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Recently it becomgincreasingly more crowded on the cycle path, especially in high urban
areas.About 10% of the cyclists have problems with ttriswdednessThe increase in
intensity of cyclistss dueto a number of measures, such as the construction of many fast
cyclingroutes, discouraging measuresreducethe use of the car in the cityand the
availability ofd h-& A O& Of S¢ ® CdzNIi KfpadvMedlistBvenyieSike, SidhmsizL Ja
elderly people, people who traveled by bus or treand people with a nonwestern
badkground There are clearly people who sometimes find it too busy on the bike path and
therefore decide totake a different mode of transportt alsoappears that the intensity

level has an influence on the safety and comfort experience of usessmprtant to avoid
that it becomes too crowded on a bicycle pathd more people are going teade in the

bike forother means of transporsuch as the byor car

Whether a bicycle path is crowded, is now determined on the basis of a few guidelines

concernng the width of the bicycle path and bike intensity. If the bicycle path is too narrow

for the measured intensity, the bicycle path is considered to be too crowded. However, it is
questionable whether users also find it crowded on that bike pattcordirg to the

crowding definition itisinappropriate to determine the crowded level this w&rowding is

seen as a negative evaluation of density or number of encountdrisassessment is done

with an opinion that the observed number is too high for the area that is occupied. Because
ONRPGRAY3I Aada | @FftdzS 2dzRASYSYy (> Aldintedns&FaSy d
determining the perceived level of crowdingne need to know more about the setting,

desired activityand the individuals making the evaluation

Measuring the perceived crowding, safety and comfort is seencagjaitive complex task
which is hard to understand for the respondent. This can be the wasea a large number
of attributes is included in the research, which shibbe obtained by the respondenth@&
use of visualsan help in presenting a wide range of varialdad can lower the cognitive
complexity for the respondent$Several literature Isow that the best way to measure the
perceived crowding, safetgnd comfort is in a visual way. The chosen attributes based on
literature are: intensity level of gjists, level of duo cyclists in the same directi@vel of
duo cyclistsin the other diection, land use, pedestrian level of activity, vegetation next to
the bike path, intensity of car traffic, bike patvidth, and color of bike pathThestated
preference experimenthat was designed based on these attributess completed by
1,210 respodents The respondentsaluatedfor each profilethe perceived level of
crowding, safetyand comfort.The profiles were shown as short virtual vidébS seconds)
In thevideosthe perspective of a cyclistgasshown on a two way bicycle path.
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The resus show that all the chosen attributes have a significant influence on the valuation
of the perceived crowding, safety, and comfort. The intensity of the cyclists on the bike path
has by far the biggest influence on the perceived level of all three dependeiables.

Further the bike path width seems to be a very imamttcontributor to the dependent
variables. The rest of the attributes have a more varyingiroterms of influence on the
perceived level of crowding, safety, and comfort. The intensity of cars next to the bike path
is for instance an important contributor to the perceived level of crowding, vegetation plays
a bigger role in the valuation of tierceived level of safetyand the color and level of duo
cycling are more important for the cycliSiserceived level of comfort. F@ach variable, it

was checked whether there are differences between groofpgspondents. The grouping of
respondents wa based oranswersgiven on various questioni has been found thatitere

are significantdifferencesbetween groups in the valuation of the dependent variables.

This results of this study can help, as an information source, in the seativh taicyclepath

of the future. Out of the results can be concluded that in order to minimize the perceived
crowding and to maximize the perceived safety and comfort: the cyclist intensity should be
low, all cyclists cycle behind each other, the cycle path is |dcddevntown, there are no
pedestrians next to the cycle path, bushes border the cycle path on one side, car traffic next
to the cycle path should be minimalized, the cycle path width is on the other hand
maximized and executed in the color red.
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De laatste jarems het steeds drukker geworden op het fietspad, vooral in stedelijke
gebieden. Ongeveer 10% van de fietsers heeft hier problemen mee. De toename in
intensiteit van fietsersvordt veroorzaakt dooeen aantabebeurtenissenzoals de aanleg

van vele snelle fietsroutes, ontmoedigende maatregelen om het gebruik van de auto in de
staden het succes valOV-fiets". Bovendienontdekken nieuwe groepereizigersde fiets,
zoals ouderemnlie langer fietsenmensen die per bus of traneizen en mensen met een
niet-westerse achtergrond-ietsgebruikers hebben duidelijk last van de drukte op
fietspaden en kiezen daarowakervoor een ander vervoersmiddel. Drukte ligadk van

invloed op de veilighei en comforbelevingvan gebruikeryanhet fietspad Het is

belangrijk om te voorkomen dat het te druk wordt op een fietspad en dat meer mensen de
fiets inruilen vooreen ander vervoermiddel.

Of een fietspad druls, wordt nu bepaald aan dend van enkele richtlijinen gebaseerd op
de breedtevan het fietspad en de fietsintensiteit. Als het fietspad te smal is voor de
gemeten intensiteit, wordt het fietspad als te druk beschouwd. Het is echter de vraag of
gebruikers het ooklaadwerkelijk druk vindeop dat fietspad. Volgens d#efinitie van

drukte is hetniet voldoende om zo hetiveau vardrukte te bepalen. Druktgvordt gezien

als een negatieve evaluatie van een dichtheid of aantal ontmoetingen. Deze beooideling
gebaseerd op een menin@m hetniveau vardrukte te bepalen moet men meer weten
over de locatiede gewenste activiteit op die locatie ate personen die ddetreffende
situatie waarnemen.

Het meten van de waargenomen drukte, veiligheid en comfort wordt gezien als een
complexecognitieve taak, dat is een taak die moeilijk te begnjjgvoor de respondent. Dit
kan het geval zijn wanneer een groot aantal attributen in het onderzoek is opgendteén
gebruik varbeelden en dus de variabelen in een visuele vorm uitvoekam helpen bihet
verlagen varde cognitieve complexiteit voate respondentenDe gekozen attributen op

basis van literatuur zijn: intensiteitsniveau van fietsenste vanduo fietsersn dezlefde

richting als de waarnememate van duofietsersin tegenovergestelde richting dan de
waarnemer grondgebruikfunctie, voetgangers naast het fietspadegetatie naast het

fietspad, intensiteit van autoverkeer , fietspad breedte en kleur van het fietdgatimet

behulp van de genoemde attributen ontwikkel&ated Preference experiment was volledig
ingevuld door 1210 respalenten. In elk profiel beoordeeldeteze respondentede
ervarendrukte, veiligheid en comfort. De profielen zijn aan de respondenten gepresenteerd
Ffa 12NIS @5 debodddridS L PA RS2 Qa3 gARS2Qa 41 & KS
weergeven op een twedchting fietspad.
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De resultaten laten zien dat alle gekozatributen vaninvioed zijn opde waardering van de
ervarendrukte, veiligheid en comfort. De intensiteit van de figtsep het fietspad heeft
veruit de grootste invloed op alle drae afhankelijke variabelen. Verder lijkt de breedte van
het fietspad een zedvelangrijke rol te spelehij het bepalen van € afhankelijke variabelen.
De rest van de attributen hebben een erevariérende rofuainvioed opde beleving van
drukte, veiligheid en comfortan fietsers De intensiteit van auto's naast het fietspad is
bijvoorbeeld een belangrijkiactor bijhet bepalen vardrukte, vegetatie speelt een grotere
rol bij de waarderinggan het veiljheidsniveau en de kleur van het fietspad en de mate van
naast elkaar fietseaijn belangrijkebij het bepalen van hetomfort level voor de fietser
Voor elke variabele werd gecontroleerd of erschillen tussen groeperan respondenten
waren. Er is vastgesteld dat er verschillen zijn tussen groepen in de waardering van de
afhankelijke variabelen.

De resultaten van dit onderzoek kunnals informatiebron helpen bij het zoeken naar het
‘fietspad van de toekomstUit de resultaten kan wordegeconcludeerd dat om dervaren
drukte te minimaliseren en dervarenveiligheid en comfort te maximaliseren: dgensiteit
van de fietseslaagmoet zijn, alle fietsers achterlleaar fietsen, het fietspad in het centrum
van de stad ligter geen voetgargysnaast het fietspad lopergan het fietspad struiken
grenzenhet autoverkeer naast het fietspageminimaliseerdvordt, de breede van het
fietspad daarentegegemaximaliseeravordt en uitgevoerdvordt in de kleur rood.
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Recentlyit has become increasingly more crowded on the cycle ipagspecially urban

areas thishasa negative side. Recent research has shown that almost 10% of the cyclists
have problems with busy cycle paths. About half of the cyclists choose sometinieseatdif
route to avoid crowdedness and about one third of the cyclists leave the bike sometimes to
choose other means of transport because of the crowded bicycle paths. It appears that the
intensity level also has an influence on the safety and/or comkgrérgence of users.

Measuring the perceived crowding, safety and comfort is seen as a cognitive complex task.
The use of visual images can help in presenting a wide range of variables and can lower the
cognitive complexity for the respondents. The chog#ibates based on literature are:

intensity level of yclists, level of duo cyclists in the same directievel of duo cyclisia the
opposite directionland use, pedestrian level of activity, vegetation next to the bike path,
intensity of car trafficbike path width and color of bike path.stated preference experiment
was completed by 1210 respondents in which they valuated the perceived level of crowding,
safety and comfort. In theideoexperiment was the perspective of a cyclists shown on a two
way bicycle pathThe results show that all the chosen attributes have a significant influence
on the valuation of the perceived crowding, safety, and comfort. The intensity of the cyclists
on the bike path and the bike pathdilh have the biggest influeecon the perceived level of

all three dependent variables. The rest of the attributes have a more varying roll in terms of
influence on the perceived level of crowding, safetyl comfort. This research may be seen
as a contribution to crowding understainds on the bike pathlhis results of this study can
help, as an information source, in the searcthi 'bicycle path of the futureOut of the

results can be concluded that in order to minimize the perceived crowding and to maximize
the perceived safg and comfort: the cyclist intensity should be low, all cyclists cycle behind
each other, the cycle path is located downtown, there are no pedestrians next to the cycle
path, bushes border the cycle path on one side, car traffic next to the cycle patt bbo
minimalized, the cycle path width is on the other hand maximized and executed in the color
red.
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1. INTRODUCTION

1.1 Problem Definition

More and more people are living in citi€3BS (the DutcBentral Bureawf Statistic3
expects that threequarters of the total population growtn the Netherlandswill take place
in the large citiesintil 2030(CBS, 2016 his substantial increase in population brings a
number of challenges.

For example, the CROWie knowledge center for bicycle policies of the Dutch authorjties
predicts that without major measures many Dutch cities will clog up during the pedbds
in five yearsThis is a doublingompared tathe situation in 2016. According to CROWS is
because the focusf the Dutchgovernmentin recent years has beenainly on solving
traffic jams on main roads. Little attention has been paithteffects on urban
accessibilityAccording to the CROW doeas\sng these traffic jams with extra asphalt,
bridges,andtunnelsmakelittle sense, since the maximum capaatythe urban road
network has already been reach@dijman, et al., 2016)

The large concentration of cain cities also means that there is a lot of particulate matter
present in cities. For example, in the Netherlands thecemtrations of soot and heavy
metals along busy streets are two to three times higher than elsewhere with health
complaints and premature mortality as a result. Air pollution is one of the major causes of
cancer deathgKnol, 2014)The very poor air quality in the center of Eindhoven has
stimulatedthe municipality to implement a radical plan on one of the most polluted streets
to partially close the busy street for car traffic and to make more space available for
bicyclistsand pedestrias (Van Hoof, 2017)According to Leendert van Bree, policy
researcher at the Netherlands Environmental Assessment Agency, a healthy city means a
place wheregpeoplecan live long, healthyand in a clean environment. This requires not only
a policy and plans aimed at limiting health damage, but also action aimaioting

health and welbeing(Van Summeren, 2015)he increase of urban traffic congestion and
pollution in the city centers has led to a growing need for mobility alternatives.

The bicycle is seen as a very sustainable and healthy way of madbititye. Netherlands,his

has also been seen in recent years as an important mearesuce the traffic on the roads.

In the Netherlands61% of the inhabitants live within a radius of 15 km from their work.
Only 25% of these people use the bicycle as a means of transport to get to their workplace
(Fietssnelwegen, 20170 hisis enough reason fahe Dutchgovernment to make cycling

more attractive. For example, marfgst-cyclerouteshave recently been create&ast

cycling routes ensure that cycling becomes an attractive mode of transport for larger
distanceqLange, Talens, & Hulshof, 2017)

18| Page



Nearly all big cities pay special attention to bikes in their cities and want to stimulate this
transportation mode. For example, in Utrecht the bike gets priority within the design of all
new public spaces. In the most recent accessibility vision of hitréds stated that there

will be a good balance between accessibility, attractivenasd quality of life. The bicycle is
thereby seen as primary means of transp@@@emeente Utrecht, 2015 he city of

Eindhoven alspaysspecial attentionto the bike. In recent yearshe municipality investe@
lot of money in improving the comfort for cycligg&emeente Eindhoven, 2009)here are
also several prdike initiatives initiated by the Dutch govemnent or organizations to
stimulate bicycle usage instead of carusdge. 8 LISOAFA O SEI YL S A& We¢ NI
organizations. The employees of these organizatgwtsewarded with points every time
they biked to their work.They could exchangeir points for a gift card. Research has
shown that the bike usage rose with 13%I'NT, 2009)

More recently, the bike is undergoing a true revival. Especially in urban areas the bike is
regaining its popularity again. Accandito the KIM (Dutch Knowledge Institute for Mobility
policy) the bike as transportation mean in 2015 is used 9% more in comparison with the year
2009(Lange, Talens, & Hulshof, 2017ast year the amount of sold bikes meen again,

after years of decline. The popularity of the bicycle is mainly due to the continuous growth

of the amount of ebikes. Almost a third of all new bikes are electr{@armaat, 2018)

This growth has also a negaiside.Recent research has shown that almost 10% of the
cyclists have problems with busy cycle patksinckhof, Zengerink, & Avest, 2017)
Antisocial behavior is often seen as the worst annoyaiMest cyclists experience craling
at locations in urban areas andane third of the crowded cases it o@erns a highly urban
area About half of the respondents choosemetimesa different routeto avoid
crowdedness and about one thiaf the cyclists leave the bike sometimes tamoke other
means of transport because of the crowded bicycle p&snckhof, Zengerink, & Avest,
2017)

It seems that the bike as a transportation mean is becoming its own enemy in especially
urban areas. This could weakerethecent revival of the bike in the Dutch street scene.

1.2 Research Question and Objective

Earlier research mentionetthat there is more research needed to understand what
influences the perceived level of crowdi(lgunckhof,Zengerink, & Avest, 2017he bicycle
does not seem to be going down in its success yet in this resedtbbugh, it is important

to avoid that it becomes too crowded on a bicycle patfd more people are going teade

in the bike fordifferent means of transport This can be quite challenging, with the still
increasing number of cyclists in especially the very urban areas, but also on important
bicycle routesMore and more initiatives are being developed to search for the 'bicycle path
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of the future'. This is speciallytrue now that the bicycle is playing an increasingly important
role in cities(Provinciale Staten, 2018)

Relatively not much researebexecuted regarding the perceived level of crowding. Usually,
research is based avbjective crowdingwhich is practically the intensity of the cyclists in
relation to the width of the bike pathlhis is more executed as a guideline for planners.
Though, tiis in these cases uncleavhether cyclists experience such a cycle path as
crowded pathand perhap®ther attributes have an influena®o in this experienceSince

there are clearly people who sometimes find it too busy on the bike path and thertthee

a different mode of transport, it appears that the intensity level also has an influence on the
safety andor comfort experience of users. It would be interesting to measure whether and
to what extent thecrowdingon the cycle path affects these exjences Eventually the
following research question is composed:

AWhat 1 s the i nfl upathaaated attrilsuees enrthe | bi k.
perceived | evel of crowding, safe

In order to be able to answer the above stated question, the followirdgd 1 lj dzZSad A2y a |
defined:

What is crowding?

What is crowding on bicycle paths?

What has previous research on crowditog bicycle paths demonstrated?

How can the perceived crowding, safety and comfort for cyclists be measured?
Which attributes influencethe perceived crowding, safety and comfort by cyclists
on bicycle paths?

= =4 =4 A4 A

The objective of the research is to gabreinsight irto the influence of attributeon the
perceived level of crowding, safegnd comfort ¢ bike paths Secial attentionis paidto
understandingof crowding on bike path Further the objectivésto develop a
simulation/animation which is credible for respondents. In a way that respondents can
observethe real worldin a controlled environmentAt last, the researcher could advise
authorities about important attributes influencing the perceived crowdisgfety, and
comfortbased on findings of this research.

This research has a few limitatioriarst of althe researchemwill make a selection of
interesting attributes to be reseahed based on literature. This means that not all possible
bike pathrelated attributes will be researche@ueto time limitations and skill level of the
researcher, the level afetail will be limited in the simulations. Last, is it important to
mentionthat the research is mainly focused on situations of Dutch bicycle paths. Crowding
on bicycle paths is something that occurs often in the Netherlands, in other countries this
plays a more modest role.
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1.3 Research Design

Crowding in general has been gto in existing literature for quite a long time alreadyne
FANRBG NBaS whabiKcrolvaing®a GaAA2tyTY oS | ya g SNBR dza Ay 3
also possible provide for any theoretical components of crowding, which can be used later in
the resarch. The general findings of crowding will be shown in parag2ghhCrowding on

bike paths is relatively less researched in a scientific way. The second research question

G2 KFEG Aa ONRPGRAYI 2y 0A080fS LI GKEAKET GAf
researches, but also other reports and findings. The goal of this part is to get a good insight
in the crowding issue on the bike path and what the possible reasons are for the recent
increase Further is being researched on what places it occurs amwdihis measured. The
crowding findings based on the bike path are shown in paragraph 2.3. Nexl| wik

G

0

relevant attributesbe stated, which might influence the bicyctisfi LISNOSA OSR  S@S¢

crowding, safety and comfort. This is done to inclafterwards the right attributes in the

next phase of the research. These findingssrewn in paragraph 2.5 to 2.To answer the
YySEG NBaSI MiwKeanittizfeicaive@ ofowding, safety and comfort for cyclists be
measured®, a few sources have ba reviewed. The researcheiowid likespecial attention

for this, since respondents need toview a quite complex situatio.hese findings are

shown in paragraph 3.2. Afterwards the stated preference experiment is constructed. In this
step there is speaal attention for the visualization of the used attributes. After the data
collection and processing are the results analyzed in chaptéfith.the help of these results
isthe main questiond 2 KI & Aa GKS Ay Tt dzZSyOS 2 Fonih S NI €

o

LISNOSAGSR S@St 2F ONBswétedy 3> al ¥FSde FyR O02YF

1.4 Societal relevance

Many peoplein Dutch society are involved in this topic, since a lot of Dutch people cycle
often. Former research has proven that most of the cyclists face sometimmesnvded

situation and about 10% of the population has problems with crowding on bike paths. This
research could contoute to the bike path of the fiure. The researcher could advise
institutionson how cyclistyaluate the perceived crowding on biketpaand how to ensure
that people do not change their bikes for another means of transfwith the perceived
safety and comfort)This can therefore ensure that the bicycle remairssigablealternative

to the carfor many peopleCities benefit from tht, because there are fewer cars in the city.
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2. LITERATURE REVIEW

2.1 Introduction

Before the researcher can start with the actual research, more information is needed to
make appropriate decisions. This chapter provides a review of the current literature in the
field of crowding on bike paths and several issues that are important reggtie topic and
research. Paragraph 2.2 is about crowding in general, since there are some misconceptions
what crowding exactly is. In this paragraph the concept of crowding and some different
types in crowding are explained in more detail. Paragraphs2aBout crowding on bicycle
paths. The first part of that paragraph will be about the cause of the bike usage growth.
Followed by determining where the problematic places are. Furthermore attention is paid to
previous researches about crowding on bikehsa The next paragraph will be about the
principle of Bicycle Level of Service. In paragraph 2.5 all the relevant attributes will be

AYUINRRdAzOSR GKFG YAIKG AyFtdzSSyoOoS GKS oA0e0fAa

level of safety this will®done in paragraph 2.6. Finally in paragraph 2.7 the relevant
attributes that might influence the perceived level of comfort will be presented.

2.2 Understanding Crowding

In many cases the concept crowding is used incorrect. The concept is often miwith up
the concept of density, both concepts are not the same. fbllewing is seen as the
RSTAYAGA 2 PensitFis sRdSs¢riptiveit@n thak refers to the number of people per
dzy A (i (ShelBy| \daske, & Heberlein, 199 definition of crowding is the following:

G/ NEPgRAY3I A& asSSy Fa | yS3Fraargs
encounterst (Stokols, 1972)

Densitycan be measured by observing people or things afiber that, compareheseby the
total areaoccupied This measuring is relative objective. Crowdsg negative assessment
of density. This assessment is done vdthopinion that the observed numbestoo high for
the area that is occupied. Because crowding is a value judgementften use as the

term Werceived crowdin@ Shelby, Vaske Bleberlein (1989) state that to determine the
perceived crowdig you will need to know more about:

1 the setting
1 the desired activityand
71 the individuas making the evaluation

To give an example of the above, suppose there are 5 people in an area one day and 50
people the other day. Density is in the second day clearly higher, but is the area more
crowded the other day? If the area is a big square in a city center it is boshnibdy
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crowded, but if the area is a small front yard, it may be considered as crowded both days.
The perceived crowding might be evaluated differently by various individuals. Regarding the
previous example it might be that people who live in a small @l&gluate the perceived
crowding differently in comparison with people who live in cities.

2.2.1 Personal space

Shelby, Vask& Heberlein (1989also state that human crowding has a lot to do with
personal space violations. This is an invisible and for each individual different amount of
space, which indicates the preferred distance frothers(Burgoon, 2006 Burgoon &Jones
(1976)concludel that people do not tolerate extended physical contact with other people.
Also people dislike being unnecessalgseto other members of the specieslumans have a
need for a certain degree of spatial insulation from other people.

Researchers talk about themmative distance, which is the distance that is acceptable for a
given communication context in a certain situation. The communication context is based on
several feature¢Burgoon, 20086)

1 Characteristics of the people who observe the situation, like geraige and status.

1 Characteristics of the interaction itself, like target of the interaction, formality and
intimacy.

71 Characteristics of the environment, includes the amount of space available, weather
and other things which might have an influence on behavior of people.

A research of differences in gender concerning spatial behavior indicates that females need
on average less personal space in comparison with males. Females can also tolerate closer
interpersonal contacts thamales(Baxter, 197Q)

The idea of a personal space gives a certain predictability and stability to an interaction

between two or more people. A violation of the standard, which makes the situation less
LINBRAOGFOf ST OF y Ol sds&of dontra[BeligghahS1976Whe 42 YS2y SQa
disability to control any activities and tmomes in situations with a high density may

contribute to the perceived crowding. An experiment by Rodin, Sologbtetcalf (1978),
concludeghat there is a causaklationship between the degree on which the activity can

be controlled and the perceived level of crowdiiMueller, 1981)

2.2.2 Neutral and personal crowding

Stokols (1976) statkthat there are differegesin crowding. Neutral crowding is defined as
interactions between person (P) and others (O), which are not directly derived from O, are
not specifically pointed at P and are perceived by P as being unintended. On the other hand
is personal crowding abdunteractions which derive directly from O are specifically pointed

at P and the person perceives this as planned and intentionally byfiQuital there are the
varieties about the differences in kind of crowding shown schematically.

23| Page



\ e
————— /
A. Neutral Crowding: B. Personal Crowding:
Space desired = Space available Distance desired >Distance available

-Figurel: Neutral and Personal varieties of crowding (Stokols, 1976)

Furthermore, there are differences in kind of environment where crowding takes place. We
specify two different environments, primary and secondary environments. Primary
environments are areas in which an individual spends a lot of time, the individual knows
others on a personal basis and the individual executes a lot of personally important activities
in this environment. Examples of primary environments are on the Wodk and in
a2YS2ySQa RgSttAyad { SO2YyRINE SY@ANRYyYSyGa |
who arerelatively anonymous. Examples of ttype ofenvironment are traveling to work

and shopping in the shopping méBtokols, 1976)With seconary environments Stokols

means public environments, where the needs for personal space will become less important
for people who are using that area, in comparison with the needs of myaigdection and
physicalsafety.

Tablel shows thdour different basidypes of crowding classified on whether the situation
is in a primary or secondary environment and if the crowding is on a personal or a neutral
base. For each type is a description, possible consequences and example shown.
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-Tablel: A typology of crowding experiences (Stokol€)76)

Primary Secondary
Violation of spatial and social Violation of spatial and social
Antecedents: | expectations in the context of expectationsn the context of
o continuous, personalized interaction | transitory, anonymous interaction
c
b= — . . ) , Annoyance, reactance, fear, modera;
® Rejection, hostility, alienation, high | . . .
= ) _ _ , intensity, low persistence and low
= | Experience: | intensity, persistence and .
- . generalizability, tendency toward
< generalizability A T« .
S Oy Sdzi NF £t Al F UA2YE
5 Behavioral withdrawal, aggression
& | Behavior: o _ ' " | Selfdefense, leave situation
passive isolation
Example Antagonistic suitemates occupying | Approach by threatening strangers o
Situation: mutual living space a crowded street
Violation of spatial expectations in th| Violation of spatial expectations in th
Antecedents: | context of continuous, personalized | context of transitory anonymous
interaction interaction
=2 Annoyance, infringement, reactance|
.g & oerionce. moderateintensity, persistence and | Annoyance, reactance, low intensity,
E P "~ | low generalizability, tendency toward| persistence and generalizability
3 AQLISNB2Y I T AL UGAZ2Y
5 Behavioral withdrawal, improve L .
Q _ L _ Improve coordination with others,
Z | Behavior: coordination with others, i i
. . augmentation of psychological space
augmentation of psychologicgpace
Example . ) Attendance of a crowded concert,
. Family confined to a small apartment _
Situation: laboratory experiment

2.2.3 Previous research about level of perceived crowding in other
fields

The perceived level of crowding has been studied quite a lot in a retail/shopping context.
This also is valid for the field of tourism, recreation, and events. Most of this research into
crowding has focused on the perceptions of the oanig and the effects crowding has on
their behavior(Kim, Lee, & Sirgy, 2018)he perceived level of crowding is a lot researched
in relation to pedestrians. Especially the pedestrian flow in urban environments is often the
subject of crowding researches.

(Li, Kim, & Lee, 2009pecified two differencrowding situations, these are human and
spatial crowding and can result in different emotions for the occupants. With spatial
ONR G RAY3I Aa YSfedfings af iésiictad piydical bodlynib¥ement due to high
spatial densityg (Li, Kim, & Lee, 2009V his kind of crowding can lead to negative emotions.
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With human crowding the following is meait:¥ SSf Ay 3a NBf I GSR (G2 KA3IK
reflective of sociahteractiong (Li, Kim, & Lee, 2009Fhis kind of crowding is the

crowdedness seen as wanted, for example at a concert. This kind of croddsyin most

of the cases to positive emotions.

2.3 Crowding on bicycle paths

Recently the bike is undergoing a true revival in the Netherlargfsedtally in urban areas

the bike is regaining its popularity again. According to the KIM (Dutch Knowledge Institute
for Mobility policy) the bike as transportation mean in 2015 is used 9% more in comparison
with the year 2009Lange Talens, & Hulshof, 201 Dast year the amount of sold bikes has
risen again, after years of decline. The popularity of the bicycle is mainly due to the
continuous growth of the amount of-kikes. Almost a third of all new bikes are electrical
(Termaat, 2018)The bike is especially used in trips till 5 Kast cycling routes ensure that
cycling becomes an attractive mode of transport for larger distaficasge, Talens, &

Hulshof, 2017)For example, recently the fast cycling route between Schiedam and
Maassluis is completed. The path is part of the regional cycle route between Rotterdam and
Hoek van HollandVlaardingen24, 2017Yhe bicycle will be a lot m® attractive for people

who live within cycling distance of their work in comparison with the car, with the renewed
connection(Vlaardingen24, 2017 lot of cities have policies that discourage the use of the
car in the citycenter. Several specific measures are paid parking, less room in the city for
cars anda ban of cars that exceed the pollution lirtiltheeuwen, 2017)

This regained interest and share of the bicycle in the Dutch street ssqraetly because
new groups discover the bike as transportation me@drenge, Talens, & Hulshof, 2017)

w 9f RSNI & LIS2LX S 02y Ay dzSdud® thdavaddbity oFe2 NJ | f 2y
bikes. For seniorgycling beomesmore attractive because of the availability ebikes E

bikes offermpeoplefastertravel with less physical effort. Additionallyis important to

mention that the age forecast has increased considerably in the Netherlands. People

generally become older and live longer without any physical limitations. A recent research

states thatby 2040, people are on average §garswhen theystart experiencing any

physical limitationgDe Zeeuw, 2018)

w tS2LXS gK2 dzaASR (G2 UGN @St 0 &stauwdgortaloN (0 NI Y Y
mean. This might be causég price increases in public transport. In the past ten years the

average prices for travelers in the public transport rose with almost 26 pe(da@rmans,

2017) In the period from 2010 till 2017 the total distance that Dupdople travel by bus,

tram and metro decreased with 3.5%. In the same period the total bike distance of Dutch

people increased with 5.8¢%BS, 2018)
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w ¢incBdme families more often live in urban areas within cycling distafieetrain
station.Cycling from home to the station is very common in the Netherlands. Aroun83%
train passengers do thafhe bicycle thus brings the train within reach, especially for
travelers who live one to three kilometers from a statignetsverkeer, 2003)

WINI St SNE dza S YANS Q2 LS WBH IOK WhedSAthd Detéhy | £ RS
NI AfNRIR O2YLI y&s &adANISRP ACYNJI IS yS NEA IO yi KNS yu
busy public transport hotspot for a relative cheap price. Last decade the usage of these bikes
KFa 3aINRgy fFNBSteéd LYy Hamt | G201 f{-0R2FSOdH YA
This bike is oftenged by train travelers for their final part of their trip and is for instance an
alternative for the bus or metr@Nederlandse Spoorwegen, 2018)

w a2 NB LIS 2 LiveStermbmakdtourtd dist@vet the bicyclae bicyclenasstill

status problems among this group of the Dutch population and some people are not able, or
are not allowed to cycle because of, for example, religious conviction. For people who are
unexperienced in cycling, some organizations organize with sucgegsydessons for

several years already, specifically for nmastern womenHarms L. , 2006)

w tNAYFINER a0Kz22f aiddzRSyda 32 Y2 NDBwhighisinddy G2 |
within walking distance. In ten yearsdlaverage distance to a primary school for students is
increased by 100 meters in the Netherla@BS, 2015)

Figure2 shows that bicycle use has increased by 36 percent since tha 98ds for all

journeys within Amsterdam. The car and public transport shares have declined in the same

period (Harms L. , 2017)n Nijmegen the morning peakse busy that it leads to a lot of

bike congestion and irritations. Harriét Tiemens who is deputy mayor of mobility in

Nijmegen says that the municipality of Nijmegen wants to eliminate the growing number of

bicycle congestions in the city. Although shpleased that more and more people are

taking the bike in Nijmege(De Gelderlander,201®) | | NY&a ounmt 0 adl adsSa
AKATOQ Ay GKSaS OAGASE INB LI NILfeée RdzS GKS OK
anti-car policies. In the same time is the popularity of the bicycle in rural areas decreased.

The population decline and the fewer number of facilities in the neighborhood might be a

good reason why the bike is not that popular anymore in these regions.

27| Page



1986-1991 1994-1997 2005-2008 2013-2014

= auto fiets
— |open == brom-/snorfiets
oV

-Figure 2: Number of trips (x 1,000) from/to/within Amsterdam by residents per working day by means of
transport in period between 19862014 (Gemeente Amsterdam, 2015)

2.3.1 Problematic places

Recent research has shown that alm@8®86 of the cyclists have problems with busy cycle
paths. Antisocial behavior is often seen as the worst annoyance. Especially the unnecessary
cycling side by side is disliked by a lot of people. Most cyclists experience crowding at
locations in urban areaand in 33% of the crowded cases it concerns a highly urban area
(Munckhof, Zengerink, & Avest, 201When it is crowded on bicycle paths, cyclists find it
annoying that they have to wait a long time at traffic lights. Unablbike at the desired

speed is also disliked by a serious amount of people. About half of the respondents choose a
different route to avoid crowdedness. About 33% of the cyclists leave the bike sometimes
hometo choose other means of transport becausfieghe crowded bicycle path@unckhof,
Zengerink, & Avest, 2017)
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The busiest cycle paths are located in urban areas, mainly in large cities. Also some smaller
municipalities have problems in their centers regardingaaed bicycling paths. Several
touristic zones are experiencing crowding issues on their bike paths. It can also be quite
crowded on connecting cycle routes betwette centers ofdifferent cities. The moments of

the largestcrowds in urban areas are thec{®ol) peak hours, where the morning peak is the
most crowded. The most crowded bicycle paths in the urban aretbbaated(Lange, Talens,

& Hulshof, 2017)

w Ly {KfSite®Sy i SNJ
w !0 AYyGdSNESOGA 2 ythiand, gspecidiNBhera drg/lahg wakirgy NhekJS R S &
w hy NRBIRa 6AGK ftAYAGSR 6ARUGKEZ

w Ly aidNBSia 6AGK YlIye RAFTFSNBYyG dzal-3S Fdzy Oi
usage and bikeisage),

w hy NRdzi$a (2 &adlidrzyd FyR SRdOFGA2YIE AYal

w hoyinedlions such as bridges and tunnels over barriers such as rail, water or main traffic
routes and especially when there are few such links.

The most problems occur in bigger cities. For example, in Nijmegen, Utrecht and Amsterdam
the bicycle share incread strongly in relative and absolute amou(ttarms L. , 2017The

Dutch annual bike count week (Fietstelweek) has demonstrated that several locations in
these cities have a very high bike usage intensity. This research d&ated that this is

also the case in the following cities: Groningen, Den Haag, Rotterdam and Eindhoven
(Rottier, 2017)Figure3 shows the intensity heat map for the Dutch cities: Utrecht,

Amsterdam andMaastricht These maps are retrieved from the bike count week research of
2016.

Whether a bicycle path irowded,is now determined on the basis of a few guidelines
concerning the width of the bicycle path abtke intensity. If the bicycle path is tocarrow

for the measured intensitythe bicyat path is considered to be too crowdefin example of
such a determination ishown in AppendiA. However it is questionable whether users also
find it crowdedon that bike path. According earagraph2.2, this is a wrog way to
determinecrowding, ascrowdingis more about the evaluation of deiyg in a particular
environment and is based on opinions of the users.
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-Figure3: Intensity heat map of cyclists observed in specific situation for the cities Utrecht, Amsterdam and
Maastricht (Bike Print, 2016)

2.3.2 Previous research about crowding on bike paths

As described in paragraph2.2,crowding on bike paths has been sutijef several
researchesBryon & Neuts (2008) were one of the first researchers to specify the perceived
crowding in urban environments, as found in Munckhof et al. (2017). The perceived
crowding in urban environments is caused by three different sygfdactors(Bryon &

Neuts, 2008)

7 A A

w tKeaArAolf FIOG2NBERI (KS&S INB 202S00A0S LKea
width of the bicyclepath or the number of cyclists.

w {20AFf FIFOG2NEI KSnierpaoplein@e yicnByddhéd G KS 0 SKI @
individual. If the behavior of these people to whom the individual is exposed does not meet

his own standards and valsgthis leads to irritation.
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play a role in how the individual experienc@swding Each person perceives the situation
in hisor herown way.

Klinkers & van Hoorn (1987) have executed specific research concerning tieévpd level

of crowding amongyclists. This research was carried out on rural roalls.relationship
between theO & O fparceiiiedl Rvel of crowding and the trafficensity on rural roads in

the vicinity of Zwolle wasesearchedThe conclusion of the research was that the higiher
intensity of the cycliststhe more crowdedhe respondents found it. These researchers also
found some differences in the assessmentfwding amonglifferent sexes and age. More
about this inparagraph 5.

Botma & Papendrecht (1992) carried ousienulation modektoncerninghe quality of traffic

flow on separate cycle paths. tims simulationthe degree of nuisance for ussof the bike

path is encountered in maneuvers such as overtaking or meeting other bicycle users on the
bike path. This resech resulted in several interesting conclusions, concerning differences in
speed and cycling next to each other, these conclusions will also be discussed further in
paragraph 5.

In another study byle GrootMesken et al. (2015) attention is paid ¢ccowding on the bike
pathin relation to the increasingnsafetyon thosepaths. Particularly in big cities there is a
lot of concernabout thecrowding on bike pathand how to deal withhis. The research
wanted to investigate, among other things, whethetbehavior ormore crowdedbicycle
paths is different than on morencrowdedpaths and whether this manifests itself in
conflicts. In tke study, a cycle path is referred to a cycle path that is too narrow fobike
intensity. It has been establishedahthe speed variation omore crowded bike pathis
smaller. Unfortunatelythe research could not prove whether crowded bike paths are less
safedue to the research method used

Munckhof et al. (201)rhave investigatethe crowding on bike pathsiost recently. With the
help of a survey among@3 people, it was investigated which factors influetioe
perceivedcrowdingamong cyclistsThe respondents were asked to remember a crowded
situation they recently experienced and answer several quastith this past situation in
their minds.Themost importantconclusion from the survey was that 10% of cyclists had
serious problems witlkerowdingon the bike path, as mentioned earlier in this chapter.
Subsequently, 33% of the respondents sometitad® another mean of transport due the
crowding on the bike path®©ther findings about the influencing factors will be discussed in
paragraph 5. The authorsof this research advise forfallow-up study to show the

causality between subjective crowding 8as objective crowding.
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2.4 Bicycle level of service

The concept of level of service was introduced in the Highway Capacity Manual ofIBé5.
concept of LOS is defined as a qualitative measure describing operational conditions within a
traffic stream, ad their perception by motorists and/or passengers. A LOS definition
generally describes these conditions in terms of such factors as speed and travel time,
freedom to maneuver, traffic interruptions, caonf and convenience, and safétfNational
Research Council, 1965)

First were bicyclists seen as an obstacle to the level of service for motorized traffic, but since
1990 is there also special attention for the bicycle level of service. The level of service for
oAOeOfAalia NB Y2NB LAY e&Redbptheipé&c®ived |j dzI £ A ( &
comfort, safety and ease of mobilitynportant is that the qualityf the traffic strean has to

be assessed as experienced by the |Berformance & Analysis, n.d.)

There are many different ways toeasure the bicycle level of service. Determinants which
used often are: volume of bicyclists, width of bike path, mean speed, density of bicyclists on
the bike path, type of bike path, path conditions and type of traffic (e or twoway)

(Botma, 1995)(Johnson, 2014)

The bike paths which are determined, will get a score from A to F, in where A is the highest
level of service and F is the lowest level of service for the bicyclists. For exalaypie,

(1994) suggests the tolving for the BLOS regarding the density on the bike path; at a LOS

of A has each cyclists more than 9.3space to occupy on the bike path, here the cyclist has
total freedom to maneuver. The LOS ranges till LOS F, where the cyclists has less tifan 3.0 m
to occupy on the bike path and almost no freedom to maneuver. The rest of the suggested
values are showm table2.

-Table2: Level of Service for a Cycle Path regarding density determinant (Navin, 1994)

LOS | m?/ bic K
bic / m?
A >9.3 0.11
B >7.0 0.14
C >4.7 0.25
D >3.4 0.29
E >3.0 0.33
F Xo &5 0.33
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The Florida DOT Q/LOS handbook states that bicycle volume does not have an effect on the
Bicycle level of service. This is because bicycle volumes rarely reach a critical point in which
thus volume affects the bicycle traffic flow, a delay or have an effect on the comfort of the
cyclists(State of Florida Department diransportation, 2013as found in(Johnson, 2014)

What does have a major influence on the BLOS is the frequency of hindrance perceived by
the bicyclists. Botma (1995) states that there are three &wfdnaneuvers onhe bike path
which can be specified:

1 Passing a cyclist going in the same direction

1 Meeting a cyclist going in the opposite direction

1 Combination of passing and meeting

Every maneuver brings some discomfort, inconvenience and possible safety issues for the
cyclists which are involved. This is specified as hindrance on the bikeigtha simulation
model, can the frequency of all these maneuvers be determined. Botma (1995) developed a
hindrance method for the bicycle level of service. With equation 2elftaquency of the

passing on the bike pattanbe calculated

"O= 20, /{ "W} (2.1)

Where

"O= Frequency gbassing

I GKS YSIy éuSSR 0R
,I a0l yRFENR RSOAI (A2
0= volume of bicyclegicycles/h)

ST dzf
y 2F &Ll

N
(0p))
P

This leads to the following suggestions to determine the LOS for bike, @atlstiown in
table 3 Witha 2-lane Botma19%) meansa path where bicyclists can cycle with two people
next to each other. On af&ne path is this possible with the people.

-Table3: Service Volumes According to Hindrance Criterion (Boti295)

% with Service volume
LOS | Hindrance| (bic/h) (one way)

over 1km| 2-lane 3-ane
A 0-10 130 780
B 10-20 260 1560
C 2040 520 3120
D 40-70 910 5460
E 70-100 1300 7800
F 100
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crowding

In this paragraph all the relevant attribut@sgll be statedthat Y A A K& Ay Ff dzSy OS
perceived level of crowding. This paragraph is dividgdunsub paragraphs:

Traffic conditions on bicycle path
Surrounding bicycle path
Physical bicycle path conditions
Individual factors

ERE ]

2.5.1 Traffic conditions o n bicycle path

The research of Klinkers & van Hoorn (1987) concluded that the highentéresity of the
cyclistsisthe more crowded the respondentsd it.

The study by Botm& Papendrecht (1992)learly showed that people experience a lot of
annoyancevhen theshare of mopedsncreases on the bike path. The biggest annoyance
concerning the mopeds are the spedifferences, smell and noise.

Furthermore, the same study showed that people experience a lahnbyancevhen the

level of duo-cyclistsincreasa. This means that cyclists cycle more alongside each other.
There was no difference in the proportion of duo bicycles and the lane in relation to the
perceived annoyanc@dunckhof, Zengerink, & Avest (2017) also state thatlevel of due
cycligs on the bike path is the most important social contributor to the perceived level of
crowding Other important social contributors to the perceived level of crowding, according
to this study, are: not going to the side, using mobile phoogsrtakingwithout payirg
attention, and unexpectedhovements.

Thelevel of speed differences a less important social contributor to the perceived level of
crowding. Though speed differencase a big issue on bike paths recently, due the
popularity of Ebikes and acing bikegMunckhof, Zengerink, & Avest, 201Axcording to
Martijn van Es of the Fietsersbond, the annoyances of race bikes have increased
considerably in recent years and the infrastructure becomes overcrowded. Thiseiglie
Dutch professional cyclists who had recently successes in big(¥ansden Broek, 2018)

2.5.2 Surrounding bicycle path

As described in paragraph at#e desired activity for a specific location, among other things,
isimportant in the evaluation of the perceived crowdi(fghelby, Vaske, & Heberlein, 1989)

—

CKA& A& olasSR 2y (KS LISNDS ABBNENeutd, 2088)i S E LIS NA

Land useplays an important role in specifying the location. Land use is seen as the function
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of a specific location, like residential and agricultural. So basically is it how humans use the
location. Most of the timegthe land use is clear to the observer dudt®appearance.

2.5.3 Physical bicycle path conditions

The results of Munckhof, Zengerink & Avest (2017) state that in the most crowding
situations the cyclists was cycling on a tmay bike path (in comparison with ofveay bike
pathg (figure4). Thismight indicate that thenumber of directionsis arelevantattribute to
perceived level of crowding on bike paths.

The same research also states that cycling on a bike path next to the roadwagflmagce

iKS t S@St

27
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roadway near (figurd). Thebike path typemight play a role in the perceived level of

crowding.

Just like intensity level thevidth of the bike pathisa major indicator of perceived crowding.
Munckhof et al. (2017) found that more than 50% of the respondents think that width of a
bike path contributes a lot to the perceivéelel ofcrowding on bike paths.

Bike paths are often red, but there are plerttgses where the bike path is gray (tiles) or
black (asphalt). The previously mentioned research has shown thablbe of the bike

path makes no difference in perceived level of crowdffigure4). At last, the same research
found that there was an obous difference between thenaterial of the bike pathand the

perceived crowding.

09 209 409 60% 80% 100%

One way bike path (39%) 20% 28% DOSEE 4%

Two way bike path (61%) EA11% 23% 41%

Bike path directly a
against the roadway (41%) 13% 32% 38%
Bike path free of the (59%) 22% 23% 998l 1%
roadway
Bike path of asphalt g, 2 25% 9%l 1%
or concrete
Bike path of tiles (18%) 14% 35% JISENE 3%
Black/gray surface (44%) 17% 28% ooal 2%
Red surface (53%) 23% 23% mo%l 2%
B Notatall 1 2 3 W4 ®VerymuchS

-Figure4: Extent in which bike path conditions contribute to the perceived level of crowding (Munckhof,

Zengerink, & Avest, 2017)
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2.5.4 Individual factors

Klinkers & van Hoorn (1987)Vefound in their research that there is a significant difference
betweenmen and womendender) when e/aluating the perceived level of crowding. Male
respondentsare more likelyto evaluate situatios as less crowded in comparison with the
female respondentsThough, a research of differences in gender concerning spatial behavior
indicates that females need on average less personal space in comparison with males as
stated in paragraph 2.2.1. Females can &dderate closer interpersonal contacts thamales
(Baxter, 197Q)

Klinkers & van Hoorn (1987) concluded th&re is a relationship betweeageand

valuation of the perceived crowding on the bike pathd& cyclists evaluatthe situationin

their researchas less crowded in comparison with younger cyclists. The border between

W2f RSN | yR We2dzyISND gt a asSi 2y pwm &SI NB 2f
researchers, is a difference in observation and perception fewniktinguishedjyroups. It

coud be that older respondents are less critical about a situation in comparison with
youngerrespondents.

Although the previous researches in this paragraph found that there is a significant
relationshipbetween age/gender and the valuation of the crowdgtliation, Botma &
Papendrecht found that there was no significant difference in their research concerning the
level of annoyance on the bike patimd these two individual factors

Finally, Krabbenborg et al. (2015) foutheét respondents fromess populted urbanareas

(defined as fewer than 1500 addresses per kim®)e a strong aversion to crowded cycle

paths in comparison with respondents living in more populated urban areas. This might

indicate that theurbanity levels2 ¥ NX & LJ2 Yy RSy (i ah@ve biBnllverR&ofithd | £ | NX
perceived level of crowding on people.

26 | OOOEAOOAO ET &£ OAT AET ¢ A&EdiyUAl EO
Godefrooij (2018) sees a clear relationship between the perceiveslding on the bike path
and the perceived safety by troyclists. If it gets too crowded, it can lead to unsafe

situations. In this paragraph all the relevant attributes will be stated, which might influence
0KS oAOe& Of A aThR parafyr&piS dividedfinfodr bub Bafagraphs:

Traffic conditiors on bicycle path
Surrounding bicycle path,
Physical bicycle path conditions,
Individual factors.

E e ]
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2.6.1 Traffic conditions on bicycle path

Lankhuijzen et al. (2016) mention thabstpeople who find it unsafe on the bikpath

blame the behavior of other road users. This could therefore be unnecessarily cycling next to
each other, use of mobile telephone or other social contributtike cycling on the wrong

side of the bike path and overtaking without paying enough attentidre same research

states that some cyclists experience annoyance by big groups of professional cyclists who
pass by in a high velocitlor the cyclists in some cas#ss canbe very surprising and can

cause unsafe situatior(tarkhuijzen, Ruijs, & Orsouw van, 2018peed differencesnight

also cause unsafe situations for users of the bike path. Speed pedelecs can, according to a
research, be quite dangerous withe capacityof the cycle pathis already limitedThis

might be one of the reasons why at the momaéinis not allowed anymore to use a speed
pedelec on aegularbike path(Schepers & Voet, 2014Y.b 2 NI f Q Oetietbikeda 1 & Y2 O
path with a maximum speed 4B km/h. An Ebike user can cycle with maxmum of32

km/h which isclearly faster.

VVN, an organization that works for safe traffic in the Netherlands, believes that bicycle
paths should be made more suitable febies.According to VVN, speed differencas the
bike path between electric andonmal bicyclesauseoften accident§ANP, 2018)

On twoway cycle paths, which are often too narrow and where the cyclist needs to pay
attention to cyclists from the other direction i safer to cycle one behind the othegafety
problems only exist on routes with capacity problethshnerLierz, 2006)Thelevel of duc
cyclistsmight influence the perceived safetipuo-cyclists are two cyclists who bike next to
each other.

2.6.2 Surrounding bicycle path

Cox et al. (201#pundthat car drivers perceive roads in rural areas as less risky than roads
in urban areas. This might indicdteat car drivers feel less saii@ urban areas. Imost cases

in urban areaghere ismore traffic on the roadThis might cause this difference. It is not
proven whether this difference also exists among bicycle ugerarticle in a newspaper
mentions the dangers of cycling oaral roads, but this is more about cycling in rural areas
with no separate bike path@rady, 2011)On the other hand Jaarsma (20%1atesthat

rural roads are clearly more unsafe for cyclists. This might indicate thdaideusebased

on urbanity can influence the perceived safety by the cyclists.

Researh about subjective safety shaal that cyclists feel particularly threatened by
motorized traffic. This is remarkable while most (serious) accidents in cycling happen with
no other traffic users involveflnilateral accidents)rhese specific accidents can occur for
example because of an obstacle on the road or bike it related to the subjective safety
it appears thatyclistare hardly afraid for tls kind of accidents (Christmas et,&010, as
cited in Schepers & van d¥oet, 2014).
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EvansCowley & Akar (2013) stade¢hat cyclists may feel safer with the presence of
pedestrianson the street.They conducted a research in whiatiult students viewed a

series of paired slides of imagef city streets After that the participants were asked to
choose which image from the pair they preferred based on which street they would prefer
to ride a bicycleThe more pedestrians were seen, the more likely the scenario was chosen.
The same research concludes th@es next to streetgive some mixed results concerning

the likelihood of being choseithis might be mostly because of safety perceptions, as stated
by the authorsTrees, which were a bit set back from the stieetre more likely to be

chosen by cyclists in comparison witle scenario with no trees. On the other hand,
scenarios in which the trees were closer and denser trees to the cyerstless likely to be
chosen. This might be because of the decreasing visibility for the cyclists.

2.6.3 Physical bicycle path conditions

De GrootMesken et al(2015) mention that too narrow bike paths lead to unsafe situations
for the cyclists Another research states that bike paths with a high intensity and a limited
bike path widthplay a big role in unsafe situations amome ttyclists. There is also a
possibility that cyclists will move more to the edge of the bike path, which, depending on the
type of roadside or sidewalk, results in additional safety riBkesGoede, Obdeijn, & Van der
Horst, 2013)For some cyclistshe width of the bike path is reason for dissatisfaction. On
narrow bike paths, the scooters anebées will come close to the cyclists at a higher speed
and since there is limited space available in this kind of bike paths,ahisatise an unsafe
feeling for the cyclistWoWw, 2017)

As mentioned in the previous paragraph most of the bike accidents happibmo other
traffic usesinvolved.It has been found that approximately half oigrkind ofaccidentss
(partly) related to one or more infrastructuneslated factors A loose tile is often mentioned
as a possible caug&chepers et al., 2009)hematerial of the bike pathmight be an
indicator for the perceived safety by the cyclists.

2.6.4 Individual factors

DeJoy (199pstates that males tend to take more risks concerning driving behavior in
O2YLJ NX azy gHeie weraledrgentieddifférenaes ihe ratings of accident
likelihood and seriousnesfeJoy1992) This researchight indicate that males feel safer

on the road, regarding their riglaking behavior. Although, it is not with certainty to say
whether genderdifferenceshave influence on the perceived level of safety on the bike path,
since his research is based on car drivers.

Shigematsu et al. (2009) concludes that there is a significant difference beagegmnoups
concerning the perceived safety of pedestrians. In this research the youngest age group
(between 20 and 39 years old) perceived the situation as most safe and the oldest age group
(76 years old and older) perceived the situations as least safén Aganot with certainty to
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say that this difference also occurs among cyclists, since this research is only based on
pedestrians.

People who live in rural areas této take much more risks in traffic. This concludes a

research which compared the belar of car drivers who lived in rural areas and car drivers

who lived in urban aread.he result might indicate that people who live in rural areas feel

more secure and safe in a d&takauskas, Ward, & Gerberich, 2009 not certain

whether this is also the case on a bicydleeurbanity levels2 ¥ NB & L2 YRSy (14 Q NBa
areas might influence the way they perceive the level of safety on the bike path.
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comfort

In this paragraph all the relevant attributesll be stated, which might influence the
bicyclisRa f S @S f. This paraGraplr i§ @vidiEd fiour sub paragraphs:

1 Traffic conditions on bicycle path
1 Surrounding bicycle path

1 Physical bicycle pattonditions

1 Individual factors

2.7.1 Traffic conditions on bicycle path

Theintensity of bicyclists on the bike path is found to have a negative impact on the
0AOROf AalQa LIS NIoHSckcist Ro nbt ke fide & ieav® amodnss Nl &
bicycle traffic because high bicycle flow rate increases disturbances among Hi¢lles
Wang, Zhang, Lu, & Ragland, 20BH) et al. (2015) state that bicyclists are more likely to
have a low level of comfort as the volumetbbé amount of bicyclists increases on the bike
path.

In a recent bicycle research in collaboration with the municipality of Rotteritigsyshown

that residents with an ordinary bike felelsscomfortable because dhe presence of

vehicles with aighervelocity. It is forbidden to ride mopeds on bike paths, but according to

the residents this rule is often violate@he residents of Rotterdam also experience

dangerous situations due to the rise of théike, which decreases their comfort on the bike

path (Groenendijk, Olde Kalter, & Sturm, 201&nother research states that thelekesare

very popular in urban areas and because of their greater speed and limited space available

on the bike path are causing unsafe and uncamafiole situations for other users of the bike

path (De Goede, Obdeijn, & Van der Horst, 201i33eems thaspeed difference®n the

0A1S LIGK LIXF& | 6A3 NREtS Ay (KS Oeodoftiraidaq L
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The research by BotmaRapendrecht (1992) has shown tl@fcling next to each other can
cause major nuisance for the other users of the bike paths study shows a significant
relationship between thdevel of duccyclistsand the perceived nuisance.

2.7.2 Surrounding bicycl e path

Lee, Jennings &-Heneidy (2010) statkthat cyclists are more likely to choose for bike

paths along residential, water and industry environments. On the other side they choose less
likely for bike paths along commercial, park and recreation arkagmmercial area is a

street where a lot of commercial buildings are located example restaurants, shops and
offices. A commercial area is mostly an area with a lot potential conflictsothir traffic

such agnotor vehicles. This kind of environmts is also more likely to be busy. This might

be a reason why cyclists prefer not to choageling ina commercial area. This is also the

case for paths next to highways anwjorroads.This might indicate that thiand usebased

on urbanity can influece the perceived comfort by the cyclists.

Theamount ofpedestriansnext to the bike path is an attribute to considéee, Jennings &

EFGeneidy (2010) state that cyclist are less likely to choose for a route with a strong

commercial land use share. Streets which are used commercially are often more crowded on

the street, but also next to it. This might indicate that the levgb@destians next to the

bike pathcan have anegativecontribution to the user§erceptionof comfort Tough,

another research states that the presence of pedestrians has a positive effect on the

experienced comfort for cyclis{Krabbemorg, Annema, & Snellen, 2019his is also

concluded by another research by Evdng gt S& S | f & 0 Hhepresénte g KA OK
of pedestrians on the street may give a sense of safety and security to bi€ydlists

The use ofegetation,especally the presence of treesnd shrubshas positive effects on
preference Residents respond with a relative low preference to landscapes that contain only
grass vegetation.he use of grass as vegetation has little effect on prefers(id&ich,

1986) In this research trees came out as the most preferred vegetation. Another research
about the factors influencing the desirability of a street for bicycling, states that a street with
trees has overall a positive effect on the likelihood to be chosen dists, This is in

comparison with streets without any vegetation. Thoutylis depends on the positioof the

tree, as described in paragraph 2.5EvansCowley & Akar, 2013)

As described earlier in this paragraph cyclisggt¢ avoid roads with highar intensity(Lee,
Jennings, & Ebeneidy, 2010)Another research found that the more visible vehicles, the
least the likelihood of choosing this situatiorhisindicates that the increasing tradf
intensity has a possible negative effect of the comfort of bicydistmnsCowley & Akar,
2013) At last, van Overdijk (2016) stated that the traffic speed has a negative effect on
OO0t AaliQa LISNOSAOSR fS@St 2F O2YTF2NI©®
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2.7.3 Physical bicycle path conditions

Sener et al. (2009pund that bicyclists prefer to bike on a shared roadway, open to both
bicyclists and motor vehicles, in comparison with a separated bike lane. This might indicate

that bicyclists like to have moré Y Sdz@SNAY I NR 2 Y lboyed Thoegh o1 y i a

several other researchers conclude the opposite; Broach et al. (2012) and Li et al. (2011)
state that bicyclists prefer to ride on a separated path. fpe of the bike pathmight have
a major influene on the perceived level of comfort by the bicyclist.

Thewidth of the bicycle path has a positive relation with the perceived level of comfort for
the bicyclist. Wider paths provide more space for cydllngWang, Zhang, Lu, &dtand,

2011) This is also stated by Bai et al. (2015). Just like the previous possible attribute stated
Sener et al. (2009) the opposite; the width showed no statistically significant differences in
preferences between a narrower and a wider bike path.

Thecolor of the bike path might influence the perceived comfort of bicyclists. Nowadays
most of the bike paths in the Netherlands are red. Though Danish and Canadian research
state that blue and green bike paths are the most appropriate ones, especially due safety
reasons. In Copenhagen most of the bike paths are because of thig\#uecer in Beeld,
2015) Color can play a role on emotions, behavior &mutctioning, because the brain
associating a color with certain concepissingle ctor however can have multiple
associationsThe color red may be associatetth negative oncepts such as danger and
fear. The color blue is associated with safety, softness and calnfrids$ Barton, 20053s
found in(Luttels, 2013)

2.7.4 Individual factors

Krabbenborg et al2015)stated that people who liven rural areas tento have a strong
preference for routes with trees, in comparison with people who live in more urban areas.
Theurbanity levels2 T NBaLR2yRSyiaQ NBaAaARSYyUGAlLf | NBI a
the level ofcomforton the bike path.

Males prefer lower car intensities next to the route, in comparison with fem@eser,

Eluru, & Bhat, @09) Although, it is not with certainty to say whethgenderdifferences

have influence on the perceived level of comfort on the bike path in the Netherlands, since
this research is based on cycling in Texas.

2.7.5 Overview found literature

Table 4shows an overview of all found literature, corresponding to the possible included
attributes and the three dependent variables.
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-Table4: Overview found literature

Perceived level of comfort

Perceived level of crowding

Perceivedevel of

Attribute Attributes
Group safety
Intensity level of (Klinkers & van Hoorn, 1987 (Li, Wang, Zhang, Lu, & Ragland,
cyclists 2011) (Bai, Liu, Li, & Wang, 2015)
Share of mopeds (Botma & Papendrecht, (WoW, 2017) (Groenendijk, Olde Kalter, & Sturm
Traffic 1992) 2017)
conditions on Level of duo cyclists (Botma & Papendrecht, (LehnetLierz, 2006) (Botma & Papendrecht, 1992)
. 1992)(Munckhof, Zengerink|
bike path
& Avest, 2017)
(Lankhuijzen, Ruijs, & (De Goede, Obdeijn, & Van der Hor:

(Munckhof, Zengerink, &

1989) (Bryon & Neuts,
2008)

Filtness, 2017)Brady,

Level of speed
differences Avest, 2017fVan den Broek] Orsouw van, 2016) 2013)
2018)
Land Use (Shelby, Vaske, Bleberlein, (Cox, Beanland, & (Lee, Jennings, &-Bleneidy, 2010)

2011)

Level ofpedestrian

(EvansCowley & Akar,

2013)

(Lee, Jennings, &-Beneidy, 201Q)
(Krabbenborg, Annema, & Snellen
2015) (EvansCowley &Akar, 2013)

(Chirstmas, Helman,
Buttress, & Newman,
2010)

(Ulrich, 1986)(EvansCowley & Akar,
2013)

(Chirstmas, Helman,
Buttress, & Newman,
2010)

(Lee, Jennings, &-Beneidy, 201Q)
(EvansCowley & Akar, 2013)Van
Overdijk, 2016)

(Munckhof, Zengerink, &
Avest, 2017)

(GrootMesken,
Vissers, &
Duivenvoorden, 2015)

Van der Horst, 2013)

(De Goede, Obdeijn, &

(Li, Wang, Zhang, Lu, & Ragland,
2011)(Bai, Liu, Li, & Wang, 2015)
(Sener, Eluru, & Bhat, 2009)

(Munckhof, Zengerink, &
Avest, 2017)

(Sener, Eluru, & Bhat, 2009Broach,
Dill, & Gliebe, 2012]Li, Wang,
Zhang, Lu, & Ragland, 2011)

(Munckhof, Zengerink, &

Avest, 2017)

(Schepers, Brinker
den, & Ormel, 2009)

(Hill & Barton, 2005)Luttels, 2013)

(Klinkers & van Hoorn,
1987, (Baxter, 1970)

(DeJoy, 1992)

(Sener, Eluru, & Bhat, 2009)

activity
Surrounding
bike path Vegetation
Intensity Car Traffic
Width Bike Path
Physical bike
path i
conditions Bike path type
Color of Bike Path
Gender
Age
Individual
factors

(Klinkers & van Hoorn,
1987) (Botma &
Papendrecht, 1992)

(Shigematsu, et al.,
2009)

&

Urbanity level of
respondents
residential area

(Krabbenborg, Annema, &

Snellen, 2015)

(Rakauskas, Ward,
Gerberich, 2009)

(Krabbenborg, Annema, & Snellen
2015)
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2.8 Conclusion Literature Review

In this chapter the definition of crowdingdefined Thiscrowdingassessment is done with

an opinion that the observed number is too high for #mea that is occupied. Because
ONRBGRAY3I A& I @lfdzS 2dzRISYSYyidz AlG A& 2F0Sy
Furthermore, the state of crowding on bike paths in the Netherlas@ésplained. The

increase in intensity of cyclisis due a number of meases Alsonew groupgsliscoveredhe

bike. If the bicycle path is too narrow for the measured intensity, the bicycle path is

considered to be too crowded. However, it is questionable whether users also find it

crowded on that bike path. According tiee general definition of crowdingis thisa wrong

way to determine crowding, as crowding is more about the evaluation of density in a

particular environment and isased on opinions of the usew.bicycle level of service
determination might be more appropiaS G2 Y S| & dz2NB (i K®oughjtdid A G &
is still based on factual data, which is still no opinion of udére.few researches who jga

attention to the actual perceived crowding found several things. The perceived crowding in
urban environmets is caused by physical, social and individual factadividual factors

play also a role in the valuation of the perceived safety and conifbi$.chapter includd all

the relevant attributes, which might influence the bicydlsi LIS N S Ar@wiliRg, S @S f
safety and comfort.

43| Page

2

~

z



3. METHODOLOGY

3.1 Introduction

After all the relevant literate is reviewed, includes tbispter a description of the working
method usedThe theories, methods and techniques to achieve to goal of the research are
explained elaborately. Paragraph 3.2 is about choosing an appropriate method and the
utility theory. In the next paragraph the researciveitl explain why he chose for

visualizatio of the attributes. Paragraph 3.4 is about all the taken steps of constructing an
appropriate stated preference experiment. Next the researcher explains what choices he
made in visualize the attributes and how he did visualize the attributes. The last two
paragrapts are about the construction of the survey and the data collection.

3.2 Choice modeling

Individuals make choices every day and different influences affect these choices. If a decision
maker is placed in a position where the individual needsitde several decisions,

researchers can investigate mutual relations between the choices. Hensher et al. (2005)
state that making a choice set is a very complex and time consuming process. Before starting
with constructing the choice set, it is importart figure out what influences the choice of
individuals. That is why the researcher already conducted an extensive literature research in
order to find the most influential attributes regarding the topic. The results of this literature
review are shown ingragraphs 2.4, 2.5, and 2.6.

3.2.1 Choosing a method

To answer the main research questiotated PreferencéSP)experiment or Revealed
PreferencéRP)experimentwill be executedThe following is meant by a SP experiment: the
researcher will setup a specific situation, to which the respondent needs to react. This will be
Ay || WO2yUGNRftSRQ SY@ANRY Y SVeischurgh® gAfft o065 |
Doorewaad, 2002) With a RP experiment the followingmeant: the researcher will obtain

all data from the real world in which respondents act in their natural behgilensher,

Rose, & Greene, 2005)

Stated Preference experinmgs have several pros and cons. This strategy has often a very
high level of internal validity. This could help in demonstrating causal relations. The
researcher can adjust the research environment for the respondents, what could help with
demonstrating tke effects ofvariousfactors. The external validityf SP experiments might

be a problem. Since respondents a@ in their natural environment, they might

experience the situation differently. At last these ksad experiments might cost a lot of

time to set up, but this depends on the chosen methi{d@rschuren & Doorewaard, 2002)
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Revealed Preference experimen#dso have several pros and cons. The external validity in
these king of researches is vellyigh. Since the dates obtained in the real world it is likely

that respondents will act and experience the research in a natural way. The data could be
very detailed Therefore, the researcher could learn more about the subject in depth. It may
be more challenging than othenethods to document tis kind of researches. The biggest

con of this kind of researches is the lack of influence on factors like weather, intensity and
behavior of other users. Because of this feature it might be harder to demonstrate causal
relations. Alditionally, the researcher is limited to collect only data in existing circumstances
(Hensher, Rose, & Greene, 2005)

In table 3the most important advantages and disadvantagessummarized. Overall the
researcher will choose for the Stated Preference experiment. This will be the best choice for
seeking causal relations whichtle goalof this researchFurthermore it would be harder

to research the potential attributes with a@&vealed preference experiment.

-Table5: The most important advantages and disadvantages summarized for Stated and Revealed preference
methods Hensher, Rose, & Greene, 2005) afwkrschuren & Doorewaard, 2002)

Stated Preference Revealed Preference

-High level of internal validity -External validity is very good
-Adjusting research environment -Very detailed data

-Risk on low external validity -Harder to document observations
-Might cost a lot of time to set up -No influence on a lot of factors

3.2.2 Utility theory

¢CKS dziAfAdle GKS2NER A& o0l adSR 2y AYRAGARdZ f &aqQ
preference®® ¢ KS dziAf AdGe GKS2NB GNARS& G2 SELX LAYy
(Saylordotorg, n.d.)The behavior of individuals trying to choose their most preferred

alternative is referred to a¥’ dzii A f A (i & masstdfetl MLolvieré ét &1.,(2000The

utility 'Y standsfor choosing alternativéby individualg, this is shown in equation (1 is

GKS WwaeadSYlFiAaO 20 a-SNtEnSerthd inbldeBvedifatads. dzi A £ A G & Q
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Y o - (1)

The observed value of the utility is never equalYo since there is an unobserved utility
value(- . The unobserved utility factor is unknown and will be treated as a random factor.
The observed value of utilitgy ) of alternativei for individualg can be explained as a
function ofk variablesx with all the parameter estimate§ ) inequation (2 Hensher, Rose,

& Greene, 2015)ns found by Overdijk (2016).

© Qo (2)
Hensher et al(2015) as found by Overdijk (2016) stétat the previous equation can be

translated to a common used linear function for the observed value of utility. This is shown
in equation (3):

@ B T @ (3)

The observeditility (w ) in this equatioris equal tathe sum of all the parameter estimates
T ) multiplied with the attribute variable

After knowing the utility of all the attributes and the utility of a specific alternative, the
probability that individual g chooses for alternative | instead of alternative j can be
calculated. This can be calculated using equatioiiTiEgin, 2002)as found by Overdijk
(2016):

€% Yl QQ (4)

C

3.3 Towards visual presentation of attributes

Arentze et al. (2003) stated that the past fewyears,a number of design strategiésmve
been suggested to redudbe respondené Burden. This burden is defined as the degree to
which respondents obtain a survey research as difficult, emotionally stressful, or time
consuming. Some characteristics of the yrwhich can cause this afleavrakas, 2008)

Interview length,

Cognitive complexity of the task,
Required respondent effort,

1 Frequency of being interviewed,

= =4 =4

In this paragraph the researcher wants to focus on the cognitive t®xtp of the task and
how to reduce the complexity for the respondents using a visual presentation of the
attributes.
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A cognitive complex task is a task which is hard to understand for the respondent. This can
be the case when a large numberatfributes is included in the research, which should be
obtained by the respondent. Sometimes it is hard to imagine a situation with only written
attributes, thisis called atex@ y f & S E LASobiSkibeSsgluliah todhis potential problem
IS to add petorial or visual information to a verbal presentation of attribute profiles and,
thus, aid subjects in constructing and maintaining vivid representatioalsephatives in
working memory (Arentze, Borgers, Timmermans, & DelMist2603) Further these
researchers found that respondents failed to keep the attributes well balanced in a
consistent way and that unbalanced situation influenced their decimaking in the text

only experiment. Caussade et al. (2005) found thatest&reference experiments with

more than six attributes are confusing and too hard to process for the respondent. Another
research concludes that the use of visual images can help in presenting a wide range of
variables. This way the variables are easyriderstand and could act reasonable and
credible for unbuilt environments. This research is based on several high quality images of
virtual environments. More than 80% of the respondents found these images realistic.
Further this researcher states thatahuse of virtual environments holds potential for use
within environmental studiegDavies, Laing, & Scott, 2002)

Hibbard & Peters (2003) concludiéhat comprehension, motivation, and the actual use of
the information are inceased when the cognitive complexity is reduced. This happens when
the respondent is moved closer to the actual experience, for instance with visual support.

Neverthelessyisualization of attributes also gets some criticism. The visualization should not

take the overhand in the research. How something is visualeaadhave a major influence

2y (GKS NBaLRYyRSYy(aQ OKPRaltedsbraDatbghRReYaki FichariasT S O
& Yazdizadeh, 2017l isalsonot clear whether people will experience a real world situation

different from a computescreen. Fitch & Handy (201&jecuted research on the difference

between respondents receiving the information on a video and respondents who are

actually experienaig it on the bike in the real world. In this research the respondents

needed to evaluate the perceived safety and comfort on the bike. The results showed that
WHAMRISRI A OA LI yiaQ NBaLRyRSR aftA3akKidte Y2NB yS3
participants reported 1615% loweron average for their experienced comfort/safety.

Since the problem is based on an observation issue, it is likely that more than five attributes

are included in this research and the goal of the researcher to minimize thd2e§ RSy (i Q &

burden, will the researcher strive to show the attributes in an approachable visual way.
Virtual reality could help to minimize the cognitive complexity for the respondents.
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3.3.1 Virtual Reality

Virtual reality is an artificial, computdrasead simulation of a real environment or situation
presented to the userwhich can help in reducing the cognitive compleXityllows the user
to believe that they are experiencing a rdié situation by simulating their visioor/and
their hearing. Vimilal Reality uses technology to create and simulate a@astent realityin
order to generate the imaginary reality or to create simulations of specific situations
(Piekarski & Thomas, 2002)

Virtual reality modelsncludeexisting orimaginary environmentdNot always all the info in

the model can be received by the user, nor mimics the model perfectly the natural sétting.
virtual environmentgivesthe user access to information ahy place andime. Thus Virtual
reality can be used in any location and the user will receive the exact same information and
features through the virtual environmerigchoenmakers, 2017)

Jacobson (1993gated that there are four different kinds of virtual reality. These types are
shownin figure5:

1 Immersive virtual realitysee figurebA)is a virtual reality system which uses
stereoscopic goggles that provide the 3D imagery.

9 Desktop virtual realitysee figurebB)is a program on the computer that simulates a
reaklife or an imaginary environment in 3D, what is displayed on a screen. This type
of virtual reality is especially suitable for projects with smaller budgets.

1 Projection virtual realitfsee figurebC)creates a virtual reality experience via
projections. This type of virtual reality is suitable if users need to experience the
environment in a group.

1 Simulation virtual realitysee figuresD)is an interactive virtual environment. The
users can besidasoving freely change things in tregvironment or operate a
vehicle. Inparagraph3.3.2simulatoisin generalwill be discussed.

-Figure5: Four types of virtual reality methods

As found by Schoenmakers (2017) virtual readitysed in different forms of research
already. Previous researches are especially in the field of neuroscientists, to simulate natural
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events and social interactions. Furthermore virtual reality is often used in the field of
psychological issues. A sgecexperiment where virtual reality is used as tool is a research
o2dzi GKS STFFSOGa 2F o0SAy3a Ay (GKS @ANIdz €
levels. Davies et al. (2002) used virtual reality to measure the likelihood of the respondent to
choose for a specific neighborhood.

3.3.2 Driving Simulator

A driving simulator is used to mimic the real world or a+eaisting situation and let the

receiver believe that he/she is driving for real in tarssironment. The receiver operates a
vehicle,which moves faster than walking. Blana (1996) specified several advantages of using
a driving simulator compared to fielésearch:

1 The versatility is considered by Blana (1996) as the most important advantage of
driving simulators. In a driving simulatibis relatively easy to economically change
the situation. This is especially useful when testing new and not existing
technologiesin field researches this is often not possible, or very expensive. In a
driving simulator new developments can be inclu@¢deduced cost.

1 Experimental control and measurement is seen as another important advantage.
dSimulators make it possible to control experimental conditions over a wider range
than field tests and can be easily changedN2 ¥ 2y S O2 y R@ang2y G 2
1996) This might come in handy in terms of experimental design characteristics. It is
difficult to achieve an exact same situation for respondents in the real world,
concerning for instance weather and traffic situatiorsrthermore it is easier to
measure the performance in a driving simulator.

1 Safety is found as another important reason to use a driving simulator. Simulators
provide a very safe environment for driving research. There is no danger to drive
virtually forthe respondent. In field research this is not always the case and it is
sometimes impossible to get approval of instances to execute an experiment in the
real world.

Blana (1996) found also sevedidadvantages of using a driving simulator compared to field
research:

1 The validity issue is the most important disadvantage of a driving simulator. It is still
impossible to replace the real world in all its complexity. It is always the question to
what extent the behavior of the respondent in the simulator corresponds to that in
the real world.

1 The relative high costs of driving simulators are another disadvantage. Though there
is a wide variety of simulator types. PCs can provide already reasonabbeeatiole
visuals. PC simulators are called {o@st simulator, because of the relative low costs
to make them. On the other hand very complex simulators are extremely expensive.

1 And finally simulator sickness is considered as an important disadvaittage
& A Y dzf ISiin@aith sieknéss can vary widely among individuals who experience it
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and among simulators that induce iBlana, 1996)The respondent is in this case

sick because of the exposure in the virtual environmemd the symptoms are

similar to the regular motion sickness symptoms. Possible symptoms are headache,
stomach awareness and disorientation.

Simulators are already used for a long time. The mostkvedivn simulators are flight

simulators in which pilotsehrn to fly an aircraft. Simulators are often used as research tool,

F2NJ SEFYLX S Ay | NBOSyid NBaSIHNDK gKSNB (GKS R
together with an automated vehicle on the highwggchoenmakers, 2018)

NHTV Breda University of Amgli Sciencedeveloped in the past three years a virtual reality

bike simulator. Ihas been developed to answer knowledge and desipted questions in

0KS FASEIR 2F OeOfAy3ad LYy GKA&A O0A1S aAaydzZ I 2N
efforts and steering movement§.he virtual environment is®wn in a Head Mounted

Display. Tis typesimulatoris especially suitable for asking users about the cycling

experiencan the experimen{Klinkenberg, 2017)

3.4 Setting up Stated Preference Experiment

The researcher will conduct a stated preference experiment. Hensher,&8seene (2005)
developed a clear roadmap to setup an appropriate SP Experinmgigure 6 the overall

process is shown. This process will begin withproblem refinement in stage 1, to ensure

that the problem is well understood. The next stage is the stimuli refinement, the researcher
should decide which alternatives, attributes and attribute levels willged.The next steps

are mainly about makipchoices to construct the survey instrumeftis also includes

making a full factorial design.
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Stage 1 Problem refinement 4_

v

Stage 2 Stimuli refinement
® Alternative identification

® Aftribute identification

® Attribute level identification

v

Stage 3 Experimental design consideration
® Type of design

® Model specification (additive vs interactions) "-
® Reducing experiment size

v

Stage 4 Generate experimental design |
Stage 5 Allocate attributes to design columns ||

® Main effects vs interactions

v

Stage 6 Generate choice sets
Stage 7 Randomize choice sets
Stage 8 Construct survey instrument

-Figure6: The Experimental design process of a Stated Preference Research (Hensher, Rose, & Greene, 2005)

3.4.1 Problem refinement

The research question in paragraph 1.2 concerning what attributes influence the perceived
crowding on the bike path has been answered in paragraph 2.4 theoretically. Now it is
important to see towhat extent these attributes influence the petiged crowding. Having a
clear understanding of #nresearch problem is very important. The main problem was the
increasing crowding on several bike paths causing cyclists to find those situations
uncomfortable and/or unsafe, which could lead to a changeafsportation means by

these cyclists.

Since increasing crowding causes possible safety and comfort isssedsatimportant to
figure outif the previous mentionedttributes influence the safety and comfort perception
of the cyclistsIn figure7 the dependent variables are shown.

51| Page
























































































































































































































































































































