usage

During validation and plausibility checks of the interaction pairs in the video
images, gender, age range, and helmet use were estimated and annotated. A
difference between NC and WWC could be identified in 130 interaction pairs, but
approximately 5% of helmet use and age could not be estimated for NC due to
video resolution, camera perspective, contrast, and illumination. Figure 28 gives
the annotation for NC and Figure 29 for WWC . It appears that 61% of NC and
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75% of WWC were male, while 7% of male and 12% of female WWC wore a
helmet. There were five cases of one-handed WWC (due to, e.g., mobile phone
use, carrying objects, hand in pocket).

Figure 28: Video annotation at the Research Intersection. Age, gender and helmet
use of (NC ) with the total number nall of cyclists and the number of
helmet usage for male nhm and female nhf cyclists

Figure 29: Video annotation at the Research Intersection. Age, gender and helmet
use of (WWC ) with the total number nall of cyclists and the number
of helmet usage for male nhm and female nhf cyclists

A comparison with the survey in Section 4.4.2 shows that 47% of respondents wear
a helmet.

4.1.5 Survey

In the survey, 88% of respondents indicated that they had previously ridden in
an incorrect manner at least once (Figure 30). The predominant rationale cited
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for this behaviour was the desire to save time and distance (110 responses). It
should be noted that respondents were permitted to select multiple answers in the
survey. Additionally, the open-text field was utilised on 27 occasions, providing
supplementary reasons for these behaviours (Appendix A.1). The most commonly
cited reasons for this practice included the use of bicycle paths in the wrong
direction for brief distances due to the absence of alternative routes, the inability
to change lanes due to safety concerns, and the unavailability of crossing aids.
Additionally, the lack of planned alternatives due to ongoing construction sites
was identified as a contributing factor.

Figure 30: Reasons for cycling in the wrong direction of travel

In terms of infrastructure, a clear distinction emerges depending on whether the
WWC uses the bicycle path with or without oncoming traffic.

A total of 72% of WWC ride on the bicycle path without the presence of
oncoming traffic. In contrast, when oncoming traffic is present, only 30% of cyclists
stay on the bicycle path, and 59% use the footpath (Figure 31).

In the event of the WWC coming into contact with another oncoming cyclist,
what would be the consequence in terms of speed and distance? Does the WWC
not have any awareness of the oncoming cyclist? In the survey, 75% of WWC
respondents stated that they would slow down if there is an oncoming cyclist, and
none indicated that they would increase their speed. With regard to distance,
84% of respondents stated that they would increase their distance, while only 2%
stated that they would decrease it (Figure 32).

Evaluation of NC is underrepresented as only 16 respondents stated that they
never ride in the wrong direction. However, 62.4% of these respondents also
stated that they reduce their speed when encountering a WWC , while around
50% stated that they maintain their distance. In contrast, 7% of WWC indicated
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that they reduce their distance when encountering NC . When confronted with
a WWC , 81% of NC respondents continued to use the bicycle path, while only
3 respondents (19%) used the footpath (Figure 33).

Figure 31: Use of infrastructure depending on whether there is an oncoming cyclist

Figure 32: Speed change WWC when meeting an oncoming NC
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Figure 33: Speed change NC when meeting an oncoming WWC

4.1.6 Discussion

This study focuses on how WWC adapt their behaviour when NC and WWC pass
each other. For this purpose, 256 hours of real trajectory data were recorded and
analysed regarding NC and WWC interaction at an urban intersection. During
the recording period, 169 interaction pairs between NC and WWC remained in
the final data set for detailed analysis.

Of the 169 interaction pairs, the NC rode most frequently on the bicycle path
and the WWC on the footpath (n = 134). Distances of 1.50 m were mostly
maintained during the interaction. NC and WWC were observed second most
frequently on the bicycle path (n = 27). The speed of NC and WWC was
sometimes higher at closer distances than in the case of the WWC cycling on
the footpath. These interactions, where both NC and WWC cycle on the bicycle
path, are particularly critical, especially when bicycle paths are very narrow.

In the survey, 88% of respondents stated that they had already been a WWC
to save time or distance. Here, 72% of respondents cycle on the bicycle path when
there is no NC nearby and only 30% stay on the bicycle path when there is an
oncoming NC . However, it can be assumed that these 30% of respondents may
come into conflict with an NC on the bicycle path. 75% of respondents stated
that they reduce their speed when a NC is oncoming. The observation data also
showed that WWC cycle more slowly than NC . It can therefore be assumed that
WWC are aware of their situation and are therefore slowing down their speed
deliberately.

A total of 130 interaction pairs could be annotated and analysed according to
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helmet use. Among WWC , 12% wore helmets, aligning with the findings of other
studies (e.g., Alrutz et al. (2009), Große and Böhmer (2021) and Huemer and
Vollrath (2014)). The results also reveal that WWC often rode on the footpath to
avoid conflicts with NC . A small proportion of WWC used the bicycle path at the
same time as NC and passed by them very closely and critically. An explanation
for this choice could be that WWC were aware of their wrong behaviour and thus
adapted to the situation as safely as possible. In the case of WWC who stayed
on the bicycle path, it was not entirely clear whether they did not know that it
was illegal or did not care about such dangerous situations. Some NC swerved
onto the footpath to mitigate the situation. This may have been due to a desire
to insist on their right-of-way and to stay on the bicycle path, and these scenarios
characterised almost 11% of safety-critical interactions.

The results could indicate that if one rule is broken others are added, or
that WWC are generally more willing to take risks. In support of this, WWC
seemed less likely to wear a helmet (with only 7% of male and 12% of female
WWC exhibiting helmet use). WWC rode most frequently on the footpath
(approximately 80% of interaction cases), which is also prohibited, but they
also avoided interaction with NC in this way. WWC were on average slower
in comparison to NC ; this may have been due to a curve they had to pass
before entering the AOI. WWC may also go more slowly to ride more safely due
to awareness of riding in the wrong direction. Further research is necessary to
ascertain whether WWC ’ use of the bicycle path is influenced by gender or helmet
use. Helmet use among male NC was 28% versus 27% for females (Figure 28),
which corresponds to BASt (2021) and a rural observation study from Leschik
et al. (2023). According to the survey, 47% of respondents wear helmets. Given
that some respondents also acknowledged being WWC , this high rate of helmet use
can be attributed to the fact that the survey was disseminated primarily among
individuals interested in bicycles via cycling-related mailing lists.

Reasons for wrong-way cycling include the desire to save time and lack of
knowledge (Große and Böhmer, 2021). Campaigns can help to raise awareness of
the rules, but education is not enough to completely prevent wrong-way cycling.
In the future, it is important to take measures to prevent WWC . As rules and signs
only help to a limited extent, infrastructural adjustments should be considered.
Given the impossibility of fully preventing WWC in the short term, it is important
to better understand and model WWC to avoid bicycle-bicycle conflicts and to
plan safer bicycle paths.

It is not evident that the widening (two-way bicycle path) of the 1.60 m bicycle
path described in this study would be a beneficial course of action. Distances
of 2.36 m were identified as the minimum required for both cyclists to ride on
the bicycle path safely (Table 9, case 2.1). Subtracting 0.35 m for half the
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handlebars position (as measurements were taken from centre to centre) results in
a lateral distance of less than 1.70 m. However, due to the inherent error tolerance
associated with the measurement and comparison with the video material, it can
be assumed that the 1.60 m bicycle path width is not sufficient as this is the
preferred lateral distance. If the bicycle path is 2.40 m in width, it would be
possible to maintain this distance without having to ride on the border of the
bicycle path. This is consistent with the findings of Egeskog (2019), which indicate
that cyclists perceive the presence of oncoming traffic only when the bicycle path
width is less than 2.40 m. There are no statistics on whether wider bicycle paths
cause fewer accidents. However, it can be assumed that there is more space for
interaction when the bicycle path is wider, and therefore there is more space for
lateral movements. There are also no statistics on whether wider bicycle paths
lead to more incorrect behaviour (e.g., more WWC ). However, it can be assumed
that wider bicycle paths that are not two-way bicycle path give the feeling that
there is enough space and therefore encourage WWC . This should be researched
in the future, as well as how to mark two-way bicycle path to prevent, rather than
encourage, WWC . It should further be noted that even a bicycle path 2.40 m in
width does not provide sufficient space for cyclists to overtake or navigate oncoming
traffic safely when the width of the handlebars is 0.70 m. The combined width
of the cyclists and their handlebars already occupies 2.10 m of the path, leaving
only 15 cm of lateral clearance for overtaking and oncoming cyclists. A bicycle
path width of 2.40 m is a minimum requirement. In the interests of safety, cyclists
must wait until oncoming traffic has passed before overtaking. Allowing cycling
on both sides of the road could be a good option but might require a re-design of
intersections (e.g., less space for cars and more space for cyclists or a change of
traffic guidance markings or signalling) and thus higher costs. Moreover, Methorst
et al. (2017) demonstrated that two-way bicycle paths are not accident-free. Still,
two-way bicycle paths can assist in the avoidance of conflicts between cyclists on
road sections without intersections. Another option is the implementation of a
wider one-way bicycle path to mitigate conflicts with WWC .

For NC at the Research Intersection, the last intersection is 180 m away, and
thus they have the option of riding at a higher speed in the AOI, unless they
already see the red traffic light and choose to stop. In contrast, WWC either come
from one of the fords or have to ride around a curve first. As such, there is a
possibility that the WWC go more slowly due to the infrastructure and not only
because they know they are doing something wrong.

The number of interactions between NC and WWC are insufficient to identify
patterns in the occurrence of accidents. During the analysis, no accidents occurred
in the AOI. The establishment of a causal relationship between conflicts and
accidents requires the analysis of larger data sets.
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It cannot be excluded that the interactions observed as critical were not experi-
enced as critical by the cyclists. It is possible that the cyclists were consciously
adapting to the situation and deliberately interacted at close distances that the
observational data identified as potentially dangerous. On the other hand, many
distances are so close that the apparent control during the interaction can lead
to contact or a fall if there are bumps in the road or if one of the cyclists is not
paying attention.

In the 2023 german Fahrrad-Monitor (Bicycle Monitor) survey, around 4,000
people aged between 14 and 69 were asked about their mobility habits. Respond-
ents said they felt safe on more than 90% of routes where cars and pedestrians are
separated (including on-road bicycle lanes separated by bollards). Roads where
cyclists have to share the road with motor vehicles were rated as the least safe.
(BMDV, 2025) In any case, it is important to separate pedestrian and bicycle
traffic without creating barriers. Shifting bicycle traffic to the road would make it
much less attractive to cycle the wrong way but also to cycle in general. Rumble
strips, such as those placed on roads, could remind WWC that they are travelling
in the wrong direction, but this should not be noticeable to cyclists travelling in
the right direction. In addition, they need to be placed in key locations and not
present a hazard if there is snow or ice. There is also a risk that cyclists will avoid
them and use the footpath instead.

LED solutions could also be used to indicate the right direction of travel on
the bicycle path. LED solutions could illuminate green for NC and red for WWC
at defined points on the bicycle path to indicate to cyclists that they are cycling
in the legal or illegal direction. There are already companies that install lighting
technology in the ground to make bicycle paths more visible, or to warn vehicles
with red lights not to drive into oncoming traffic (GIFAS, 2025; LaneLight, 2025).
Pilot projects could help to test and develop this technology on the bicycle paths.

For rental e-scooters, geofencing automatically limits speed in certain areas. For
example, in designated zones in London, United Kingdom, e-scooters can travel
at a reduced speed of around 12 km/h (STANDARD, 2024), or riding may be
completely disabled. Such a system could at least also reduce the speed of rental
e-bikes and make riding in the wrong direction unattractive. This would require
detecting both the direction of travel and the position. In addition, the braking
should be announced or a warning given so that the speed reduction does not
cause an accident. According to DRISI (2020), in addition to e-scooters, some
United States cities are already using geofencing to limit the speed of e-bikes.
The approach is practical for rental bicycles, but for private bicycles, it can only
be implemented with significant effort (due to legal requirements that need to be
verified). However, if the trend shifts towards rental bicycles, geofencing could be
an effective solution to reduce misbehaviour. If all bicycles were also connected
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via V2X (Vehicle-to-everything, wireless real-time communication), it would also
be possible to warn a cyclist from another cyclist crossing the bicycle path, for
example.

4.1.7 Limitations

A globally transferable method to decrease the number and the effects of WWC
is difficult to implement as the rules and infrastructure differ from country to
country. For example, there are wide bicycle paths that can be used on both sides,
where the issue of cyclists riding the wrong way may be irrelevant. This study is
limited to a bicycle path at a certain location at an urban German intersection,
where cycling in both directions of the bicycle path is forbidden.

Moreover, proximity to the intersection is a factor that has the potential to
restrict overtaking manoeuvres. It is conceivable that cyclists may be required
to halt or turn or that they have just commenced their journey. Further studies
should be conducted on an open stretch of bicycle path. However, the addition
of an intersection in particular has the capacity to engender more confusing and
dangerous interactions.

Further general limitations are presented in Section 6.

4.1.8 Conclusion

For the oncoming scenario, 169 interaction pairs between NC and WWC were
analysed.

The results highlight that interactions between NC and WWC have different
characteristics. In many cases, NC and WWC were riding separately on footpaths
and bicycle paths long before interaction with each other. In other cases, WWC
switched to the footpath approximately 14 m before the interaction took place,
which can be explained by awareness of the approaching NC and a desire to avoid
occupying the same narrow bicycle path. In a few cases, the WWC stayed on
the bicycle path, accepting that a close encounter between the NC and the WWC
was going to happen. Additionally, some WWC switched back to the bicycle path
after the interaction. In all these behavioural patterns except the case of the NC
adopting the footpath and WWC remaining on the bicycle path, WWC ’ speeds
were considerably lower than those of NC . This could be because WWC were
aware of their wrong behaviour and thus reduced their speed. In the same way,
NC also seemed to be aware of their wrong behaviour when they adopted the
footpath, which led to lower speeds among the NC as well. In general, the speeds
of WWC were similar among all switching patterns. This is consistent with the
survey, which found that 75% of respondents stated they reduce their speed when
an NC is oncoming.
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Further analyses of the trajectories could provide more information about when
cyclists avoid or keep their path and, if necessary, at what distance a speed
is maintained or adjusted. Riding behaviour and in particular WWC -NC
interactions are expected to differ depending on the type and width of the bicycle
path as well as on the type of bicycle and the cyclists themselves. Further
investigations should be carried out to compare riding behaviour within larger
AOI, different transportation infrastructure, and among different bicycles and rider
types. In the future, additional data will be collected and analysed via suitable
metrics of traffic conflict techniques to determine the behavioural and kinematic
patterns of interacting cyclists and develop reliable tactical and operational cycling
models for safety simulation purposes. A digital twin can help to not only map
current practices more accurately but also to test and optimise new types of
infrastructure and bicycle types. Further data must be collected and analysed
to better understand these interactions and to check whether clusters have been
overlooked. Additionally, it should be checked whether the oncoming distribution
remains the same or underrepresented clusters are gaining in importance.

The influence of weather conditions was not analysed. Puddles or snowy paths
may lead to changes in the riding behaviour of NC and WWC . It would also be
beneficial to investigate NC and WWC in the presence of pedestrian traffic given
that WWC cannot ride onto the footpath.

The transferability of the results to other aspects of this interaction and even
other locations is limited and must be verified through further observations. The
behaviour of cyclists is expected to be similar, especially on separated bicycle paths
and footpaths in Germany. The findings may change if the bicycle infrastructure
has other characteristics, such as increased path width. Transferability to other
countries will likely lead to different results due to differences in construction of
an intersection, traffic rules, and so on.

4.2 Crossing

This section presents the results of the analysis at the Research Intersection and
the associated survey, along with the comparative results for the intersection in
the 30 km/h zone.

4.2.1 Research Intersection: Interaction

Figure 34A shows the number of cyclists, with whole_FoKr representing the total
number of cyclists at the intersection and south_FoKr indicating the number of
cyclists in the AOI. The directions of travel NE/Efurt for northeast to the ford in
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the east (a), NE/NW for northeast to northwest (b), and NW/Efurt for northwest
to the ford in the east (c) are also shown in Figure 34A.

Figure 34: Crossing directions. A: The number of cyclists counted in each
direction; B: The primary directions are illustrated by b and c, in
conjunction with polygons 1–3, which are employed to enumerate the
directions of travel (modified © DLR).

Where a, b, and c describe cycling not only in one direction but also in the opposite
and the illegal direction. As there were hardly any cyclists detected on path a,
only the crossing behaviour between paths b and c is examined (Figure 34B).

The colours in Figure 34A represent the measurement periods. The blue colours
represent the data recorded in February 2022, the yellow to brown colours show
the data recorded in October 2022, and the light to dark green colours show the
second week of October 2022.

In the analysis, cyclists travelling from the east mainly crossed with those
travelling from the south. The correlation between the total number of cyclists at
the Research Intersection and the number of encounters in the intersection scenario
is R = 0.83 (p < 0.05). This indicates that a higher number of cyclists results in an
increased number of encounters and potential conflicts. In total, 282 encounters
were identified, within a 3 s time interval between the crossing of two trajectory
paths.

The PET and pPET values were calculated for the 282 trajectory pairs, and
the values between -3 and 3 s were further analysed.

Of the 282 encounters, 93 had a PET within 3 s as their trajectories intersect
in the AOI. Figure 35A shows an example of a trajectory for two cyclists crossing
each other, where the cyclist coming from the south crosses the bicycle path and
continues north on the footpath.

For a further 27 pairs, no PET could be calculated because the trajectories did
not cross directly, but it was determined where they had headed, the distances
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between them, the pPET and their speeds. Figure 35C shows trajectories that do
not intersect, although the cyclist from the south merges onto the bicycle path.

Figure 35: Interaction while crossing between cyclists with (A) and without
intersection point (B) and PET with (C) and pPET without (D)
crossing point (A and C modified © DLR)

In the following discussion, the 120 cases with a crossing point (n = 93) and in
which merging was observed (n = 27) are examined in greater detail. In 69 of 120
cases where PET or pPET was within 3 s, it was possible without annotation to
ascertain the direction in which the cyclists continued after the interaction. Of the
cyclists travelling from a southerly direction, 38 continued in a northerly direction
and 31 continued in a westerly direction. With the exception of one case, all
cyclists riding from a southerly to a westerly direction were using the designated
bicycle path, while 90% of those riding from a southerly to a northerly direction
used the footpath (Figure 35A). Thus, most of the cyclists from the south cut a
corner not following the bicycle path. Of the cyclists coming from the east, eight
continued north, four of whom switched to the footpath before the interaction. Of
those travelling from east to west (n = 59), 96% used the bicycle path. In the
other two cases, the cyclist switched from the bicycle path to the footpath.

In these 120 cases, the priority-to-the-right rule was respected in 50% and
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ignored in 50% of cases. Figure 35B shows the PET distribution. The distribution
is similar for both sites except for a peak towards higher values in negative PET .
These interactions happened when cyclists who had the right-of-way went first. It
is unclear whether these cyclists were enforcing their right, which is why PET is
closer to zero.

Figure 36: A: Distribution of the intersection points of two trajectories (positive
PET in blue Apos and negative PET in yellow Aneg); B: Negative PET
with video image of Aneg = -1.25 s; C: Positive PET with video image
of Apos = 1.45 s. Crossing cyclists are shown in yellow (from east) and
purple (from south). Other road users are shown in green

There are also cases of unexplained clusters of values around 1.8 s. As illustrated
in Figure 35D, the pPET distribution exhibits a predominance of negative values
relative to positive values. However, a notable accumulation of values around 1.8 s
remains unaccounted for, warranting further investigation. Minimal and medium
PET and pPET values for various crossing scenarios are shown in Table 10.
Overall, about 56% of the interactions while cyclists cross each other (n = 93)
had a PET between -2 and 2 s, with a further 2.2% between -1 and 1 s. Among
the cyclists who merged during the interaction (n = 27), the proportion of pPET
between -2 and 2 s was about 67%, while the proportion of pPET between -1 and 1 s
was about 26%.

Figure 36B shows an example interaction with a negative PET of -1.25 s: the
cyclist from the east, who has the right-of-way, also rides first. Figure 36C shows
a positive PET of 1.45 s: the cyclist coming from the south takes the right-of-way
from the cyclist coming from the west.

For intersecting trajectories, a distribution plot of the intersection points is
shown in Figure 36Apos and Figure 36Aneg. Here, Apos represents the intersection
points with positive (blue dots) values, and Aneg represents the negative (yellow
dots) PET values. The figures show that the distribution of the location of the
intersection points – whether Apos or Aneg – is very similar.
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4.2.2 Research Intersection: Distance, Velocity, and PET

For further analysis, the minimum distance during the interaction and the average
speed were determined. CEW is the cyclist travelling on the bicycle path from east
to west, while CSN is the cyclist crossing the intersection (south to north). The
analysis also considered whether CEW and CSN were on the bicycle- or footpath.

Combinations with fewer than five cases are not included in Table 10. Table 10
distinguishes between crossing with the intersection point and calculated PET
versus crossing without the intersection point and calculated pPET scenarios. The
minimum and mean values for PET and pPET are given in Table 10.

As seen in the PET distribution, the mean PET is closer to zero for negative
PET values. This results in a lower average minimum distance for these cases.
The cyclist coming from the east is either slower or travelling at the same speed as
the cyclist coming from the south. The lowest values (pPET ) and distances were
found when merging onto the bicycle path, where the incidence was also lower
than when crossing the footpath.

Due to the low resolution of the videos, it is not always possible to discern the
direction in which the cyclist is looking in the annotation. Only a distinct head
movement is recognisable. However, since the area is clearly visible from both
sides, a head movement is not strictly necessary to see an approaching cyclist. In
one case where the right-of-way was taken, a clear hand signal and head movement
from CSN was visible in the videos.

It is also not possible to determine from the video annotation or trajectory
analysis whether the cyclist is stopping to counteract an interaction or because of
the infrastructure. Cyclists coming from the south have to overtake a curve unless
they continue on the footpath to the north. This is the group with the highest
speed, reflecting that they have the opportunity to continue unhindered, even if
not legally.

However, it is also the group with the greatest distances between each other,
which does not initially suggest that this is the most conflictual interaction.
Cyclists coming from the east also have to bend if they want to go north. For
cyclists coming from the south and east, there is a traffic light in the west. Here,
too, cyclists can reduce their speed early because the light is in sight, so they do
not have to stop or wait long. In the end, it is not clear whether a response was
due to interaction, infrastructure, or a combination of both.
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4.2.3 Survey

Survey respondents were presented with an illustration and an animation depicting
a cyclist crossing an intersection. At the intersection’s end, a cyclist approached
from the right, and the respondents were tasked with determining whether they
would proceed or wait.

Figure 37: Orthophoto of the Research Intersection in Braunschweig, Germany. A:
Crossing scenario between two cyclists (blue and yellow); B: Screenshot
of an animation of the crossing scenario (viewed from the perspective
of the yellow cyclist in A)

As illustrated in Figure 37A, an aerial view of the intersection is shown. In
Figure 37B a screenshot from an animation is shown, showing the scene from
the point of view of the yellow cyclist (in Figure 37A).

Respondents were invited to state whether they were aware of which cyclist
had the right-of-way and therefore elected to wait or to proceed, whether they
were unaware but nevertheless elected to wait or to proceed, or whether they had
reached an agreement with the other cyclist.

It was revealed by over half of the respondents (54%) that they would yield to
the other cyclist and wait for them to pass, while 41% of respondents indicated
that they would assume the right-of-way. The remaining respondents expressed a
desire to attempt to reach an agreement with the other cyclist (Figure 38).

The question was initially examined during a DLR staff meeting. This non-
representative survey of 100 DLR colleagues yielded a comparable outcome: 46%
indicated that they would wait as a yellow cyclist (correct behaviour), 42% would
ride (illegal behaviour), and 12% did not know (see legal situation for crossing in
Section 2.1.3).
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Figure 38: Results for the question of how to act as the yellow cyclist and another
cyclist (blue) crosses the path

4.2.4 Intersection in the 30 km/h Zone

It is important to note that not every possible crossing relationship was observed
within the designated measurement period (18 to 28 September 2019). Figure 39
presents a visual representation of the detected riding directions, while Table 11
shows the observed combinations of riding interactions.

During the observation period, 57 encounters were detected at the intersection
in the 30 km/h zone. Of these, 35 had a PET due to the unambiguous crossing
situation. Table 11 details the route combinations that occurred during the 10-day
observation period.

Direction a denotes the initial direction of travel, specifically east or west, while
direction b indicates the starting direction of travel, which is north or south. The
most common case observed was a cyclist travelling from north to south (b1). This
cyclist should have given way to the second cyclist, who was either travelling from
west to north or from west to south. In both cases, the priority was not given in
43% and 53% of cases, respectively. The direction of travel of the cyclist who must
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yield the right-of-way is marked in colour in Table 11.

Figure 39: Riding relationships detected during the measurement period
(18 to 28 September 2019)

In most cases the PET is around ± 3 s and therefore not in the critical interaction
range. Only in the case of a3/b1 is the PET below 2 s, although the number of
cases observed is not meaningful.

Figure 40: Examples of interactions by cyclists for cases A: a3/b1, B: a1/b1, and
C: a2/b1. Arrows indicate the right-of-way. Yellow: Cyclist has right-
of-way, Red: Cyclist must give way
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4 Results 4.2 Crossing

In the majority of cases, the cyclist who must yield the right-of-way is typically
travelling at a higher velocity. This principle applies to instances where the right-
of-way has been formally granted as well as to situations where the priority has
been taken. Only in case a3/b1 does this not apply. This case also differs from
the others because there is no official road in the east but rather a desire path.
Nevertheless, the number of observed cases involving this particular direction of
travel is not significant.

Figure 40 shows example situations for different interactions. Figure 40A, the
cyclist coming from the east takes the right-of-way illegally (PET = -1.96 s). In
Figure 40B, the cyclist coming from the west has the right-of-way. The cyclist
coming from the north slows down and swerves to avoid having to stop. The PET
in this case was -1.4 s. In the example in Figure 40C, the cyclist coming from
the north continues in the middle of the lane to give way to the cyclist coming
from the west without having to stop (PET = 2.4 s). Overall, about 20% of the
interactions between cyclists crossing each other (n = 35) had a PET between
-2 and 2 s. No events were detected in the area of interest at the intersection in
the 30 km/h zone with a PET between -1 and 1 s.

4.2.5 Discussion

This study examines the interaction while crossing between cyclists at a signalised
intersection where the priority-to-the-right rule applies. The interactions were
evaluated in terms of safety by applying SMoS and calculating other kinematic
related parameters. For the purpose of this study, 171 hours of real trajectory
data were recorded and analysed with regard to interaction while crossing between
bicycles at an urban intersection. During the period of recording, 120 encounters
were identified, with 93 having a PET between -3 and 3 s as their trajectories
intersect in the AOI; these were used for detailed analysis. At the intersection in
the 30 km/h zone, 10 days were analysed, and 35 interactions of 57 encounters
were studied. Quante et al. (2023) demonstrated that cyclists at this measuring
location more frequently claimed the right-of-way over vehicles than vehicles to
each other.

Of the interactions at the Research Intersection, 56% (n = 93) had a PET
of -2 to 2 s, 2.2% of which were between -1 and 1 s. In 27 cases where cyclists
merged, the PET were mostly between -2 and 2 s (67%), with only 26% between
-1 and 1 s. At the intersection in the 30 km/h zone, 20% (n = 35) of PET were
between -2 and 2 s, with no events at -1 and 1 s. PET values were higher in
the 30 km/h zone than on the bicycle path at the Research Intersection; this may
be because there was more space to swerve on the road. However, speeds were
also higher here. Cyclists at the Research Intersection coming from the south
must make a turn unless they continue north on the footpath. This group had
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the highest speed, reflecting that they could continue unhindered, even if not
legally (give 4.22 ± 0.83 m/s or take 3.37 ± 0.99 m/s the right-of-way). At the
Intersection in the 30 km/h zone, speeds were higher, probably due to the design
of the intersection, which has more space. The highest speeds were reached by
cyclists, who must give way whether they have given way or not, with speeds of
up to 6.76 ± 2.11 m/s. In both cases, the other cyclist could be seen early on. At
the Research Intersection, however, there is also the added pressure of the traffic
light.

The observations revealed that 50% of cyclists disregard the priority-to-the-
right rule. A small-scale survey was conducted to ascertain whether the rule is
recognised and continues to be disregarded or whether it is entirely unfamiliar.
According to the survey results, 31% (n = 104) incorrectly thought they had the
right-of-way and would go first, while 26% knew the other cyclist had the right-
of-way and would wait. Thus, the data indicates that almost 60% of respondents
(n = 59) who believed themselves to be familiar with the rule erroneously assumed
that they would have the right-of-way. Among the remaining respondents who were
not acquainted with the rule, 28% would wait for the cyclist to pass from the right.
The survey findings indicate that cyclists often experience uncertainty regarding
the rules of crossing, particularly at this Research Intersection, leading to potential
safety concerns. Furthermore, the results indicated a degree of inattention while
cycling, which can also contribute to conflicts.

Trajectory analysis is a valuable tool for the analysis of interactions, yet its
capacity to depict particular forms of cooperative behaviour (e.g., eye contact,
stopping of pedalling) is limited. The application of video annotation can enhance
analysis to a certain extent, but this approach is more time-consuming. The
transferability of measurement locations to other environments is constrained due
to the intersection design and prevailing regulations, necessitating the examination
of numerous other locations. The method of video observation can also be applied
on a global scale to observe the behaviour of cyclists when crossing. However, it
is important to verify the results for other types of intersections and especially
different right-of-way rules. It should be noted that the results may vary for left-
hand traffic compared to right-hand traffic.

The survey’s modest sample size necessitates further investigation, particularly
with respect to individual intersection characteristics and the resulting behaviour.
The study’s predominantly male participant base is a salient point of consideration
as this introduces potential bias, but the results nevertheless provide a first
indication of the extent to which rules are understood and adhered to, which
is a contributing factor to riders failing to yield the right-of-way on bicycle paths.
Further studies should examine whether the understanding of the rules is unclear
on bicycle paths everywhere or only for a specific intersection design and whether
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there are intersections with the same design where the rules are better accepted.
The priority-to-the-right rule was respected in only 50% of the cases in both

measurement locations. This may be due to either a disregard for this rule or a lack
of clarity about its applicability among cyclists in this intersection area. Ignoring
or intentionally violating this rule can result in conflicts. The following measures
may be adopted to avoid conflict. First, children need to be taught the rules of
the road from an early age. Additionally, local campaigns can create more clarity
for commuters. However, neither will be able to prevent the rules from continuing
to be ignored. Signs could inform cyclists that they are crossing, but signs are
only educational and are often ignored. It would therefore be more effective to
adapt the infrastructure. Cyclists crossing the intersection during green traffic
lights could be given their own merging lane, similar to that on the motorway for
motorized vehicles (see Figure 41B for an example of such a lane in the Research
Intersection). However, this would require space, which is often not available, or
the infrastructure would have to be rebuilt at great expense.

Figure 41: Research Intersection. A: Initial situation; B: Merging lane; C:
Additional cycle traffic light and stop line on bicycle path; D: Flashing
light

Another option would be to install a traffic light for cyclists on the bicycle path.
The cycle traffic light could be installed at the same traffic light post as the crossing
light. When the crossing cyclist has a green light, the cyclist on the bicycle path
would have a red light and a stop line (Figure 41C). Traffic lights are generally
more accepted than signs, although it is not clear whether a cycle traffic light
would be accepted as it would require a brief interruption in the flow of traffic. If
no cyclist is crossing and the cycle traffic light is still red, the traffic light is likely
to be disregarded more often.

A yellow flashing light may be all that is needed to signal to cyclists on the
bicycle path that another cyclist is crossing (Figure 41D). The flashing light can
be linked to sensors so that it only flashes when a cyclist is actually crossing the
road. However, the cyclist on the bicycle path would need to pay attention and
not insist on the priority-to-the-right rule. Acceptance would be higher if there
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were a way of warning cyclists about crossing the road on the ford and not the
cyclists on the bicycle path.

Illuminations, such as Light Emitting Diode (LED) solutions could also be used
to indicate on the bicycle path that another cyclist may be crossing. One way
to achieve this could be to link the LED in the bicycle lane to the bicycle traffic
lights of the crossing cyclists. In this way, the LED would light up green when
the crossing cyclist has a red light. And the LED in the ground of the bicycle
path could flash yellow when the crossing cyclist has a green light and there is
a possibility that the crossing cyclist will interact with the cyclist on the bicycle
path. It will probably be even more effective if the LED only flashes when a cyclist
is actually approaching the crossing. A very high detection precision is required
to make the system reliable.

However, none of these solutions will help if cyclists are riding the wrong way.
Due to the different speeds on the bicycle path, it may also be useful to reduce
speeds for cyclists at intersections. Again, cyclists must obey the rules for a positive
effect.

4.2.6 Limitations

To proceed with the analysis, it is first necessary to verify the transferability of
the observed crossing behaviour. Depending on the intersection design, and in
accordance with the priority-to-the-right rule, the behaviour at other intersections
may or may not differ. However, the analysis is currently limited to an intersection
with a priority-to-the-right rule in Germany, and further investigation is required.

Further general limitations are presented in Section 6.

4.2.7 Conclusion

Two camera-based traffic observations were used to study 120 intersection
behaviours at the Research Intersection with a bicycle path, and 35 interactions
were studied at an intersection in the 30 km/h zone without a bicycle path.

The study demonstrated that cyclists violate the right-of-way in 50% of cases,
irrespective of whether they are on a designated bicycle path or on a road. A
survey conducted on the scenario of the bicycle path also revealed that less than
half of the respondents were aware of their right-of-way. It is hypothesised that
knowledge of the rules plays a significant role in cyclists’ behaviours. However, the
data from the 30 km/h zone demonstrated a similar percentage of rule violations,
which was unexpected, given the well-known priority-to-the-right rule in Germany
for 30 km/h zones.

At the Research Intersection, a PET range of -1 to 1 s was observed in only
2.2% of cases. At the Intersection in the 30 km/h zone, no PET were recorded
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in this range. Annotation of the data revealed that cyclists stopped pedalling or
swerved to defuse the situation and lead to a higher PET . While the possibility of
further cooperative behaviour through eye contact cannot be discounted, this was
not observed due to the low resolution of the camera. In conclusion, interactions
between cyclists at intersections may lead to accidents, but these were not observed
at the measurement locations. It was found that the right-of-way is not always
respected and that conflicts are avoided by swerving or slowing down. Smaller
PET are tolerated at the Research Intersection, but speeds are also lower than in
the 30 km/h zone, where people tend to swerve generously.

In the context of this work, further cases will be recorded for another research
project to identify additional critical and rare scenarios and behavioural patterns.
For example, the extent to which crossing behaviour differs between individual and
group interactions will be investigated. In addition, cyclists will be interviewed on
site to elucidate the results. Furthermore, additional studies should examine the
impact of traffic lights on determining the priority-to-the-right rule. Depending
on the traffic light phase, the rule may be disregarded. Improved education and
visibility of the crossing area could help alleviate crossing conflicts.

These findings can aid in improving infrastructure and enhancing the realism
of simulations. At signalised intersections, an additional traffic light could be
installed on the bicycle path to separate the two traffic flows of cyclists. Another
option could be a flashing warning light to indicate crossing traffic.

4.3 Other Scenarios

As overtaking plays an important role in accidents between cyclists, in addition to
crossing and oncoming accidents, the overtaking scenario was also considered. The
AOI at the Research Intersection is very close to the intersection, which means that
there is an influence from the traffic lights, as well as the bend itself, which has
to be taken to go north or illegally south, but also a small bend to continue west.
As a result, it is not possible to enter the bend at high speed, as the intersection
can cause unclear and complex situations. The following section discusses in more
detail the interactions observed between cyclists travelling in the same direction.

4.3.1 Same direction of travel

In the context of the overtaking scenario, the initial analysis encompassed a period
of 256 hours.

Within this data set, 12 overtaking manoeuvres were identified. To provide a
point of reference, over 300 convoy (cycling in a row) trips were identified during
the same period. In the context of riding in a convoy, a single case with a distance
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of 3 m was detected. The average distance observed was 8 m. It is noteworthy
that only unaffected encounters were recorded in this setting. Unaffected encounter
means that no reaction to the other cyclist was observed. Interaction means that
the cyclists approach each other or adjust their behaviour because they influence
each other. This behaviour was not observed during cycling in convoy.

Figure 42: Interactions in the same direction of travel at the Research Intersection.
Overtaking from the left (A) or right (B), riding side-by-side (C), or
riding in a convoy (D)

The analysis identified three distinct categories at the Research Intersection.
The first category (Figure 42A and 42B) involved overtaking from the left or
right. The second category (Figure 42C) involved riding side-by-side without
overtaking. The third category (Figure 42D) involved riding one behind the other.

Research Intersection
The examination of overtaking behaviour in the area of the Research Intersection
was not possible. 12 interactions is insufficient to identify clusters or patterns. The
reason for the low number of interactions may be the proximity of the intersection,
which could result in cyclists slowing down or stopping at red lights, thereby
hindering overtaking behaviour.

For the 12 cases, an average lateral distance of dmean = 1.7 ± 0.3 m was
calculated. The average minimum lateral distance is dmean,min = 1.4 m. In 75%
of cases, cyclists overtake legally from the left, with the cyclist being overtaken
usually moving into the footpath.

Street without Bicycle Path
Piep (2023) examined the overtaking behaviour of cyclists in detail utilising a
mobile measuring system from the DLR. This study was conducted in Berlin in
2021 as part of the MMoNK project, which examined the similarities and differ-
ences between e-scooters and bicycles (MMoNK, 2023). The initial measurement

84



4 Results 4.3 Other Scenarios

location, Adalbertstraße in 10999 Berlin-Kreuzberg, Germany, was selected due
to the high volume of bicycle traffic on a road without a bicycle path. Piep
(2023) employed the DLR software TASI (Klitzke and Schicktanz, 2024) to analyse
overtaking manoeuvres and annotate video material. During the observation
period (8 hours), 104 overtaking manoeuvres between cyclists and other cyclists,
e-scooters, or skateboarders were analysed, of which 30 were found to occur at
a lateral distance of less than 1.25 m. In 11 cases, high potential criticality was
identified. The video annotation revealed an unsafe riding style on the part of the
cyclists being overtaken, as evidenced by weaving or swaying during the overtaking
manoeuvre. The overtaking manoeuvre was deemed critical in 11 cases due to the
presence of a stationary vehicle in the cyclist’s path.

Figure 43: Overtaking manoeuvre between two cyclists with obstacle (parking car)
(modified Piep, 2023)

4.3.2 Discussion

There are clear rules on overtaking in the StVO (Section 2.1.2). Riders can only
overtake on the left, and it is forbidden to overtake from the right or on the
footpath. If the bicycle path is too narrow, riders are not allowed to overtake.
Wider bicycle paths are needed to make overtaking safer. For example, a standard
cycle handlebar is 70 cm wide, and the recommended minimum width for bicycle
paths in Germany is 1.60 m; this means there is an overtaking distance of 20 cm.
As cyclists sway a little and inexperienced cyclists sway more, this width is not
sufficient to overtake safely. The bicycle path should be at least 2 m wide so that
there is more than half a metre of safety clearance.

It was not possible to examine overtaking behaviour between cyclists at the
Research Intersection, and thus the sample size was insufficient for further analysis.
The proximity to the intersection could be the reason for this as cyclists travelling
north or illegally travelling south encounter a curve. Furthermore, cyclists can
see the traffic lights and decide whether overtaking is worthwhile. It is possible
that cyclists prefer to overtake on a straight, clear stretch of path. Piep (2023)
also examined overtaking behaviour but in an area without a bicycle path. Over a
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shorter period (8 hours), more interactions between cyclists were found than on the
bicycle path at the Research Intersection. This could be due to the straight and
visible street as well as the wider path for overtaking. At the Research Intersection,
cyclists were observed to be constrained to riding next to each other with a
lateral distance of approximately 20 cm or to swerve onto the footpath, which
is a limitation of the path design. The lane on the road is very wide, although
it is not clear whether the overtaking cyclists were aware that a car could have
overtaken them from behind. Additionally, there is the problem of obstacles that
both cyclists have to pass, which could also lead to dangerous situations.

It is conceivable that additional overtaking manoeuvres occurred during this
period given the inherent limitations of the Research Intersection’s detection
system in discerning objects in close proximity. This potential for undetected
interactions could have led to deficiencies in automated detection of the scenario.
The quality of the data during overtaking further complicates analysis of the 12
interactions as the gaps in the trajectories resulting from directional changes during
overtaking cannot be interpolated. To analyse the overtaking scenario in greater
detail, attention must be paid to the alignment of the cameras. These problems
also occurred in the study by Piep (2023), where trajectories that are close together
merge and can no longer be separated. One potential solution to this issue could
be retraining the data and reclassifying and tracking the trajectories.

There is no way to prevent illegal and dangerous overtaking. It is possible to
install a high kerb between the footpath and bicycle path, but an inattentive
cyclist could fall, a pedestrian could trip, and a potential crossing would no
longer be barrier-free; this therefore poses a risk to both cyclists and pedestrians.
Early childhood education can help to raise awareness among cyclists. In the
Netherlands, double lane bicycle paths are often used, which also allow space for
oncoming cyclists and therefore more room for overtaking. Still, there is a risk
of conflict with oncoming traffic. In addition, a two-lane bicycle path requires
substantial space, which is often not available.

4.3.3 Conclusion

Overtaking at intersections was detected over a period of 256 hours. In the process,
12 overtaking manoeuvres were identified.

Due to the small number of interactions, the study of Piep (2023) of overtaking
behaviour without a bicycle path was also examined. The results from Piep (2023)
showed that, within a mere eight hours, a total of 104 overtaking manoeuvres were
executed, with some exhibiting a notably close proximity in terms of overtaking
distance. However, the 12 overtaking manoeuvres observed at the Research
Intersection were inadequate for deriving definitive conclusions.
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4.4 Survey

A survey was conducted to support and explain the interaction behaviour observed
in the real data. On the one hand, this was to clarify whether the rules were known
for the crossing scenario and whether the WWC acted consciously or unconsciously.
A total of 124 questionnaires were received, although not all were completed in
full. Following a thorough examination, 104 questionnaires were deemed to be
complete and were thus utilised in the analysis.

4.4.1 General

The majority of respondents (87%) were between the ages of 30 and 59.
Furthermore, over 80% of respondents were male. As illustrated in Figure 44, the
distribution varies across age groups, with distinct differences observed according
to gender.

4.4.2 Distraction and Helmet Use

In addition to the specific questions about the observed scenarios, the questionnaire
asked how distracted they were while cycling.

Figure 44: Age distribution in groups by gender of respondents. Two responses
are not displayed as no gender was indicated (one response was for a
person aged 40–49, while the other was for an unidentified age)
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Rules may have been consciously disregarded, or not known, but may simply
have been overlooked due to distraction. In addition to conscious misconduct,
distraction can also lead to misconduct or conflicts. The statement ‘I don’t think
about anything’ shows that no one chose ‘always’, and only 11% chose ‘often’.
Respondents indicated that they think about something else while cycling, with a
total of 91.1% of respondents stating that they are always or often very focused on
traffic. However, 55.5% of respondents stated that they also think about various
things while cycling.

Approximately 37% of respondents acknowledged occasional distractions, while
only around 12% reported consistent or frequent use of music during cycling.
Furthermore, less than half of respondents always wear a helmet while cycling.
The distribution of responses to each statement is illustrated in Figure 45.

Figure 45: Survey results on attention and using a helmet when cycling

4.4.3 Discussion and Limitations

The survey was conducted between 23 October and 31 December 2024 and
distributed via various mailing lists but primarily to individuals with a keen
interest in bicycles. This could be a contributing factor to the significantly higher
helmet usage observed, which was recorded at 47% compared to the observed rate
at the Research Intersection of 23%.

The survey results also indicate that cyclists tend to be focused on traffic, but
they also engage in other activities and are occasionally distracted. This tendency
can potentially result in inattention and errors, both on well-known bicycle routes
and particularly at new intersections, which may lead to conflicts.
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The survey was meticulously designed to address oncoming traffic, with a single
question on crossing. It should be pointed out, that crossing was not the study’s
focus. Further surveys are required to elucidate additional queries concerning
bicycle-bicycle interactions. The survey’s scope could be expanded to address
crucial questions regarding cyclists’ overtaking behaviours, such as whether they
consciously choose to overtake on the footpath when the bicycle path is too narrow
or whether they deliberately cross onto the footpath to avoid swerving on the
bicycle path. To obtain a sufficiently large sample, future surveys should be
administered more widely across Germany. The survey in this study served as
a preliminary explanation of the observed cycling behaviour in real data.

Further general limitations are presented in Section 6.

4.4.4 Conclusion

The survey yielded a total of 104 usable questionnaires and was primarily designed
to provide an overview of whether cyclists are aware of their actions when oncoming
traffic is present or they act without thinking, as well as what they think they are
doing.

When oncoming traffic is present, only 30% of cyclists stay on the bicycle path,
and 59% use the footpath. This finding aligns closely with observations from
actual traffic conditions, where approximately 65% of WWC also tend to use the
footpath. Furthermore, the survey revealed that 75% of WWC acknowledged the
importance of reducing their speed in the presence of oncoming cyclists, while an
overwhelming 84% indicated a willingness to increase their distance. Additionally,
54% of survey respondents reported being aware of the necessity of waiting when
crossing. This finding is consistent with the observation that right-of-way was
observed in 50% of cases.
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5 Modelling

In the field of modelling, the utilisation of diverse parameter distributions is
contingent upon the specific scenario under consideration. This approach has been
demonstrated to enhance the realism of simulations. The parameters deemed to be
of fundamental significance within the context of this dissertation are delineated
in Table 9 for the oncoming scenario and Table 10 for the scenario with crossing
cyclists.

5.1 Modelling for Example Scenario Crossing

A simulation in SUMO was adapted for the crossing scenario. A simple crossing
scenario was constructed, as described in Section 3.3.2 with the parameter from
Section 4.2.2. The simulation was executed 10 times, with each iteration involving
10 runs. The resulting data set documents which road user was riding first and
which pPET result was achieved. The following parameters were utilised:

• step− length = 0.1 s

• begin = 0.00 and departSpeed = max

• minGap = 0.20 m

• decel = 3 m/s2 and emergencyDecel = 7 m/s2

• tau = 0.6 s

• ego: maxSpeed = 5.54 m/s and speedFactor = normc(0.43, 0.22, 0.16, 1.00)

• foe: maxSpeed = 4.40 m/s and speedFactor = normc(0.41, 0.16, 0.11, 0.76)

• foe: jmIgnoreJunctionFoeProb = 0.5

• foe: jmIgnoreFoeSpeed = 10 m/s

• random seed values: 27, 103, 221, 399, 469, 501, 656, 800, 1111, 1523
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The speed is specified in x and y components in SUMO and was used as the
average total speed if necessary. Notwithstanding the time step of 0.1, the pPET
jumps per time step were sometimes substantial, thus precluding calculation of a
mean value. The selection of an interaction time point was made on the basis of
the SUMO GUI display.

A total of 10 runs were initiated, with 10 seeds selected at random for
retrospective evaluation. Of the 100 interactions, only 38 exhibited a pPET within
the range of -3 to 3 s, while eight interactions fell outside this range. In 11
instances, negative results were obtained, indicating the occurrence of accidents.
For the remaining interactions, no pPET could be calculated, primarily due to
participants’ insufficient distance from one another. In the context of SUMO, it is
not feasible to ascertain who was riding first from the mathematical sign. The sign
was determined using simulation and the parameter SGAPSpan. This parameter
was only determined for the ego or foe vehicle at the moment of the interaction.
Right-of-way could be confirmed in the SUMO GUI. To ensure comparability,
negative values are displayed in Figure 46 where the cyclist from the east was
designated as the primary rider. This approach enables the figure to be compared
with Figure 35D of the measurement data.

Figure 46: pPET values from the SUMO simulation. Values in which the cyclist
from the east is first are shown as negative, whereas values in which the
cyclist from the south is first are shown as positive.

All available data from the runs were utilised with the exception of run 6, which
did not contain any valid interactions for the present analysis.
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In 59% of the cases, the cyclist travelling from the east was the first to arrive,
and for valid pPET between -3 and 3 s, this figure was 66%. A comparison of
Figure 46 with Figure 35D reveals that there were fewer instances of the cyclist
from the south being the first to arrive, with a closer pPET to zero and a lower
frequency. In all but one instance, the cyclist from the south was found to be the
faster of the two.

5.1.1 Discussion

The current options in SUMO enable the modelling of intersection behaviour
between cyclists if they are coming from different directions and continue on the
same path. By adjusting the parameters, cyclists can ignore priority-to-the-right
rules and perform risky manoeuvres, which may result in emergency braking – an
occurrence that is less likely in real life. The distribution of speeds, as observed,
offers a favourable opportunity for chance encounters; however, the number of
those disregarding the right-of-way was observed to be higher in reality than in
the simulation. Further runs would be required to achieve closer to 50% in this
regard. In the simulation, behaviour when cyclists from the south go first appears
to be riskier, as evidenced by a greater proportion of pPET close to 0 than was
observed in the real data. This discrepancy could be attributed to the assignment
of aggressive riding behaviour to the cyclist from the south to ensure the right-of-
way.

5.1.2 Conclusion

The simulation parameters can be readily adapted to align with the observed
values in SUMO. Furthermore, there is an option to map illegal driving behaviour.
However, it is important to note that emergency braking constitutes a relatively
minor proportion of real-life situations and, as such, may require adjustment or
even be disregarded in the context of the simulation.

The adaptation of the simulation to real data facilitates the identification of
conflict points at intersections during the planning phase, thereby enabling their
prevention at an early stage. It is important to note, however, that existing
intersections could also be analysed and adapted in a similar manner.
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This study is subject to certain limitations that may affect the ability to make
comparisons regarding cycling behaviour at other measurement locations. Previous
studies in this field have also been limited in that behaviours were only observed
for a few days and therefore only few cases of interactions between cyclists could
be detected; thus, precise description or modelling is not possible.

In addition, studies took place in good weather conditions and did not reflect
the entire course of the day or week.

The bicycle path situated at the Research Intersection was in a satisfactory
state of repair. There were no potholes, roots, or weeds that could interfere with
cyclists. However, this may need to be considered when transferring the findings
to other bicycle paths. Obstacles can influence riding behaviour and thus cause
different behaviour. Figure 47 shows the various infrastructure deficiencies in other
locations (Berlin and Oldenburg, Germany). As these influences have no bearing
on the Research Intersection, it would not be feasible to apply them directly to a
bicycle path in Berlin.

Figure 47: Roots (A), snow (B), puddles (C) on the bicycle path and a two-way
bicycle path suddenly narrows (D)

The general limitations listed below may occur alone or in combination.
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6.1 Location

The proximity of the intersections (Research Intersection and intersection in the
30 km/h zone) to university facilities may result in the presence of commuter traffic,
particularly from students, who tend to be younger compared to the average age
in the wider population. It is possible that the age of cyclists affects their cycling
behaviour. However, by using different data from different time periods, this effect
can be considered weaker.

The observed and analysed behavioural patterns were not tested on identical
infrastructure. It is necessary in the future to ascertain whether the observed
patterns can be applied to other intersections of the same design. Analyses of
intersections with differing infrastructure revealed similarities, suggesting that the
observed patterns may be applicable to other intersections within Germany with
comparable traffic volumes. However, it is not yet possible to make any statements
regarding the transferability of the results to other countries. Given the differences
in infrastructure, traffic volume, and riding behaviour between countries, it can be
assumed that the patterns observed in this dissertation may not be representative
of those found in other countries.

6.2 Intersection Design

The Research Intersection is monitored by permanently installed cameras, which
have a fixed field of view. Some cyclists can discern traffic lights with greater
ease than others. This may be due to prior experience of commuter traffic, which
prompts an early adaptation of behaviour and an adjustment of speed as needed. It
is possible that cyclists already completed overtaking manoeuvres prior to reaching
the AOI. When crossing, the route is clearly visible at an early stage, allowing
sufficient time for consideration and enabling an early reaction to the interaction.
However, when approaching from the opposite direction, there is a small bend
before reaching the crossing area. Consequently, WWC only become aware of
oncoming cyclists at a later stage, potentially leading to more critical situations
where agile reactions are required.

6.3 Condition of Infrastructure

The condition of the infrastructure is also a significant factor in determining ob-
served behaviour patterns. At the Research Intersection, the cycling infrastructure
was deemed to be satisfactory. The potential impact of holes and the resulting
formation of puddles when it rains, as well as the presence of grass or bushes
that narrow the bicycle path, can be discounted. Furthermore, the infrastructure
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was not affected by roots. As with other cycling infrastructures, leaves and snow
clearance were not carried out on a regular basis; the measurement days in this
dissertation were not affected by these influences. Nevertheless, it can be assumed
that both static (e.g., holes) and temporary (e.g., dirt) obstacles will have an
influence on cycling patterns. Cyclists attempt to avoid obstacles and do not
solely concentrate on other road users.

6.4 Weather

The measurement days in this dissertation were in both the cold and warm seasons.
However, it is to be expected that cyclists behave differently in heavy rain, snow,
frost or prolonged heat than under sunny and dry weather conditions. This study
is unable to consider all weather conditions. However, past studies suggest stronger
aggressive behaviour in warm weather, whereas in persistently cold weather the
number of cyclists decreases, resulting in fewer interactions. In conditions of strong
winds or gusts, there is evidence to suggest that behaviour may change. The
question of whether interactions decrease because there are also fewer cyclists on
the road, or whether they become more critical because cyclists react more easily
to gusts and may move more to the side, remains unresolved.

Figure 48: Snow at the Research Intersection on 26 January 2019. A: Cyclist is
crossing from south to north using the snowy footpath; B: Cyclist is
using the snowy covered bicycle path from east to west.

Figure 48 shows the Research Intersection under snow-covered conditions. The
tracks in the snow show that both the footpath and the bicycle path are used
(Figure 48A). Figure 48B shows a cyclist riding very centrally on foot- and bicycle
path, possibly because the bicycle path is not visible. Possible interactions on
snow-covered bicycle paths should be investigated in future research.

Kenrick and MacFarlane (1986) studied the reactions of drivers in Arizona,
United States of America, on Saturdays between April and August. They placed a
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car in front of a traffic light that was on green. Hidden observers recorded whether
honking occurred and, if so, the duration and the latency until the first honk.
Kenrick and MacFarlane (1986) found a linear relationship between temperature
and honking. This was particularly strong for drivers with their windows open, who
presumably did not have air conditioning. Another study from Wu et al. (2018)
in America showed an increase in fatal accidents during heat waves. Further data
collected over several years should clarify whether there is also a link between
critical behaviour (riding close together, breaking the rules) and temperatures in
cycling traffic. This could result in more shade from new trees or similar.

6.5 Time of Day

The data set employed in this dissertation encompasses a temporal span from
the morning commute to the evening. Data analyses conducted at night were
performed on a random basis, but the limited number of road users resulted in
a lack of encounters. The influence of time of day should be analysed in more
detail. In larger urban centres or at intersections in close proximity to events, it is
possible that interactions may still be anticipated at night. It is also plausible that
the patterns may deviate from those presented here due to an increased number
of road users under the influence of alcohol.

In a study by Yastremska-Kravchenko et al. (2024), a distinction was made
between daylight and electric light at night. The results showed that in daylight,
90% of cyclists maintained a safe lateral distance of 1.50 m already 20 m before the
point of interaction. With electric light, only 75% maintained a safe lateral distance
of 1.50 m before the point of interaction. However, the lateral interaction distance
in daylight and electric light differed by a maximum of 20 cm, which the authors
consider negligible, as a minimum distance of 1.43 m was maintained. In general
a lateral distance of 1.50 m was maintained in 95% of all cases. (Yastremska-
Kravchenko et al., 2024) The influence on behaviour in daylight and electric light
at night should also be investigated for narrower bicycle paths.

6.6 Traffic Lights

The traffic light circuit exerts an influence on riding behaviour. The speed at which
a cyclist travels may vary depending on whether the cyclist stops at traffic lights or
not. Furthermore, a red traffic light at the intersection can result in less pedalling,
which may facilitate overtaking manoeuvres if a cyclist has to stop immediately at
a red light and the overtaking cyclist continues on the bicycle path without traffic
light.
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6.7 Video Data

At the Research Intersection, the video cameras at the AOI are designed with
pedestrians and cyclists in mind; however, vehicles are detected and tracked more
reliably in the inner area, where several video images overlap. The TraffiTower 2.0,
which incorporates two overlapping video perspectives, is a superior system to
individual cameras at the crossings, but lateral information is often missing. If
interactions between cyclists are to be investigated, it is imperative to ensure that
the camera perspective is selected appropriately for the respective desired scenario.
However, it is possible that not all road users, and therefore not all interactions,
are captured by the system, and therefore the data set is not complete. With
a sufficiently large sample of interactions, it can be assumed that all patterns of
cycling behaviour can be mapped. The Research Intersection has been in operation
since 2014, and there are inconspicuously signs indicating that the intersection
uses video to record traffic. The video equipment is very high up. From personal
experience, the TraffiTower 2.0 is often misunderstood as a speed camera, due to
its resemblance to one. It can be assumed that cyclists will behave naturally, as
there is no evidence that their cycling behaviour is influenced by the cameras.

6.8 Cycle and Cyclist Type

It is important to note that not all cyclists or bicycles are identical. Electric
bicycles (e-bikes) have the capacity to accelerate more rapidly, while cargo bikes
are wider than standard bicycles without electric assistance. This study does
not differentiate between bicycle type or rider characteristics. However, it can be
hypothesised that commuters who travel the route frequently and racing cyclists
utilise the route differently than people unfamiliar with the area, children, or older
people. Further analyses should be conducted to ascertain how the population
uses routes and how these groups differ.

Observations at the Research Intersection also showed traffic from e-scooters
and cargo bikes (Figure 49). These were not included in the analysis and should
be given more attention in future studies as e-scooters are very narrow and
manoeuvrable and cargo bikes are significantly wider than normal bicycles and
have a larger turning radius. The interaction behaviour on the bicycle path may
therefore be different from that between bicycle-bicycle.
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Figure 49: Other types of road users using the bicycle path observed outside of the
observation period used in this study. A: E-scooter and B: Cargo bike

6.9 Other Limitations

The list of limitations is not exhaustive, but should highlight many important
aspects of cycling. Another factor that can affect interactions is deer crossing.
Sudden movements can cause unplanned and unpredictable evasive manoeuvres by
cyclists. The same applies to dogs, cats or small children approaching or crossing
the bicycle path. Litter, stones or branches lying around are also avoided to prevent
damage to the bicycle and can lead to other interactions.
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This study focuses on the interaction behaviour of cyclists at and in intersections.
Video data were recorded and analysed over a period of 256 hours in February 2022,
October 2022 and May 2023 for oncoming and overtaking scenarios at the Research
Intersection, 171 hours for the crossing scenario, and 240 hours for crossing scenario
at an intersection in the 30 km/h zone in September 2019. (see Section 4)

The objective of this study was to ascertain how cyclists interact with one
another while travelling in the same or different directions at an intersection.

The following scenarios were observed among cyclists cycling in the same
direction: cyclists riding one behind the other, next to each other, or overtaking
each other. During the observation period, over 300 cases of uncritical convoy
encounters were detected, as well as 12 cases in which cyclists overtook each
other. Due to the limited amount of interactions, further analysis was not possible.
Furthermore, a bachelor thesis was supervised which involved the examination of
a road devoid of a bicycle path for overtaking manoeuvres. Within a recorded
span of eight hours, 104 overtaking manoeuvres were identified. However, due
to limitations in the quality of the data (e.g, detection of all trajectories in full
length), further examination for different phases (e.g., when and at what lateral
distance was overtaken) and patterns was not possible. Video annotation revealed
indications of critical manoeuvres, such as overtaking obstacles in close proximity
or sideways wobbling.

Furthermore, this study examined the behaviour of cyclists when riding in the
opposite direction, referred to as ‘oncoming’. It should be noted that there is
a shared bicycle- and footpath at the Research Intersection, and riding on the
bicycle path in the opposite direction is prohibited. A total of 169 interactions were
identified on the bicycle path, which differed depending on whether the bicycle- or
footpath was used. Cycling on the footpath is critical when pedestrians are present.
At the same time, the use of the bicycle path is also critical because, at a bicycle
path width of 1.60 m, there is only 20 cm of space between cyclists’ handlebars
during oncoming scenario. In the majority of cases, the WWC was observed
riding on the footpath, while the NC was riding on the bicycle path. The most
critical scenario, in which both cyclists were on the bicycle path, was recorded in
20 cases. Additionally, 65% of WWC used the footpath. In the survey, 59% of the
respondents stated that they use the footpath as a WWC . As outlined in Section 4,
the parameters presented can be utilised to adapt a simulation for the oncoming
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scenario. The efficacy of this implementation, as well as its correspondence to
reality, remains to be ascertained. Furthermore, the transferability of observation
data to other intersections is yet to be determined.

In the context of further interactions on the bicycle path at an intersection,
the act of crossing was examined using 120 interactions during the observation
period at the Research Intersection. For comparison, crossing behaviour was
also examined at an intersection in the 30 km/h zone without a bicycle path (35
interactions). At both intersections, the right-of-way was taken or given in 50%
of cases. The PET was lower at the Research Intersection, possibly due to the
smaller space. A survey revealed that only 54% percentage of cyclists were aware
of the priority-to-the-right rule on the bicycle path, suggesting that some may not
be aware of the regulations or may not adhere to them out of ignorance. Further
research with a larger sample size would be necessary to ascertain the reasons for
cyclists’ behaviour. Given that the rule was observed in only 50% of cases in the
30 km/h zone, despite the increased clarity of its definition in comparison to that
observed on the bicycle path in Germany, it can be hypothesised that cyclists are
aware of their obligation to yield the right-of-way.

A SUMO simulation was conducted utilising the parameter distributions,
wherein cyclists were categorised as narrow vehicles and the observed parameter
distributions were employed. Subsequently, the safety metric pPET derived from
the observation was compared with the simulation result. In a total of 100 trips,
38 encounters were evaluated. The distribution of the pPET is analogous to the
observed data, although in the simulation southbound cyclists more frequently
yielded the right-of-way with shorter interactions than was actually observed.

The present study addresses a research question by analysing video data to
determine the trajectories of cyclists, with a focus on the situations in which
cyclists encountered and interacted with each other.

Accident data (from police or hospital) usually only include serious accidents
that have been reported. These data are incomplete due to the number of
unreported accidents. Surveys are often highly self-selective and unrepresentative.
Field studies differ from the real environment due to the setup and possible use
of simulators or test tracks. The Research Intersection measures traffic 24 hours
a day, 7 days a week and is not limited to good weather.

The aim of this work was to understand how cyclists interact on bicycle paths
and whether critical situations can arise. Data from the Research Intersection was
crucial to the study. Four types of interaction can be defined on the bicycle path
in general: riding in a line, overtaking, oncoming, and crossing. All four types of
interaction have also been classified for the whole of Germany in the Unfallatlas
(see Section 2.3.2), which breaks down bicycle accidents in the years 2016–2023
according to type: riding in a line (10.17%–12.04%), overtaking (17.56%–21.31%),
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crossing (32.16%–38.01%), and oncoming (30.7%–36.4%).
Observation data from the Research Intersection and an intersection in the

30 km/h zone, video annotation and a survey were used to answer the following
research question:

How do cyclists interact close to an intersection, and what dangers
can arise?

Cyclists can encounter and interact with each other on bicycle paths in a number of
ways, including when they are moving in the same direction, in opposite directions,
or crossing each other. Using the bicycle path in the same direction of travel can
lead to riding next to each other, riding behind each other, and overtaking. Riding
next to each other is a behaviour that is subject to control, but it can also lead to
conflicts, especially when riders are under the influence of alcohol. While side-by-
side riding was detected in a small number of cases, it was not further analysed
in this study. Convoys were detected in over 300 cases, with the smallest detected
distance being 3 m and considered uncritical. In the selected AOI at the Research
Intersection, riding in convoys did not lead to any critical interactions. Riding in a
line directly at traffic lights, where people are braking or starting to pedal, can lead
to interactions. This was not considered in this study. Overtaking manoeuvres
were likewise not studied. The 12 cases of overtaking recorded are too few to draw
conclusions, and the trajectories are not easy to use because they are incomplete
and cannot be interpolated due to the change in direction when overtaking. The
bicycle path is 1.60 m wide, leaving only 20 cm for overtaking, which can lead to
critical situations if the cyclist swerves or pedestrians are disturbed. According
to the Unfallatlas, the fewest accidents occur during following and overtaking
manoeuvres. However, due to the number of unreported accidents, more data
should be collected in the future to better understand interactions and possible
accidents.

According to the Unfallatlas (see Section 2.3.2), the majority of accidents occur
during oncoming or crossing, with significantly more interactions reported in both
cases than when overtaking. Critical situations with oncoming traffic occur most
often when both cyclists are travelling on the bicycle path, which is narrow
and leaves little room for manoeuvring. Nevertheless, even when there were no
pedestrians on the footpath, some WWC remained on the bicycle path, and NC
also didn’t swerve onto the footpath. While no accidents were recorded in the
observation data, the minimum distance recorded was dmin = 0.68m, representing
the distance between the centres of the objects. Excluding handlebars width and
considering measurement inaccuracies, these situations accounted for 11.83% of all
interactions.
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It is important to note that hazardous scenarios may also occur during the process
of crossing, primarily because only approximately 50% of cyclists are aware of the
priority-to-the-right rule. Furthermore, these rules were observed in only 50% of
the interactions that were analysed. Crossing directly on the footpath enables
both cyclists to travel at higher speeds, which can result in dangerous situations.
The data set revealed nine cases in which the criticality metrics PET and pPET
were within -1 and 1 s.

In relation to the Research Intersection, different interactions on the bicycle path
were analysed (oncoming, crossing, overtaking, convoy) and at an intersection in
the 30 km/h zone (crossing). The study analyses different time periods in order to
get a good overview of the interaction behaviour between cyclists. It was found that
in the oncoming scenario, critical interactions occur when both cyclists cycle on
the narrow bicycle path. In the crossing scenario, close interactions occur when the
right-of-way is not respected (at both locations). The calculated parameters were
transferred to the SUMO simulation as an example and show that the interaction
behaviour for crossing can already be mapped relatively well.

All in all, there are interactions at intersections that can lead to dangerous
situations with no accidents occurring during this study. The analyses revealed
that critical interactions were identified that were capable of leading to an accident
if the cyclist was inattentive.

This study highlights the serious potential for cyclist conflicts at intersections
and the need to develop mitigating measures like education or adaptation of the
infrastructure.

7.1 Future Research

Cycling has become an increasingly prominent mode of transportation, with
urban areas undergoing adaptations to accommodate this growing trend. New
infrastructure and enhanced connectivity between cities and rural areas have been
implemented to facilitate this shift.

It is imperative that future research continues to examine the behaviour of
cyclists, with traffic observation providing invaluable insights into areas where
traffic management is proving challenging. WWC have been observed to take
shortcuts or utilise safer routes, suggesting the need for a re-evaluation of
cycling infrastructure. This is particularly important in areas where WWC are
prevalent as this may indicate the need for improvements to protect both NC
and pedestrians, as well as WWC themselves. Conflicts when crossing can
indicate unclear traffic routing that obfuscates who has the right-of-way, and these
investigations can be carried out with random sample investigations. Since many
bicycle accidents are not reported to the police, accident statistics do not reflect
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the extent of the problem, but they can give an indication of places where critical
situations occur more frequently, and this can also be checked in follow-up work.

In the future, greater attention should be directed towards awareness of road
traffic. Further video annotations or traffic observations may provide insights into
effective strategies for managing intersections. Questions that require answers
include the direction in which the cyclist looks when turning and whether they
extend their arm (e.g., when changing direction). It remains unclear whether the
regulations are being violated intentionally or unintentionally. It is imperative
to enhance the clarity of these rules, both during childhood and through the
utilisation of signs, traffic lights, and road markings, to ensure that pedestrians
can navigate their environs safely and interact responsibly with cyclists.

Furthermore, greater focus is required on the incorporation of bicycle traffic
simulation into traffic modelling, encompassing both motorised traffic and the
behaviour of cyclists at intersections and on designated bicycle paths. This is
imperative due to the varied speeds and types of bicycles and can ensure the
efficient and safe utilisation of bicycle paths by all users without conflict. The
successful implementation of these models can assist urban planning authorities
in making optimal decisions. Furthermore, the information can be utilised for the
purpose of scenario-based testing of automated driving functions (e.g., information
about violation of regulations).
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Appendix

A.1 Supplementary Reasons for Wrong Way
Cycling

• Avoid changing lanes

• Avoiding a traffic light phase (2 mentions)

• Only for distances less than 50 m or very short routes (4 mentions)

• There is no bicycle path in the opposite direction. (3 mentions)

• It is often the shorter route.

• Because my girlfriend wants to cycle there.

• By mistake

• Saving of distance (crossing of the main road) (3 mentions)

• There is no alternative route for the construction site. (2 mentions)

• Complicated cycle route (3 mentions)

• Avoid bad / impassable places on regular routes.

• Only when the bicycle path is blocked.

• Because it’s safer (3 mentions)

• Missing crossing option

The free text box allowed more than one answer to be given, which means that
some comments were also combined.
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https://www.aachener-zeitung.de/lokales/region-aachen/wuerselen/aachener-55-nach-zusammenstoss-zweier-pedelecs-im-krankenhaus-gestorben/14609664.html
https://www.schwaebische.de/regional/bodensee/tettnang/radfahrer-wird-leicht-verletzt-261019


A.5 Survey

Datenschutzrechtliche Einwilligungserklärung und Informationen über die
Verarbeitung personenbezogener Daten im Rahmen der Dissertation „Modeling

cyclists‘ behaviour and interactions at urban intersections“ von Claudia
Leschik

I. Datenschutzrechtliche Einwilligungserklärung

Das Deutsche Zentrum für Luft- und Raumfahrt e.V. (DLR) nimmt den Schutz Ihrer personenbezogenen Daten sehr
ernst. Die geplante Verarbeitung Ihrer Daten zum Zweck einer Teilnahme an einer Befragung setzt Ihre zuvor erteilte
Einwilligung als rechtliche Grundlage voraus. Bei der Erhebung von Forschungsdaten im Rahmen einer Dissertation
am Institut für Verkehrssystemtechnik des Deutschen Zentrums für Luft- und Raumfahrt, werden Informationen zum
Geschlecht und der Altersgruppe erhoben.

Ich willige ein, dass das DLR ausschließlich zu den oben genannten Zwecken die bezeichneten
personenbezogenen Daten verarbeiten darf.

Meine Einwilligung erfolgt freiwillig. Ich kann sie ohne Angabe von Gründen verweigern, ohne dass ich deswegen
Nachteile zu befürchten hätte. Ich kann diese Einwilligung zudem jederzeit in Textform (z. B. Brief, E-Mail) mit
Wirkung für die Zukunft widerrufen. Ab Zugang der Widerrufserklärung dürfen meine Daten nicht weiterverarbeitet
werden. Sie sind unverzüglich zu löschen. Durch den Widerruf meiner Einwilligung wird die Rechtmäßigkeit der bis
dahin erfolgten Verarbeitung nicht berührt. 

Um Ihnen eine transparente Entscheidungsfindung zu ermöglichen, möchten wir Sie mit den nachfolgenden
Informationen zum Datenschutz darüber informieren, wie das DLR Ihre personenbezogenen Daten verarbeitet.

II. Informationen über die Verarbeitung personenbezogener Daten

Mit diesen Datenschutzhinweisen informieren wir Sie gemäß der ab dem 25. Mai 2018 geltenden EU-Datenschutz-
Grundverordnung (DSGVO) über die Verarbeitung Ihrer personenbezogenen Daten durch das DLR sowie über die
Ihnen zustehenden Rechte. Diese Hinweise werden soweit erforderlich aktualisiert und Ihnen zur Verfügung gestellt.

1. Verantwortlicher und DatenschutzbeauŌragter

Verantwortlicher im Sinne der DSGVO ist das
Deutsche Zentrum für Luft- und Raumfahrt e. V. (DLR)
Linder Höhe, 51147 Köln
Telefon: +49 2203 601-0, Internet: https://www.dlr.de

Den Datenschutzbeauftragten des Verantwortlichen erreichen Sie unter:
Datenschutzbeauftragter des DLR, Linder Höhe, 51147 Köln,
E-Mail: datenschutz@dlr.de

2. Zweck für die Datenverarbeitung

Zweck der Datenverarbeitung ist die Teilnahme an einer Befragung, welche im Rahmen einer Dissertation erhoben
und ausgewertet wird.

3. Datenkategorien

Im Rahmen der Verarbeitungstätigkeit werden die folgenden personenbezogenen Daten verarbeitet:

Verfahren: Befragung
Daten: Anonymisierte demografische Daten, wie Geschlecht (weiblich, männlich, divers, k. A.), Altersgruppe (unter 20
Jahre, 20-29 Jahre, …) und anonymisierte Fragen zum persönlichen Fahrverhalten (befahren des Radweges in die
falsche Fahrtrichtung) sowie Verständnis über Verkehrsregeln

4. Rechtsgrundlage für die Verarbeitung

Soweit die Verarbeitung auf Grundlage einer Einwilligungserklärung erfolgt, ist Art. 6 Abs. 1 S. 1 lit. a DSGVO die
Rechtsgrundlage der Verarbeitung.

5. Empfänger personenbezogener Daten

Eine interne oder externe Weitergabe personenbezogener Daten erfolgt nicht.

6. Speicherdauer

Die personenbezogenen Daten werden nur solange verarbeitet, wie dies erforderlich ist. Die anonymisierten
Forschungsdaten werden entsprechend der Ordnungen zur Sicherung guter wissenschaftlicher Praxis aufbewahrt
und können der wissenschaftlichen Öffentlichkeit ganz oder teilweise zugänglich gemacht werden.
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Eine Speicherung kann darüber hinaus erfolgen, wenn dies durch den europäischen oder nationalen Gesetzgeber in
unionsrechtlichen Verordnungen, Gesetzen oder sonstigen Vorschriften, denen der Verantwortliche unterliegt,
vorgesehen wurde.

7. Ihre Rechte in Bezug auf ihre personenbezogenen Daten

Sie haben gegenüber dem DLR folgende Rechte hinsichtlich der Sie betreffenden personenbezogenen Daten.
Zwecks Ausübung dieser Rechte wenden Sie sich bitte an die in Ziffer 1. angegebene Stelle. Vorbehaltlich der
Bedingungen und Garantien nach Art. 89 Abs. 1 DSGVO kann es nach Art. 89 Abs. 2, 3 DSGVO zu Ausnahmen der
Betroffenenrechte kommen.

Recht auf Auskunft - Art. 15 DSGVO

Mit dem Recht auf Auskunft erhält der Betroffene eine umfassende Einsicht in die ihn angehenden Daten und einige
andere wichtige Kriterien, wie beispielsweise die Verarbeitungszwecke oder die Dauer der Speicherung. Es gelten die
in § 34 BDSG geregelten Ausnahmen von diesem Recht.

Recht auf Berichtigung - Art. 16 DSGVO

Das Recht auf Berichtigung beinhaltet die Möglichkeit für den Betroffenen, unrichtige ihn angehende
personenbezogene Daten korrigieren zu lassen.

Recht auf Löschung - Art. 17 DSGVO

Das Recht auf Löschung beinhaltet die Möglichkeit für den Betroffenen, Daten beim Verantwortlichen löschen zu
lassen. Dies ist allerdings nur dann möglich, wenn die ihn angehenden personenbezogenen Daten nicht mehr
notwendig sind, rechtswidrig verarbeitet werden oder eine diesbezügliche Einwilligung widerrufen wurde. Es gelten
die in § 35 BDSG geregelten Ausnahmen von diesem Recht.

Recht auf Einschränkung der Verarbeitung - Art. 18 DSGVO

Das Recht auf Einschränkung der Verarbeitung beinhaltet die Möglichkeit für den Betroffenen, eine weitere
Verarbeitung der ihn angehenden personenbezogenen Daten vorerst zu verhindern. Eine Einschränkung tritt vor
allem in der Prüfungsphase anderer Rechtewahrnehmungen durch den Betroffenen ein.

Recht auf Datenübertragbarkeit - Art. 20 DSGVO

Das Recht auf Datenübertragbarkeit beinhaltet die Möglichkeit für den Betroffenen, die ihn angehenden
personenbezogenen Daten in einem gängigen, maschinenlesbaren Format vom Verantwortlichen zu erhalten, um sie
ggf. an einen anderen Verantwortlichen weiterleiten zu lassen.

Recht auf Widerspruch - Art. 21 DSGVO

Das Recht auf Widerspruch beinhaltet die Möglichkeit für Betroffene, in einer besonderen Situation der weiteren
Verarbeitung ihrer personenbezogenen Daten zu widersprechen, soweit diese durch die Wahrnehmung öffentlicher
Aufgaben oder öffentlicher sowie privater Interessen gerechtfertigt ist. Es gelten die in § 36 BDSG geregelten
Ausnahmen von diesem Recht.

Widerruf der Einwilligung

Betroffene haben die Möglichkeit, eine einmal erteilte datenschutzrechtliche Einwilligung jederzeit mit Wirkung für die
Zukunft zu widerrufen.

Beschwerde bei einer Aufsichtsbehörde – Art. 77 DSGVO

Jede betroffene Person hat das Recht auf Beschwerde bei einer Aufsichtsbehörde. In der Regel steht dafür die
Aufsichtsbehörde Ihres üblichen Aufenthaltsortes oder Arbeitsplatzes oder des Sitzes des Verantwortlichen zur
Verfügung.

8. Bereitstellung personenbezogener Daten

Es besteht keine Pflicht zur Bereitstellung personenbezogener Daten. Sollten diese vollumfänglich oder teilweise
nicht zur Verfügung gestellt werden, ist die Verarbeitung nicht oder nur eingeschränkt möglich. Dies gilt nicht für
solche Daten, die wir im Rahmen einer Einwilligung verarbeiten.

9. AutomaƟsierte Entscheidungsfindung

Eine automatisierte Entscheidungsfindung findet nicht statt.
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Die Belehrung über meine Rechte aus dem Datenschutzrecht habe ich vollständig gelesen, verstanden und
keine Einwände.

Mir ist bekannt, dass Teilnehmer/innen unter 16 Jahren nicht zugelassen sind.

Seite 02
AG

1. Wenn ich mit dem Fahrrad fahre...

... denke ich über verschiedene Dinge nach.

nie selten manchmal häufig immer

... bin ich abgelenkt.

nie selten manchmal häufig immer

... höre ich Musik.

nie selten machmal häufig immer

... denke ich an nichts.

nie selten machmal häufig immer

... bin ich sehr auf den Verkehr um mich herum konzentriert.

nie selten machmal häufig immer

... trage ich einen Fahrradhelm.

nie selten manchmal häufig immer
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Seite 03
GA

2. Wussten Sie, dass das Befahren eines Radweges in beide Fahrtrichtungen nur dort erlaubt ist, wo es durch
entsprechende Beschilderung ausdrücklich erlaubt wird?

Ja, das wusste ich.

Nein, das wusste ich nicht.

Weiß ich nicht.

3. Sind Sie jemals mit dem Fahrrad entgegen der vorgeschriebenen Fahrtrichtung gefahren?

Ja, mehrfach

Ja, 1-2x

Nein

Weiß ich nicht.

2 aktive(r) Filter

Filter GA02/F1
Wenn eine der folgenden Antwortoption(en) ausgewählt wurde: 1, 2
Dann nach dem Klick auf "Weiter" direkt zur Seite WC springen

Filter GA02/F2
Wenn eine der folgenden Antwortoption(en) ausgewählt wurde: 3, 4
Dann nach dem Klick auf "Weiter" direkt zur Seite NC springen
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Seite 04
NC

4. Wenn ich auf dem Radweg fahre und mir kommt ein Radfahrender entgegen, welcher in nicht erlaubter
Fahrtrichtung fährt, fahre ich oft...

... auf dem Fußweg

... auf dem Radweg

Weiß ich nicht.

5. Wenn ich auf dem Radweg fahre und mir kommt ein Radfahrender entgegen, welcher in nicht erlaubter
Fahrtrichtung fährt, fahre ich oft...

...mit niedrigerer Geschwindigkeit als zuvor (langsamer).

...mit gleichbleibender Geschwindigkeit.

...mit höherer Geschwindigkeit als zuvor (schneller).

Weiß ich nicht.

6. Wenn ich auf dem Radweg fahre und mir kommt ein Radfahrender entgegen, welcher in nicht erlaubter
Fahrtrichtung fährt, fahre ich oft zum anderen Radfahrenden...

...mit geringerer Distanz als zuvor (dichter).

...mit gleichbleibender Distanz.

...mit höherer Distanz als zuvor (ich weiche aus).

Weiß ich nicht.

7. Wenn mir ein Radfahrender entgegenkommt, obwohl er es nicht dürfte (er nutzt den Radweg in die falsche
Fahrtrichtung), fühle ich mich...

gefährdet oder gestört, denn jeder sollte sich an die Regeln halten.

unverändert, denn ich achte nicht darauf oder mir ist es egal.

unverändert, denn um Zeit oder Weg zu sparen würde ich es auch machen.

verunsichert, weil ich nicht weiß, wie ich mich verhalten soll.

1 aktive(r) Filter

Filter NC04/F1
Wenn eine der folgenden Antwortoption(en) ausgewählt wurde: 1, 2, 3, 4
Dann nach dem Klick auf "Weiter" direkt zur Seite KR springen
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Seite 05
WC

8. Wenn ich entgegen der erlaubten Fahrtrichtung fahre und kein weiterer Verkehrsteilnehmender zu sehen
ist, fahre ich am häufigsten...

... auf dem Fußweg

... auf dem Radweg

Weiß ich nicht.

9. Wenn ich entgegen der erlaubten Fahrtrichtung fahre und mir kommt ein Radfahrender entgegen, fahre ich
oft...

... auf dem Fußweg

... auf dem Radweg

Weiß ich nicht.

10. Wenn ich entgegen der erlaubten Fahrtrichtung fahre und mir kommt ein Radfahrender entgegen, fahre
ich oft...

...mit niedrigerer Geschwindigkeit als zuvor (langsamer)

...mit gleichbleibender Geschwindigkeit

...mit höherer Geschwindigkeit als zuvor (schneller)

Weiß ich nicht.

11. Wenn ich entgegen der erlaubten Fahrtrichtung fahre und mir kommt ein Radfahrender entgegen, fahre
ich oft zum anderen Radfahrenden...

...mit niedrigerer Distanz als zuvor (dichter)

...mit gleichbleibender Distanz

...mit höherer Distanz als zuvor (ich weiche aus)

Weiß ich nicht.

12. Nennen Sie Gründe für das Befahren des Radweges entgegen der erlaubten Fahrtrichtung, die auf Sie
zutreffen.

Bitte kreuzen Sie alle zutreffenden an.

Ich spare dadurch Zeit.

Ich spare dadurch Weg.

Ich fühle mich sicherer.

Ich wusste nicht, dass ich die Richtung nicht befahren darf.

Weil andere es genauso machen.

Andere Gründe:
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Seite 06
KR

13. Betrachten Sie folgende Situation. Stellen Sie sich vor, Sie sind der gelbe Radfahrende. Sie queren die
Kreuzung bei grüner Ampel und wollen weiter nach Norden fahren. Von rechts nähert sich ein Radfahrender
(blau), der ebenfalls nach Norden fahren möchte. Was würden Sie tun?

Bitte klicken Sie auf den unten stehenden Link, Sie werden weitergeleitet. Die Animation dauert nur 10 Sekunden.
Link zu einer kurzen Animation mit Abbildung (mp4)
Link zu einer Abbildung (jpg)

Ich (der gelbe Radfahrende) habe Vorfahrt, also fahre ich zuerst.

Der Radfahrende in blau hat Vorfahrt, also warte ich.

Ich weiß nicht wer Vorfahrt hat, also beeile ich mich zuerst zu fahren.

Ich weiß nicht wer Vorfahrt hat, ich lasse den Radfahrenden in blau vorfahren.

Keiner hat Vorrang, wir einigen uns mit Handzeichen o. ä. wer zuerst fährt.

Seite 07
DD

14. Welchem Geschlecht ordnen Sie sich zu?

weiblich

männlich

divers

Ich möchte keine Angabe machen.

15. Welcher Altersgruppe ordnen Sie sich zu?

unter 20 Jahre alt

20-29 Jahre alt

30-39 Jahre alt

40-49 Jahre alt

50-59 Jahre alt

60-69 Jahre alt

über 70 Jahre alt

Ich möchte keine Angabe machen.
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Seite 08
Anmerkungen

16. Wie haben Sie von dem Fragebogen erfahren?

Ich wurde an einer Kreuzung angesprochen und habe den QR-Code auf Papier erhalten.

Ich habe den Link zum Fragebogen digital (Mail, Social Media,...) erhalten.

17. Anmerkungen / Sonstiges

Letzte Seite

Vielen Dank für Ihre Teilnahme!

Ich möchte mich ganz herzlich für Ihre Mithilfe bedanken. Ihre Unterstützung ist ein wertvoller Beitrag für meine
Dissertation.

Ihre Antworten wurden anonym gespeichert, Sie können das Browser-Fenster nun schließen.

Claudia Leschik – 2024
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