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1 ABSTRACT

Active mobility is a key factor in the mobility relution and is thus elementary in combating thenate
crisis. At the same time, however, much researdhillsneeded to improve the situation of activehitity,
especially regarding inhibiting factors in the d®bf active modes of transport. Essential heread users'
positive and negative emotional experiences iresffit infrastructure settings.

Due to high volumes and speeds of motorised trffigh noise and pollution levels and a lack ofegiery
urban space, today is often associated with ineceafress and an excess of stress-related disaadess
cardiovascular diseases, depression, or schizaph¢adli, 2017). Providing data and objectifying am4
discussed issues such as perceived safety in tdrigfrastructure is essential for decision-makaighe
community level (Sgrensen, 2009). Such data cavigeavidence to refine traffic planning guidelireesd
improve public space for pedestrians and cyclists. therefore necessary to get a differentiatetupe of
social and ecological considerations in the mabsg#ctor.

The BMDV project “Emotion Sensing for (E-)Bicycleafeéty and Mobility Comfort ESSEM” investigates
the subjective perception of cyclists’ safety ifam traffic. With the help of iterative environmahand
body-related data collection, stress points inntlumicipal cycling network are identified and analgsn the
two model cities of Ludwigsburg and Osnabriick .

The framework given in this study applies a tridagng approach that allows statements on indiMidua
“stress” utilising biological markers (skin condwdly, skin temperature) via a sensor wristband gmdugh
standardised questionnaires. In this way, vulnergbbups can be identified, which can be bettezridakto
account in project development and planning. Thislys focuses on three “stress hotspots” in Osnabric
considering different forms of bicycle infrastructu
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2 INTRODUCTION

To plan ecologically, spatially and socially sustdile and equitable cities of the future, one isigupoint is

to move human perception to the centre. Espedialiiye field of active mobility, such as cyclingagple are
directly exposed to their environment. Projectshsas the "Emotion Sensing for (E-)Bicycle Safetyl an
Mobility Comfort ESSEM", funded by the German Mimys of Digital Affairs and Transport, focus on
researching stress in cycling. On the one handy-beldted data are collected that can indicateresst
reaction in the body. These are geo-referenced argective data can thus be made objectively
comprehensible in the form of heat maps in QGISe Tdsults represent an indicator of the subjective
perception of safety. Spatial specifics, such adamece forms and street intersections, have afgignt role

to play here. On the other hand, different peopéehdifferent perceptions due to their different
characteristics, which also shape the perceptiostrebs. These can be collected through e.g. stiindd
questionnaires. The ESSEM project takes place énntbdel cities of Osnabriick and Ludwigsburg. The
present study focuses on the results of the rasdar©snabrick. The following research questiores ar
guiding:

(1) Where do cyclists in Osnabrtick feel stressed?

(2) To what extent do personal dispositions, sicemder, age or personality play a role in this?

(3) To what extent can statements be made aboutdhaection between different designs of bicycle
infrastructure and stress?
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3 STATE OF RESEARCH
The state of research focuses on the perceptisafety, measuring stress and influencing factors.

3.1 Perception of safety

One pillar of the mobility transition in Germanytincrease the share of cycling (BMDV, 2022). tabkes

to changing the mode of transport are manifold.eAgential part of this is the perception of saf€y.the
one hand, there is objective safety. This can ntfied in the form of police accident statistiéd. the
same time, subjective safety must be taken intowrdqJohannsen, 2013). This is of great importavioen
choosing a means of transport. This subjectivegpdian is determined by various factors. On the loened,
there are “exogenous” factors, i.e. external stmattfactors. These can lead to critical situatjomsar-
accidents, a feeling of being squeezed or a naeced stress reaction. The resulting stress ilingycan
therefore negatively influence the choice in favolicycling and is, therefore, an important staytooint for
research (Graf, 2016). Various personal dispostiéendogenous factors” diversify the picture. For
example, there are differences in people who géiparse bicycles little, in gender, the purposetraivel,
age and the psychological constitution of peoplemlassessing stressors (Schmidt-Hamburger, 2022).
When researching stress phenomena and their haatfiégts on the human body, it is above all relévan
how strongly the respective person evaluates amldlso feels the experienced stress. This subgestiiess
evaluation can be further specified by adding imfation about the mobility profile, socio-demograpaind
socio-psychological assumptions. The endogenouseiméing factors refer to individual demographic,
socio-economic and sociocultural attributes of widiials and their social environment, which sigrafitly
influence perception (Wermuth, 2005). Examplesetévant factors are gender, age, physical conistitut
local knowledge or familiarity with the means odnsport. Furthermore, from a biopsychological paoint
view, there are indications that genetic or psyobiclal predispositions can strengthen or mitigdtess
reactions. In this context, personality, contrdidfe and risk tolerance are particularly importg&thandry,
2016; Kovaleva, 2012). These data are collectelizin standardized questionnaires before the genso
measurements and included in the evaluation.noped that this will identify particularly vulnerabgroups

in terms of stress to gain knowledge about barti@rsquality for cyclists. Further insights can dmned
from the increase in cycling behaviour. According3eller (2009), cyclists can be divided into fguoups:
“the strong and fearless”, “the enthusiastic andfident”, “the interested but concerned” and “nawte, no
matter what” (Geller, 2009). An overview of the chgteristics is given in Table 1. The transitioesieen
the groups should be viewed dynamically.

Group Fearless The enthusiastic and The interested but No chance, no matter
cyclists confident concerned what
(Everyday cyclists) (Interested cyclists)
Characteristics e cycles e Drives daily routes, ¢ No everyday « No cycling in
always « confident, medium  cycling general
- safely, safety needs e Safety concerns
confident . Open_minded
towards bicycles
Riding skills Excellent Confident, partly Less sovereign Poor control of the
control of the defensive because ¢ bicycle, lack of riding
bicycle security experience
Stress tolerance | high medium low very low

Table 1: Types of cyclists (Geller 2009), own prdgagon.

In terms of cycling promotion, it is interesting fmojects such as ESSEM to focus especially orstiess-
ful experience of the "interested but concerned".

3.2 The construct of stress

Stress theories differ in terms of adaptability aperationalizability. Stress always arises whepetding
on the theoretical underpinning, the physique gstas-a-reaction) or psyche (stress-as-a-stimulagass-
as-a-transaction) has to muster resources to osegronmental stimuli. The most prominent is the
transactional stress model according to LazarusQl%ut at the same time, it is also the most pte;
since stress always arises situationally in theradtion of people and the environment. On therdthed,
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there are stress-as-a-reaction models (Selye, I®thon, 1932), which examine the physical reatstio

an external stimulus (Bercht, 2013). Critical hesghe assumption that a stimulus "stresses" alplee
equally (Lyon, 2005). The third group of theorigdich understands stress as a stimulus, focusdbeon
psychological effects. Here, it is assumed thatettage "critical life events" (Holmes, Rahe, 19679t are
objectively trigger stress to some extent. Duedwetbpments in emotion research in this field, stress-
theoretical basis of this paper is more in linehwihodels from the stress-as-a-reaction perspec-tive
However, subjective components are included irddta collection and analysis.

3.3 Influence of street space on the subjective perceph

Safe infrastructure can be named as one key catdrilto the promotion of bike traffic in cities (Reolds,
2009; Di Gioia, 2017). Here different design sauo8 are discussed controversially in the light arfflicts
in the use of street space, and space restridbionalso about safe and qualitative bike infraeftme (Hull,
2014; Autelitano, 2021; Van Petegem, 2021). Traffiegineering, therefore, was mostly focused on
objective traffic safety, focusing solution findirfgr certain street designs on the analysis of dartti
statistics and fluidity of motorized traffic. A mecomprehensive evaluation of safe mobility intimasture
and in particular bike infrastructure today dis@ssthe aspect of subjective safety in additionuangjfiable
objective traffic data (Go6tschi, 2018). Subjectbadety among other aspects takes a look at howet steers
feel in certain contexts, or if they are overwhalniyy other road users, like cars. Multiple studibsw the
extent of research and debate on the topic (Volpisgel, 2022; Aldred, 2018; Beck, 2021; NilsenQ£20
All'in all the subject takes into account the seofseecurity and besides positive per-ceptions ditenfort,
or well-being, the feeling of aforementioned stress

Today the aspect of subjective safety, or rathéx aad comfortable design solutions finds recognitin
more and more design manuals of bike infrastrudtkeethe Dutch “Crow Manual”, especially consideg
more vulnerable groups of cyclists like childrenetaerly people (De Groot, 2016). In Germany, tBSV
(Forschungsgesellschaft fur Strassen- und Verkedgsyaddresses the topic of subjective safety,gtindu
can be argued that it's still not implemented ie tdesign solutions of its manual for bike infraisture the
ERA (Empfehlung fur Radverkehrsanlagen) or it's oelrfor city streets, the RAST (in German: Richdim
fur die Anlage von StadtstraRen/ “Guidelines far tdonstruction of urban roads”). This shows th&h @ad
an extensive analysis of the stress experiencambidain cycleways, or rather certain street desiuations
are still missing. This data and the aspect ofexibje safety have to be evenly balanced with otlatat like
accident statistics, or the capacity of streetgieand intersections for all street users, e.gekts® concerns
of pedestrians and other social uses of urbantstbesides mo-bility have to be highlighted (G&bl15).

4 DETAILS ON ESSEM

The “Emotion Sensing for (E-)Bicycle Safety and Mibp Comfort, ESSEM” project, the subjective safet
perception of cyclists in urban traffic. The prdjeans to increase the comfort and safety of cigchsid thus
contribute to sustainable and climate-neutral nigbiln a triangulation process consisting of itera and
sensor-based surveys of environmental and bio-plygical data and standardized questionnairesssstre
points in the local bicycle infrastructure are logidentified, analyzed and evaluated. The two maeiteds
are Ludwigsburg and Osnabrick, in each around 880persons participate during the three-year grroje
period (2022-2025).

The project data collected will be used to devetgzhanisms for measuring safety, the percepticafetty
and mobility comfort in cycling, based on the ungieg infrastructure, environmental influences, the
cycling equipment used as well as the cycling asmiss. The insights gained will help to identify
optimization needs for (e-)bicycle infrastructueesd components. This will promote modern, userreent
and data-based cycling planning and further advanegonmentally sensitive traffic management (UVM)
in Osnabruck. In the long term, the project aimglégelop an innovative, and above all, practical tbat
can be used to review and optimize urban cyclifigatructures.

5 METHODOLOGY

A triangulating procedure between methods (Fli€lQ8) is used to research the stress experienoelists.
With this method, the disadvantages of one metlaodbe compensated for by the addition of anothenglu
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data collection, analysis and interpretation. Tigjexctivity and complexity of the research objearjuire a
methodological procedure that reflects these cistantes (cf. Chapter 3.2).

The following Figure 1 provides an overview of thethodological approach. Triangulation was useithén
study for data collection (standardized as welbpen, sensor data), analysis (spatial and statistnd
interpretation.
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Figure 1: Scheme triangulating process, own prasient

5.1 EmoCycling

Measuring stress in terms of response is feasdllepugh theoretical limitations must be accept&io-
logical indicators are used to identify momentswwéss (MOS). When confronted with a stressor htne
man organism regulates endogenous stress responestablish homeostasis. These responses ard-detec
able through a variety of body-related parametes are recognized as a proven method for measuring
stress from external stressors. These include @edse in electrodermal activity (EDA) and a deseeia

skin temperature (Kyriakou, 2019; Schandry, 20B@)sed on the functioning of these biosignals, kioa

et al. (2019) developed an algorithm that can dgteople’s MOS using wearable biosensors. The bio-
sensor wristband “E4” from the company Empatica wsed to measure the biosignals. The data is tollec
ed in an app (e-diary) on a smartphone. The réesaldatabase in which one line corresponds tsenand

of the measurement period and provides informadloout a MOS (yes/no) and its geographic coordisjate
which can thus be read and visualized in a geograptormation system (GIS).

The procedure of recording biostatistical data meareferenced manner and following the visualiratn
maps goes back to Christian Nold (2009). The “eomati cartography” (Nold, 2009) allowed humans and
their physiological responses to serve as a kinseasor for the first time, recording the statestoéss or
arousal in an urban context. Different developménthe technology itself (e.g. storing of measuEtsiA
and ST in smartphone application) and the methggofe.g. including ego-perspective cameras) haggen
since then accumulate under the term “EmoCycliZgilé, 2016).

5.2 Standardized questionnaire

Additionally, “EmoCycling” a standardized questi@me based on validated scales of mobility in Geryna
(2019) from the BMDV (Nobis, Kuhnimhof, 2018), Leiz Institute for Social Sciences (GESIS) and
Geller's (2009) types of cyclists was developedetmnrd endogenous factors. The questionnaire wet tos
collect information about the person and his or saiodemographic background as well as psychabgic
characteristics in addition to traffic behaviouffie personality of individuals is traditionally demined
based on the so-called Big Five, which consisthefcharacteristics of extraversion, neuroticispermess,
conscientiousness and agreeableness. The Big FEveoasidered to have good predictive power fotager
aspects of life. The level of control beliefs dédses a person's belief that he or she has coniel \aarious
situations and that these are the result of hiseoractions (internal) or that fate, coincidenaespowerful
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others are responsible for the occurrence of cedgéents (external) (Rammstedt, 2012; Ko-valevd,220
Beierlein, 2014). The degree of control belief igsedevant factor in the evaluation of a stress tieac
(Brosschot, 1994).

5.3 Implementation and analysis

The data collection of ESSEM is divided into diffiet phases in each city. This paper presents sefsain

the first period in Osnabriick which took place iep&mber 2022. 30 Participants were to fill in the
standardized questionnaire and then were equippédtiae sensor wristband and the smartphone which
collected the measured EDA and ST. In the followihgy collected their data on bike rides in thziy-to-

day life within two weeks. More detailed information the former phases of the project can be fonnd
Zeile et al. (2023).

For the data analysis, so-called heat maps wesdettebased on the MOS and endogenous factors. This
makes it possible to gain insight into the locagiavhere a large number of MOSs of different indinal$
occurred. Further analyses focusing on the endaegeffactors of the participants were performed by
appropriate statistical analyses. In the first s@@p overview of the distribution of the expressiomas
obtained. For this purpose, the distributions efaélkpressions and the MOS were examined (cf. Tlgble

In this paper cycleways on major streets in citvh a higher amount of motorized traffic are exaed and
correlations between stress levels and certaingdesolutions like advisory bike lanes, or “sharrgws
separated and protected bike lanes are furtheriegdmTo further examine the underlying hypothélsa
protected bike lanes and distance to other roats {seg. cars and pedestrians), different desidrisike
infrastructure in Osnabriick are superimposed with data of the stress levels through the EmoCycling
methodology. Major urban roads are selected bedaeis=design solutions differ the most. On mindesi
streets designs mostly call for mixed traffic areherally speaking can only differ in ordinance like
Bicycle Streets, or more precisely the German “FadstralRe ". Major arteries in cities on the otteerd are
characterized by high traffic volumes, and highesiseand are oftentimes the most direct connectamn A
to B. Therefore, the analysis of subjective safeiycerns concerning design solutions for this kafid
infrastructure is of great interest. The analfstises on the areas in Osnabriick (cf. Figure @)s& areas
show different streetscapes which made it suitidsleur analysis.

(1) Berliner Platz is located at the eastern enith@inner-city ring road “Am Wall”. It is charactsed by an
extremely high vehicle load (evening peak with 3.§8hicles/h and 345 bicycles/h). The bike lanestiyo
show widths below standard, partly < 1.5m. In ddditbus lanes and high pedestrian volumes exaieerba
the use of space (Heinke, 2022).

(2) Katharinenstral3e is one of Osnabrick’'s “BicyStecets” with mixed traffic. It originates in theest
outside the inner-city ring and ends at the inngr#ing. To reach the city center waiting at traffights is
necessary. Katharinenstraf3e is highly frequentednarrow for cycling volumes (pulks), overtakirgyriot
possible. Left turners have no striping/space atdaravoid possible oncoming traffic (Heinke, 2022)

(3) Lotterstralle/Am Wall: This intersection is ltexh in the northwest of the city center. Very htggiffic
volume and the lack of objective safety alreadylted in a temporary reconstruction (From the forie
bike lane was moved to the edge of the roadwayismbw protected. Currently still under construetio
which narrows the space. From the other directtbascyclists either ride on the bike lane in theldie of
the road (from the west) or on the bus lane (froengouth) (Heinke, 2022).

6 RESULTS, PRESENTATION AND DISCUSSION

30 persons were registered for the data colleclibnee were prevented from attending at short adiecd
one person had not completed the questionnairthisncontext, a pseudonym to anonymously match the
MOS and the information from the questionnaire wasated. Table 1 provides an overview of the
composition of the sample.

In the selection of participants, care was takeartsure gender parity. This is reflected in theganThe
average age was 45 years. Of the participants, #¥%@ university degree, and the educational lemelbe
classified as fairly balanced. In terms of cycltgges, there is a preponderance of everyday cydif§i%),
followed by interested cyclists. Most bicycles pmvered by muscle power (60%). Overall, transpianat
infrastructure is rated as poor (46% find thiseatst poor). On average, participants were moréylicebe
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extraverted, neurotic, and open-minded. The chaniatits of conscientiousness and agreeableness wer
rather low. The level of internal locus of contmés more pronounced than the external locus ofralont
People tended to be viewed as more likely to beltbat they are causally responsible for theioastrather
than external forces. In addition, people are nhkedy to be risk averse (62%).

The 26 participants had a total of 11,996 MOS afthustment. Average 461 MOS. The median is 448. Th
range is from 108 to 1205.

Variable Description Nparticipants=26 Nwmos= 11996
(in %) (in %)
Fla Age (>45) 54 61
Flb Gender (female) 46 46
Filc Education, high 42
Cyclist Cycling types
No chance no matter what 0 0
Interested cyclists 27 22
Everyday cyclists 70 68
Fearless cyclists 3 10
Drive Type Type of drive of the bike
Conventional 60
electronic 40
Bike Type Most commonly used
Trekking bike 42
City bike 31
Situation Evaluation of the situation for cyclists in Osnatki
very good, good
satisfactory 0
sufficient 12
poor 42
insufficient 31
15
F4a Big Five personality traits
Extraversion (above average) 54 52
Neuroticism (above average) 69 75
Openness (above average) 65 68
Conscientiousness (below average) 73 77
Agreeableness (below average) 58 59
F4b Conviction of Control
Internal (below average) 62 54
External (below average) 81 54
F4c Risk affine 62 59

Statistical key figures
¥ = 461 MOS% = 443 MOS;{min; max}{108; 1205}
Table 2: Descriptive Analysis of the sample, owltuaiations

Figure 2 shows the heatmap of the MOS in downtownaDriick. After evaluating the interconnections of
the volume and the bicycle infrastructure at théspaots, no significant difference could be foundheT
underlying hypothesis that protected bike lanesehavpositive impact on cyclist exposure could net b
confirmed in this case. Here further research &daed as analysis of a short strip of around 15@meit
Heger-Tor-Wall did not show any MOS. Another crlidiading is the occurrence of hotspots especiatly
intersections, where different vehicles cross,e@generated, and the situation is confusinga8ans like
this a further examined in the following.

In further examination, the situation and potensiaéssors at those spots have to be observedcaritiera
systems. Surely factors such as time of day andtyaf vehicles must be considered to obtainracee
differentiated picture, especially on the effecsteetscapes, especially the design of bicyclashfucture.
Therefore, a comparison of morning or evening peakdifferent cycling infrastructures would be
favourable.

The analysis of the three study areas showed tlewifog results, underlying some early findings thé
research conducted concentrating on two major satgions and Katharinenstrasse a main bicycle route
converted to a “Fahrradstraf3e” in 2011 (Marten§,120

Rkl 2.
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Figure 2: Heatmap of the MOS in Osnabriick with ®ateas (1:20,000). Own figure based on OSM cartbib. 21.06.2023

As Figure 2 shows, the Berliner Platz (1) showshilghest accumulations of MOS in the research drea.
main intersection is characterized by high amowontsotorized traffic connecting the ring around thigy
center with one main artery leading out of the titythe east, the WittekindstralRe. Including thennfaus
routes the intersection also handles high amounkske traffic, as the data shows. Besides dedithigs
lanes, the distribution of street space is mostiyithated by 4-6 lanes, including turning lanesnatorized
individual traffic. The bike infrastructure here dharacterized by painted bike lanes and no separat
construction by bollards, curbs or other measukeshe same time turning lanes for car traffic eressing
the bike lanes and cyclist turning left are expgdtewait in the middle of the intersection waitifay their
signal.

“Berliner Platz” (cf. Figure 3) can be named astandard example for the design of many major
intersections in German cities, including desigoicks standardized by main guidelines like the RABat

are discussed in the section above (FGSV, 200& .affount of MOS in this area shows the need tanteth
design choices in the light of subjective safety dhe general quality of bike traffic especially in
intersections. Further analysis aims to prove thipothesis mentioned above, questioning intersection
designs mainly focused on red paint with no reatqutive measures, besides aspects like traffiecspad
street width.

Another main intersection in Osnabruck that shomilar characteristics as Berliner Platz in its spat
relationships within the city, the inner-city rirand outgoing main streets, here the Lotter Strable.
intersection Lotter Strasse, Natruper-Tor-Wall () figure 4) was redesigned converting one turtémg

into a designated and protected lane for bikeitraff

On the other hand, the number of turning lanesthedjeneral design of the intersection is very canaiple
with the situation at Berliner Platz. The reseatloles not provide data before the redesign, butMies
analysis shows some evidence towards improvingsteyvels in comparison to “Berliner Platz”, whicdn
be related to the redesign of the northern lednefimtersection. To confirm those findings furthealysis is
needed evaluating the questionnaires and othercdatparing the findings at both intersections.
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Figure 4: Photos of Lotter Strasse — Natruper-Tait\(left) and Bicycle Road Katharinenstralle (rigiMpaximilian Heinke)

All in all, the data shows high amounts of stremgels or rather high accumulations of MOS. Relating
problems in the design of those major intersectlitsthis are discussed in literature and mobifignels
under the aspect of subjective safety. Here predetttersections and roundabouts standardized tohDu
traffic guidelines (Rik de Groot, 2016) can be ndras a possible design solution, that needs tatbleef
examined using the methodology detailed in Chaptexdding quantifiable data to the discussion afdro
distribution objective and subjective safety off@iént street users, especially considering thalsexd
pedestrians.

KatharinenstraRe (3) shows rather interesting fligsli The street was redesigned as a bike strdlet sti
allowing motorized traffic, but giving cyclist prity. The data shows high amounts of trips using
Katharinenstrasse on different routes leading feast to west. At the same time, MOS data showrath
high amounts of stress. A closer examination ofdtieet shows a high number of cars parking at-a 45
degree angle with the street switching sides frarthnto south in between parking cars. In genele,
street isn't characterized by high amounts of mipgat traffic, so other possible stressors neecetéutther
examined through questionnaires and further daddysis. At the same time the legal set-up of thieyBle
Street” can be questioned concerning qualitatike bifrastructure not accompanied by real desiganghs
including the reduction of street-side parking.

7 CONCLUSION

Contributing information to inhibiting factors of/ding was the main aim of this study. Embeddedhi
project “ESSEM”, funded by BMDV 26 cyclists wereuggped with sensor wristbands which measured their
stress level whilst cycling in Osnabriick. In geheabnost 12.000 so-called moments of stress (Més)d
be identified, geolocalized and visualized. TheHer analysis emphasized three “stress hotspotstantine

2

o REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
REAL []e):1d Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities
B (NN o




Céline Schmidt-Hamburger, Thomas Eltner, Peter Zblilea Haug

cycling infrastructure differs. In doing so no mengble results concerning the streetscape coufmbbeed
out. Meaning MOS showed up on protected bike linesnixed traffic and so on. Most of the hotspats a
located at intersections, where different moddsanfsport meet and the situation is unclear.

8 OUTLOOK ESSEM

Data analysis at this point in the project showsesa limitations to significance. The study desigguired
participants to ride bicycles in everyday life tder out MOS associated with study participatiortudy
effects"). The marked variation in routes and ttaees severely limits the comparability of paip@nts’
MOS patterns. Further research should focus on adnip street patterns at peak times to provide more
detailed information and opportunities to restruetintersections, e.g., to make traffic signal tignimore
bicycle friendly. Further, after analyzing the resitaken, it seems obvious that some streets or @eéas
were avoided completely because participants kmeadivance that it was not convenient to ride adbcy
there. An important example is “Am Wall”. This asgution was substantiated by responses from
participants at a workshop in July 2023. Additidngbatterns of MOS by various personal disposgisaoch

as gender, age or bicyclist type could not be damed for the time being. In addition to the smalinber of
participants, the ratio of MOS to the number ofyble trips made by bicyclists must also be intezptahto

the evaluation in order to conduct a meaningfuigtteal analysis. It is worth mentioning that tlsisidy and
the other studies conducted by ESSEM focus mainlthe cycling domain at this point. In future sesjiit

is important to consider the entire transportatipgstem when considering emotional responses.

These limitations will now be addressed in the wpiog project phases starting in September 2023t,Fir
more test rides will be conducted, increasing thalmer of participants from 26 to about 120. In &ddi a
study design with pedestrians is being considefed.account for the non-comparability of the results
provided and to allow studies to examine the rdigpersonal dispositions, an additional study widl b
designed for spring 2024 to provide reference &lddis study will be conducted during rush houitl w
follow a pre-designed route that includes bypassedets such as the inner ring road, and will be
representative of all participants who participatedhe prior studies. In a complementary way tatish
analysis, the data analysis is carried out by mednstatistical group comparisons and cluster aialy
(Schmidt-Hamburger, 2022). The aim here is to cohdu in-depth analysis focusing on the qualityhef
perception of negative emotions as inhibiting festfor cycling in Osnabruck.
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