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1 ABSTRACT

To further promote the share of cyclists in urbad eural areas, the focus lieson both improvingotiye
road safety and increasing the subjective feelifigsafety among cyclists. The subjective feeling of
insecurity often forms a barrier to more frequenytle use for people who have so far cycled littlenot at
all, and who are therefore important for increaghggcycling share in urban and rural areas.

The focus of the research is to examine overtakitgractions involving bike and car traffic. Ovekitag
cars is one of the main causes of stress for t¢yclidot only does overtaking have physical sucaoad
pressure effects on bike traffic because of aipldsed by the car body, but also psychologicalsstes.
There are proximity boundaries where people feshfenwhen someone does not maintain them, especiall
when imposed upon by large, fast vehicles. Durimgrtaking interactions, there is no direct oppattufor
communication due to the separation effect of #irebody. The cyclist also cannot confirm that theet is
aware of their presence.

Since 2020, Germany has mandated that car drivass anly overtake cyclists on the roadway with a
distance greater than 1.5 m in the inner city, 2/0dm out of town. Other countries have similarutagons
for overtaking interactions involving cyclists. R, Portugal and Spain have also adopted the 1a%/nin
Australia, the distance is usually 1 meter on roaik speed limits less than 60 km/h and 1.5 meters
roads with higher speed limits. Distances set éntthffic regulations across different countries primarily
based on court rulings. Research is missing onwibNertaking distance cyclists feel most safe damndhéch
distance they are stressed.

This paper analyzes the effect of overtaking distaron cyclist stress. The research is based tmnides
with 14 cyclists on urban streets. The bikes wegaigped with sensors measuring the lateral distance
between the bikes and overtaking cars. With the béla stress-measuring method using medical 8tnes
wristbands, stress-inducing overtaking interactiomsld be detected. The distance of the overtakangand

the stress events were compared by geometric amgbtal coincidence. Through the Pearsons chi-sduare
test and the use of Cramer’s V, the results shetatacally significant between closer overtakingtaihces
and stress-triggering effects on cyclists: At dises under 1.6 meters, significantly more overgkin
situations triggered stress.

The research has shown that the distance of cartaing cyclists has a big effect on the subjectiafety
of cyclists. The research also suggests that thenlapproach is close to the measured “feel-saf#ankce
for cyclists and therefore supports regulations enfibrcement around this value when planning street
improve the safety of cyclists.

Keywords: overtaking cars, urban emotions, cyclsupjective safety , mobility planning

2 SUBJECTIVE SAFETY IN CYCLING TRAFFIC

2.1 Subjective and objective safety

The safety of cycling is composed of an objectivel @ subjective dimension and their interactions
(Johannsen, 2013; Klebelsberg, 1982). Objectivetgdbcuses on quantitative analysis of accidentsia
usually based on an analysis of police accidenissts. Subjective safety looks at road users'temal
perception of the threat posed by a traffic sitra{Fuller, 2005).

The term subjective safety describes the self-apsmst of safety; i.e., how safe one feels in certai
situations(Lange und Gasch 2006). From the Encgdigpof Psychology of the scientific journal “Spreki
der Wissenschaft”, subjective safety is describedaa“typical experience-descriptive variable in the
motivation theory-oriented research tradition omamdividual conflicts and decisions” (Wenningei2D).
Thus, it is characterized by experiencesthat affectonal decisions (Jurczok 2019).
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In road traffic, especially in cycling, the focusrecent years has been on objective safety. Takeigto use
data to design the use and form of road infragtredo prevent accidents or conflicts between r=ads. In
recent years, however, the focus has increasinghet to the "specific requirements and needs cdllo
people and their perception of traffic"(Gehl 2018nce subjective safety. The goal is now to incEie
aspects of subjective safety into the technicainileg of transport infrastructure. The motivatiezhimd the
goal is to increase the acceptance of cycling iregageneral and thepotentialfor more frequentdiécyse.
For many potential cyclists, a subjective feelifigngecurity is a barrier to more frequent usehef bicycle.
In particular, for people who cycle infrequentlyare also therefore highly important for increasthg
cycling mode share - the subjective feeling of cosiy forms a barrier to more frequent cycling (a&lred
and Woodcock, 2015;Bill et al. 2015).

Since an objectively safer cycling infrastructu@smo added value if it is not accepted by roadsuse
cycling safety must be a combination of both subjecand objective road safety.

2.2 Factors of subjective safety in bicycle traffic

In recent years, the individual subjective feelofgsafety among cyclists in Germany has grown dtgad
This is shown, among other things, by data fromrépgesentative online survey "Fahrradmonitor" ¢dak
2019), p. 48) conducted several times in Germangoriparison of different years shows that the pribgo

of cyclists who feel “very/mostly safe” has incredsrom 53 % in 2017 to 63 % in 2021 (SINUS 2021, p
48). This result shows that an improvement in sthje safety is achievable. In order to achieve an
improvement in subjective safety, it must firstdbear what stresses cyclists in traffic. In thedgtudangers
perceived by cyclists in the traffic flow are “toauch car traffic,” “no bike lanes,” “inconsideratehavior

of other road users,” “insufficient separation déeblanes or bike paths from the lanes of cars’naissing
turn lanes”. “Not sufficiently wide bike lanes ake paths” tend to play a more subordinate rolthenstudy
(SINUS 2021, p. 121). Many of the stress triggersirmcertainty factors mentioned could also be eeldb
overtaking: To much traffic means that cyclists fiegjuently overtaken. Reckless car drivers coddahb
indication of overtaking distance, and too-few safed bike lanes shows a clear general skepticgrards
motor vehicle traffic.

A study by the Department of Transport (Gibbardle2004) in Great Britain asked cyclists aboutrelats
that caused the most stress or feelings of vulildgyatRespondents perceive large roundabouts (36)4
fast traffic (11.2 %), a high proportion of heawhicles (17.8 %), and right turns in traffic (1242 as most
stressful or vulnerability-inducing. Many of theoeédmentioned points cover similar problems to the
“Fahrradmonitor 2021” study. Due to the crossingnudny conflict points when turning right - or, in
countries with right-hand traffic, when turningtlefit seems logical that cyclists tend to be msiressed
than when riding through fewer conflict points.

In the study by Dennis Grof3 (2015), the stress/olists was made objectively measurable for thst fime.
By using a medical wristband, stress reactiondefiiuman body were made visible. The evaluatiotmef
study revealed a wide variety of stress triggefsckvcan be divided into three subcategories:

Horizontal effects are always related with the dimn of travel of the cyclists. These include pirticular,
intersections, merging into traffic, curves, roadface, obstacles, or narrow sections. Verticabaff
involve the bicycle moving in a perpendicular direcs. This is the case when cyclists ride over surb
uneven pavement, or when the road has an inclinkedme. Anthropogenic effects refer to all inttians
triggered by other road users, such as an ovegaléhicle, oncoming traffic, pedestrians, or dogrifthe
various effects can also occur in combination, mghkt more difficult to identify the main triggeoif the
stressful situation. In addition, there may be ptfgects brought to the situation by the cycllgmselves
(individual effects): Personal experiences and-aeardents at certain sections, but also the iddai stress
tolerance influences stress measurement (Merk 20&€& et al. 2021).

Another approach to measuring subjective stressffeised by the studiesof FixMyCity Team (2020)and
Richter et al. (2019) about the safety and usghilitcycling guidance. In both studies, cyclistsrevasked
about their perception of safety when considerirfter@nt traffic situations under variable infrastture
designs. The results of this showed that the steste design has a big impact of how safe cydtsison
the street.
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3 OVERTAKING INTERACTIONS INVOLVING BIKE AND CAR TRAF  FIC

3.1 Legal Framework

Since 2020, Germany has mandated that car drivass anly overtake cyclists on the roadway with a
distance greater than 1.5 m in the inner city, 2@dm out of town. Other countries have similarutaions
for overtaking interactions involving cyclists. R, Portugal and Spain have also adopted the 1aSin
Australia, the distance is usually 1 m on road$ wpeed limits less than 60 km/h and 1.5 m on reatts
higher speed limits.

Distances set in the traffic regulations acrostedht countries are primarily based on court gdisuch as
the court decision from Hamm: "When overtaking, @avers have to maintain a distance of at lea6tcih

to the side and , when travelling above 90 km/ay timust maintain a 200 cm distance"(OLG Hamm, Az. 9
U 66/92).

However, no concrete justification forrecognizihgse distances as "sufficient overtaking distan(es/0,
Germany) can be found in the technical literature.

3.2 Overtaking interactions in reality

Given that streets often have insufficient widthsatiow for overtaking at a 1.5 m distance, manydigs
show non-compliance with prescribed minimum disésndOvertaking still takes place it is not legally
permitted In the “SensorBike” project at the Kautse University of Applied Sciences, only about 566
recorded overtaking events had an overtaking distaf more than 150 cm (n=255 overtaking events).
About 20% of recorded overtakes occurred at a mistaf less than one meter (Rdder et al. 2020)erOth
studies on overtaking distances also show corrdibgraesults (Welz 2020; Baum 2019; Richter et al.
2019). Studies regarding overtaking distances ud@€r cm in particular show that only about 50% of
overtaking distances were greater than 150 cmbaruareas.

A closer look at the literature shows that the taleng distances between motor vehicles and bisydte
not depend solely on the behaviour of the roadsyderrt are influenced by the corresponding desfghe
road space. Although overtaking distances varyffarént cities, the influencing factors are thensa

The lateral overtaking distance between motor Vesiand bicycles depends in particular on the wadtine
cycling infrastructure. A 100 cm wider cycling iaftructure leads to 33 cm wider overtaking distance
From a width of 1.85 m, cycling infrastructure Isad significantly larger overtaking distances tigamding
cyclists in mixed traffic. Only the width of the @ing infrastructure is important, the type of dpdl
infrastructure is not decisive. If the width of thegcling infrastructure is smaller, the guidanceniixed
traffic can lead to a smaller number of narrow taleng distances. Thus, although overtaking dods no
occur at greater distances in mixed traffic, tremee significantly more rejected overtaking manoeswvhan
with cycling infrastructure under 1.5 m wide. Iretbase of cycle lanes or protective lanes less iam
wide, their benefits for the guidance of cyclingffic (e.g., recognisable guidance of cycling iaff
guidance in the field of vision of motor vehiclaffic, etc.) must be weighed against the lower takeéng
distances compared to mixed traffic. It may be seag/ to check whether a sequence of pictograms is
suitable for the guidance of mixed traffic.

The width of the lane used by motor vehicle traffiso has an influence on the overtaking distaridpdo a
lane width of 9.0 m, a widening of the lane resuit&n increase in overtaking distances. For ev@ydm
increase in lane width, the overtaking distancesei@se by 7 cm. Above 9.0 m, however, the lanehandt
longer has any influence on the overtaking distand@vertaking by cyclists from oncoming traffic
(encounter between car and bicycle) is rarely ofesebut is associated with narrow overtaking distan
On stretches of road with frequent overtaking mamoes with oncoming traffic, particular attentidmosid

be paid to ensuring sufficient overtaking distand®s influence on the overtaking distances betweetor
vehicles and bicycles was found for stationaryfitafthe maximum permitted speed or the type of
overtaking vehicle.

Objectively, motor vehicles overtaking bicycle frafofficially has only a minor negative influenam
accidents. In accident statistics on cycling, ldrtg rarely appears as a direct cause of accidents
According to a nationwide search engine query fdime press reports of bicycle fatalities by Worhs
from early 2013 to 2018, only 6% of fatal bicyclecalents were due to ramming/striking with motor
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vehicles(Wordpress 2018). The main causes of hiciathlities, according to this source, are solidmnts
(32%) and right-of-way/crossings (28%). Other asady of cycling accident statistics also assumewa lo
direct involvement from overtaking motor vehiclesi@s 2010).

3.3 Potential factors influencing the occurrence of sess while overtaking interactions

Stress is generally understood as a reaction obdily to external or internal stimuli: so-calledessors.
Stressors can be physical, psychological, or sotia@ body reacts to stressors when they distwibdance

in the body and the calmness of the person (S&%6)1 Stress can be seen as a type of adaptivenssp
As soon as a perceived stimulus is classified levaat to the safety of the person, a protectivehagism
takes place in the body through the release of boes, such as adrenaline and cortisol, which petbody
on alert. A part of the autonomic nervous systeing $ympathetic nervous system, is activated. The
activation ensures "brain performance and behadvioesponses of the body" (Zimbardo 1995).
Evolutionarily, stress is a response that usedisu® human survival. The term "fight or flightdiced by
the U.S. physiologist Walter Cannon (1915), playsajor role. By reacting to a stimulus with stretse
body was prepared for possible reactions necedsargurvival and physical functions were ensured by
hormones (“fight or flight"). Whether stimuli arengeived as threatening or irrelevant varies framspn to
person. The evaluation results from previous perlsexperiences, adoption of evaluations of otherange

of knowledge and information, and personal theofiesusch 2017). The subjective sense of safetysstar
here. Stress is seen as a reaction: the unsafe m®r®dt by each individual. In today's world, sses
mostly psychological in origin (Tausch 2017). ladatraffic, however, stress can still be relatedsdéormer
relevance. Thus, stress is mainly seen in pedesirid bicycle traffic as a direct reaction to actizmgerous
situations. Factors that function as stressors/émyelay traffic are: Noise, proximity of strongead users
(fear of collision) or indirect factors, such asgsure or suction effects by other road users.thdte
stressors can be identified during (close) ovenigkFor cyclists, potential stressors are triggdrgdheir
role as weaker road user on the roadway comparewbtor vehicle traffic. Bicyclists, as weaker raaskrs,
are greatly outnumbered by faster motor vehiclfitrin a potential encounter and can thus feetiass of
being at their mercy. From the cyclist's point @w, this fear seems very understandable at fitgtjs not
perceived as such by motor vehicle drivers. Theaoarthe associated protective space act to sedavat
the real, threatening situation in possible calhsi (Peters 2010).

A possible approach for maintaining sufficient deking distances can be derived from the four disa
zones theory of ethnologist Edward Hall in 1982(H&I82). Hall assumes that every person allowsagert
distances to other groups of people without feelingomfortable. The intimate zone of a person tmizte
sphere is reserved only for friends, family, ortpers. It corresponds to an arm's length distafé@ om.
Strangers are perceived as threatening or intrusihis zone their ejection of this intrusion camass
aggression ("stress"). The second zone is the pargone, extending up to about 1.2m. Within tliee,
only acquaintances or colleagues are toleratecsddgiperception of these persons is already compheit
they are not perceived as directly unpleasanthéndocial zone, people do not feel directly bottieve
threatened by other people. In this zone, strangersalso tolerated; they are no longer fully piewemh
sensory-wise. A direct threat or relevance forwled-being can be excluded. Overtaking can be assigo
this personal zone. Vehicles are therefore no longmpletely sensory perceived from this distanu are
therefore not seen as a nuisance or threat. Wihaghproach, however, it must be considered thiaicles
have a greater effect on cyclists due to their, sipése and other sensory perceptible influenceslaus can
still be perceived as threatening at distancesrmko?2 meters.

So all in all overtaking by cars take a big rolehe subjective safety of cyclists. There manyeaasycling
people feels unsafe by big cars overtaking therncteae. Also objective numbers show that thenmgoiseal
reason to be really scared about. So what is thdtref this inconsistency?: Is it really necessarhave
rules which regulate the overtaking distances dn ithe end the distance not that significant asegms?
These questions are to be investigated by the sitithys work to increase the number of peopleiogclin
reality at least to enforce the rules you need rptaee for cyclists, otherwise near overtaking still often
take place on the streets. So the big questioadshe overtaking distance impact on the stressrigwe of
cyclists in urban areas and if so, at which distathe cyclists feel safe enough?

—m pos REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
'd‘?\x@ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities

Rkl 2.



Jan Hauenstein, Jochen Eckart, Peter Zeile, Jute Me

4 METHOD FOR DETERMINING STRESS PERCEPTION

4.1 Stress detection with the EmoCycling method

The EmoCycling methodology used in the projectdiitd origin in the "emotional cartography" inigatby
Christian Nold in 2009. An essential component tesspecially developed "Bio Mapping" device, which
recorded biostatistical data in a georeferenced neranNold 2009). The recording of individual
physiological responses is thus possible, withinkésidual acting as a "human sensor.” Followingeaies
of other research papers, Zeile et al. (Hoffkerale2014) revealed the most common triggers fagsstr
responses in cyclists using wearables, camerassraadphone-based applications. Specific trafficagions
such as guidance patterns, high traffic volumesgdeous overtaking, or the condition of the roadese
were the most common stressors.

To measure the ‘“stress level, the medical fitnessrist band “Empatica E4"is
used(https://www.empatica.com/en-eu/research/@20)2 The background use of this device is to garer
real-time medical data for research purposes iaraaperform analyses and visualizations. It rdsafitals
data-- more precisely, the skin conductivity anthgerature of the test persons during cycling -- and
synchronizes the corresponding GNSS data to a phmaré. The basis for the recognition of moments of
stress in the collected physiological data is deiaea rule-based algorithm (Kyriakou et al. 201Bhis
assigns a stress moment when there is an increasédtrodermal activity (EDA) Activity (EDA) in
conjunction with decreases in skin temperatureesa($T).

When under stress, the human nervous system lipitegcts with sweat production and an increasdsepu
The sweat serves as a reaction to the imminenilpp@sctivation of corresponding body functions dhd
pulse is increased in order to supply correspontiody areas with sufficient blood. The extractegsst
moments are each labelled with a timestamp andggsition so that they can be analyzed both dpatia
and temporally.

4.2 Structure and procedure of the study

When selecting the type of bicycle traffic routigye is taken to select as balanced a proportigrossible
of marked bicycle infrastructure (protective lacgsle lanes) and bicycle traffic routing in mixedftic. For
mixed traffic sections, both speed limits of 30 krahd 50 km/h are included in the planning. Furtieee,
when selecting the route, attention was paid tearacourse of the route, so that the route candden by
test persons without much prior knowledge. The tiestk has a length of about 7 km and leads adhess
inner city of Karlsruhe, Germany.

Legende:
Start/Ziel

S @ == Mixed traffic
S— Bede Protective lane
Bike lane
@ @ Side Space
30 km/h,
@ clse 50 km/h

A

hrins/mans nmaisale somy N

Fig. 1: Test Route in Karlsruhe, Germany

The test persons are selected according to twerieritFirst, the subjects should have experiendd wi
cycling in urban traffic. Second, subjects showddna fairly homogeneous composition in terms ef agd
socio-cultural backgrounds. According to Gelleyslist types, only people who can be classifieceiéiser
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“Strong and the Fearless" or “Enthused and the idenf’are eligible for the survey. This groupingsha
already been used in several studies (Dill and M¢R@13, 2016; Portland State University et all2Ppand
are used as the basis for the present study.

The 14 test persons achieve good comparabilityinvitie group while controlling the study to focuslyo
the effect of overtaking distances and the guidarfitke bicycle infrastructure.

Test persons are equipped with anE4 to measur@dbterrence of stress according to the EmoCycling
method from Hoffken et al. 2014. The bike is eqeigppnith a OpenBikeSensor, cameras, and a GPS
Tracker. OpenBikeSensor is an open-source prdjatthias evolved over the last few years from amafu
active everyday cyclists into an association. Thal @f this project is mainly to provide and funthievelop

a distance measuring sensor for the bicycle tordetiee lateral distance to other vehicles. It cetssof
ultrasonic sensors, an event trigger and GPS-remp(@penBikeSensor 2023)

In the present study, video recordings, distancasmements, and psychophysiological reactionseofet
persons including GPS data are collected. In thayais, the collected data is temporally connedted
determine correlations between environmental paermand overtaking distances and stress occusence

The processing and cleaning of the generated d&tapkthis research work is done by several steps:

First, the trips records from the camera are viguahalysed for motor vehicle overtaking events. By
overlaying the GPS points of the overtaking evearid the distance data between bicycles and cars, a
distance is assigned to each overtaking eventeShe GPS location of the distance data is somstiragy
inaccurate, the overlay is verified using videodistamps and distance measurements. For this gurpos
significant trip points such as the start and nth@ test drive are overlaid with the respectivgetstamps.

The psychophysiological data of the fithess wristhare evaluated for stress moments by an algorithm
based on the EmoCycling-method. Stress momenisl@néfied and imported into a geographic inforroati
system using their GPS coordinates. By overlayimggdtress moments with the overtaking distancesnit

be determined in which overtaking events stress embsnoccurred. This results in a comprehensive skita
with overtaking events, their lateral distance dataurrences of stress, and other environmentahpeters.

Statistical evaluation is performed using the cjuage test at the 95 % confidence level. Lowerdeagies

of expressions (n < 20) were not considered sitzlbt, but only descriptively. The effect size pdssible
statistically significant parameters on the numbifestress-inducing overtaking events is determimgdhe
Cramer's V value. Additionally, two-step clusterirgyperformed using the statistical software SP&S t
identify possible groups of parameters “favourisress-inducing overtaking.

Stressors of the subjects

pedestrians Oncoming traffic entering and turning
4% 3% vehicles
3%

Dooring
1%

intersection
42%

narrow spaces
3%
obstrucion
5%

slow vehicles ahead
11%

overtaking
vehicles
28%

Fig. 2: Stressors of the test persons
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4.3 Results of the study

A total of 232 moments of stress were recordethénstudy. These stress moments were first assigribe
overtaking processes and, in a further step, tmaireng moments were assigned to other stressarsgh a
second video analysis. With 42 %, the intersectigspect corresponds to the most stress occurrences.
Overtaking vehicles occur as stressors in 28% efassignable stress moments. At 11 %, slow vehicles
ahead of the cyclist are a frequently occurringsstor in the study. The remaining stressors, inuojud
obstacles, bottlenecks, pedestrian traffic, oncgntraffic, and entering and turning vehicles, ocounty
sporadically as stressors. The classification refssors according to Grof3 (2015)in the EmoCyclieghod,

also used by previous studies, serves as an di@ntahis first analysis shows that overtakinghis second
largest stressor in this study.

A total of 226 overtaking events were recordedhiis study. 38 (17 %) of the overtaking events can b
attributed to a stress occurrence in the parti¢§palB8 overtaking events are associated with mecthd
stress moments (83 %). Figure 17 shows the distaotell recorded overtaking events. The maximum
overtaking distance is 230 cm and the minimum 70 Ehe 25 % quantile limit is at 130 cm and the 75 %
quantile limit is 170 cm. Thus, the median 50 %h&f values are between 130 and 170 cm. The medlian o
all passing distances is 150 cm and the averagdl pfssing distances is 152 cm. 50 % of the medsur
overtaking distances are above the often-used tbénd 50 % are below.

Proportion of stress-triggering overtaking events
(n=226 overtaking events)

100%
90%
80%
70%
60
50%
40%
30%
20%
10%

0%

<100 cm 100-149 cm 150-199 cm >199 cm
(n=13) {(n=87) {(n=100) {n=26)

C}

Hnotstress-triggering M stress-triggering

Fig. 3: Proportion of stress-triggering overtakegnts

Using the Pearson's Chi-square test, the resutte shstatically significant between smaller overigk
distances and stress-inducing effects on cyclists:

For overtaking widths below 100 cm, the proportafnstress-triggering overtaking events was 38 %, fo
widths between 100-149 cm, it was 21 %, and fortakeng widths between 150-199 cm it was 15 %. At
distances below 160 cm, significantly more overigkimanoeuvres triggered stress than at smaller
overtaking-distances.

No stress-triggering overtaking events were reabrite overtaking events at distances above200 cm.
However, the overtaking distances of the streggining overtaking events abovel50 cm reveal tBat 1
overtaking events with a distance of 160 cm, 170 &and 180 cm were stress-triggering in certain £ase
(proportionately 15 %, 16 %, and 21 % of the ouéng events at these distances, respectively). &hes
values indicate that, in these instances, the mdisteof 150 cm is insufficient or that perhaps other
environmental parameters are responsible for tlesst7 % of the overtaking events were thusaggkessed

as causing stress at overtaking distances gréeterlisO cm.

Overtaking distances have a very large influenceheroccurrence of stress among cyclists when akieg
by motor vehicle traffic. A statistically signifioé relationship between overtaking distance and the
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frequency of stress-inducing overtaking was foumdall distances below 160 cm. This relationshimisst
pronounced for overtaking distances less than #8However, overtaking events that did not haveess-
triggering effect also occurred below 130 cm artdthe same time, stress-triggering overtaking es/ent
occurred for overtaking events at a distance ofentban 160 cm. These peculiarities are to be regaad
statistical outliers.

Stress-triggering overtaking-events (n=38)

- Overtaking distance
200

180 180cm

Car

160

140

o oXd loo

120

100
Stress _

Overtaking width [cm]

80

60 _—

40

20

<

Fig. 4: stress-triggering overtaking-events depeqgadin distance

Other environmental parameters did not provide datectable influences on stress in the study: the
influence of extra bicycle traffic guidance on ttead such as protective lanes and bicycle lanesnbad
influence on stress occurrence. Also the differdreteveen motor vehicle speeds of 50 or 30 km/h skow
no influence in this study. However, these findis@uld not be considered definitive due to thellsma
sample size.

5 DISCUSSION OF LOW-STRESS OVERTAKING INTERACTIONS IN VOLVING BIKE AND
CAR TRAFFIC

The present study shows that overtaking by motdicle traffic of cyclists has a measurable effent o
objectively measurable subjective safety cycliStsessors such as crossing at 42% and overtakimgles
at 28% occurred most frequently in the study. Steswere measured in 17% of detected overtakiegtsv
Thus, according to this study, motor vehicle oydng events have a high influence on the occurraice
stress among bicyclists within urban areas.

The results show that the overtaking distance piagecisive role: The larger the distance, the $ess
was measured in motor vehicle overtaking eventstdJp value of 160 cm, a statistically relevantifpas
correlation was found between the small overtakiigfances and the number of stress moments that
occurred. For overtaking distances of less than cdfipthe proportion of overtaking events causimgsst
was 38%, for distances between 100 and 149 cmdt24&0, and for overtaking distances between 150 and
199 cm it was only 15%.

In summary, the overtaking distances in overtalingnts by motor vehicle traffic are most relatedttess
occurrences for cyclists. The overtaking distanté&5®) cm regulated by, for example, the German Road
Traffic Regulations (StVO) can therefore be seeraagensible starting point for providing cyclist&hw
sufficient subjective safety space. No negativ@asitive effect on the occurrence of stress amaggists
could be attributed to the environmental parametém®ute type, bicycle traffic guidance type, nmaxm
permitted speed for motor vehicle traffic, consinig elements in the right lane edge, and heavfidra

Measures should be taken to increase overtakingmntiss.Cyclists should be proclaimed to be resgeaute
urban roads. The appropriate behavior of motoralelurivers should be encouraged through campaigds
notices. Some cities and states already launchegaigns to address the failure of motor vehicl&itréo
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maintain the minimum overtaking distances with sl In countries such as Switzerland, campaigns
actively attempt to attract more attention to th&ue of cyclist overtaking (Brenn 2021). The ainthafse
campaigns is to raise awareness of the currens rofe minimum overtaking distance and to increase
considerate behavior between motor vehicle traffid bicycles. The long-term effects of these cagnsi
on overtaking are not yet foreseeable.

Another thing that derives from the study is thiayble infrastructure must be built that promotaffisient

overtaking distances. In particular, sufficientyde, on-roadbicycle facility widths of at leas83.m are
important. If there is insufficient space for witike infrastructure, it should be checked whethérech
traffic on the roadway at low speed, possibly suggabby pictogram sequences, present possibleicuodut
In some cases, a solution may be to prohibit okirgeof single-lane vehicles.

It is recommended to conduct further studies o #nd on a larger scale to make even more quablgi
statements. Additional factors, such as the infteeaf heavy traffic or the guidance of bicycle fiabn
protected lanes on cyclist stress during motoickelovertaking events could be made. In additéofyrther
study should be conducted on the stress perceptiopclists when motor vehicles are following behin
order to be able to exclude potential stress oeogss for cyclists.

This research makes an important contribution tde/adtetermining the subjective feeling of safety of
cyclists through an objectively-measurable method therefore better understand the subjective ysafiet
cycling. The statistical relevance of the overtgkifistances with cycling traffic contributes to the-far
only partial implementation of minimum overtakingstdnce regulations and ultimately increases the
subjective safety of cycling and promotes cyclingéneral.
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