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3ÕÍÍÁÒÙ 
 

Recently it becomes increasingly more crowded on the cycle path, especially in high urban 

areas. About 10% of the cyclists have problems with this crowdedness. The increase in 

intensity of cyclists is due to a number of measures, such as the construction of many fast 

cycling routes, discouraging measures to reduce the use of the car in the city, and the 

availability of άh±-ōƛŎȅŎƭŜέΦ CǳǊǘƘŜǊƳƻǊŜ ƴŜǿ ƎǊƻǳǇǎ of people discover the bike, such as 

elderly people, people who traveled by bus or tram, and people with a non-western 

background. There are clearly people who sometimes find it too busy on the bike path and 

therefore decide to take a different mode of transport. It also appears that the intensity 

level has an influence on the safety and comfort experience of users. It is important to avoid 

that it becomes too crowded on a bicycle path and more people are going to trade in the 

bike for other means of transport such as the bus, or car. 

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

concerning 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 path. According to the 

crowding definition it is inappropriate to determine the crowded level this way. Crowding is 

seen as a negative evaluation of density or number of encounters. This assessment is done 

with an opinion that the observed number is too high for the area that is occupied. Because 

ŎǊƻǿŘƛƴƎ ƛǎ ŀ ǾŀƭǳŜ ƧǳŘƎŜƳŜƴǘΣ ƛǘ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ŀǎ ǘƘŜ ǘŜǊƳ ΨtŜǊŎŜƛǾŜŘ ŎǊƻǿŘƛƴƎΩΦ In terms of 

determining the perceived level of crowding, one need to know more about the setting, 

desired activity, and the individuals making the evaluation.  

Measuring the perceived crowding, safety and comfort is seen as a cognitive complex task, 

which is hard to understand for the respondent. This can be the case when a large number 

of attributes is included in the research, which should be obtained by the respondent. The 

use of visuals can help in presenting a wide range of variables and can lower the cognitive 

complexity for the respondents. Several literature show that the best way to measure the 

perceived crowding, safety, and comfort is in a visual way. The chosen attributes based on 

literature are: intensity level of cyclists, level of duo cyclists in the same direction, level of 

duo cyclists in the other direction, land use, pedestrian level of activity, vegetation next to 

the bike path, intensity of car traffic, bike path width, and color of bike path. The stated 

preference experiment that was designed based on these attributes, was completed by 

1,210 respondents. The respondents valuated for each profile the perceived level of 

crowding, safety, and comfort. The profiles were shown as short virtual videos (15 seconds). 

In the videos the perspective of a cyclists was shown on a two way bicycle path. 
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The 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 

has by far the biggest influence on the perceived level of all three dependent variables. 

Further the bike path width seems to be a very important contributor to the dependent 

variables. The rest of the attributes have a more varying role in terms 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 the perceived level of safety, and the color and level of duo 

cycling are more important for the cyclistsΩ perceived level of comfort. For each variable, it 

was checked whether there are differences between groups of respondents. The grouping of 

respondents was based on answers given on various questions. It has been found that there 

are significant differences between groups in the valuation of the dependent variables. 

This results of this study can help, as an information source, in the search to the 'bicycle path 

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 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 path should be minimalized, the cycle path width is on the other hand 

maximized and executed in the color red.  
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3ÁÍÅÎÖÁÔÔÉÎÇ 
 

De laatste jaren is 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 fietsers wordt veroorzaakt door een aantal gebeurtenissen, zoals de aanleg 

van vele snelle fietsroutes, ontmoedigende maatregelen om het gebruik van de auto in de 

stad en het succes van "OV-fiets". Bovendien ontdekken nieuwe groepen reizigers de fiets, 

zoals ouderen die langer fietsen, mensen die per bus of tram reizen en mensen met een 

niet-westerse achtergrond. Fietsgebruikers hebben duidelijk last van de drukte op 

fietspaden en kiezen daarom vaker voor een ander vervoersmiddel. Drukte lijkt ook van 

invloed op de veiligheids- en comfortbeleving van gebruikers van het fietspad. Het is 

belangrijk om te voorkomen dat het te druk wordt op een fietspad en dat meer mensen de 

fiets inruilen voor een ander vervoermiddel.  

Of een fietspad druk is, wordt nu bepaald aan de hand van enkele richtlijnen gebaseerd op 

de breedte van 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 ook daadwerkelijk druk vinden op dat fietspad. Volgens de definitie van 

drukte is het niet voldoende om zo het niveau van drukte te bepalen. Drukte wordt gezien 

als een negatieve evaluatie van een dichtheid of aantal ontmoetingen. Deze beoordeling is 

gebaseerd op een mening. Om het niveau van drukte te bepalen moet men meer weten 

over de locatie, de gewenste activiteit op die locatie en de personen die de betreffende 

situatie waarnemen. 

Het meten van de waargenomen drukte, veiligheid en comfort wordt gezien als een 

complexe cognitieve taak, dat is een taak die moeilijk te begrijpen is voor de respondent. Dit 

kan het geval zijn wanneer een groot aantal attributen in het onderzoek is opgenomen. Het 

gebruik van beelden, en dus de variabelen in een visuele vorm uitvoeren, kan helpen bij het 

verlagen van de cognitieve complexiteit voor de respondenten. De gekozen attributen op 

basis van literatuur zijn: intensiteitsniveau van fietsers, mate van duo fietsers in dezlefde 

richting als de waarnemer, mate van duo fietsers in tegenovergestelde richting dan de 

waarnemer, grondgebruiksfunctie, voetgangers naast het fietspad, vegetatie naast het 

fietspad, intensiteit van autoverkeer , fietspad breedte en kleur van het fietspad. Het met 

behulp van de genoemde attributen ontwikkelde Stated Preference experiment was volledig 

ingevuld door 1210 respondenten. In elk profiel beoordeelden deze respondenten de 

ervaren drukte, veiligheid en comfort. De profielen zijn aan de respondenten gepresenteerd 

ŀƭǎ ƪƻǊǘŜ ǾƛǊǘǳŜƭŜ ǾƛŘŜƻΩǎ (15 seconden_Φ Lƴ ŘŜȊŜ ǾƛŘŜƻΩǎ ǿŀǎ ƘŜǘ ǇŜǊǎǇŜŎǘƛŜŦ Ǿŀƴ ŘŜ ŦƛŜǘǎŜǊ 

weergeven op een twee-richting fietspad.  
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De resultaten laten zien dat alle gekozen attributen van invloed zijn op de waardering van de 

ervaren drukte, veiligheid en comfort. De intensiteit van de fietsers op het fietspad heeft 

veruit de grootste invloed op alle drie de afhankelijke variabelen. Verder lijkt de breedte van 

het fietspad een zeer belangrijke rol te spelen bij het bepalen van de afhankelijke variabelen. 

De rest van de attributen hebben een meer variërende rol qua invloed op de beleving van 

drukte, veiligheid en comfort van fietsers. De intensiteit van auto's naast het fietspad is 

bijvoorbeeld een belangrijke factor bij het bepalen van drukte, vegetatie speelt een grotere 

rol bij de waardering van het veiligheidsniveau en de kleur van het fietspad en de mate van 

naast elkaar fietsen zijn belangrijker bij het bepalen van het comfort level voor de fietser. 

Voor elke variabele werd gecontroleerd of er verschillen tussen groepen van respondenten 

waren. Er is vastgesteld dat er verschillen zijn tussen groepen in de waardering van de 

afhankelijke variabelen. 

De resultaten van dit onderzoek kunnen als informatiebron helpen bij het zoeken naar het 

'fietspad van de toekomst'. Uit de resultaten kan worden geconcludeerd dat om de ervaren 

drukte te minimaliseren en de ervaren veiligheid en comfort te maximaliseren: de intensiteit 

van de fietsers laag moet zijn, alle fietsers achter elkaar fietsen, het fietspad in het centrum 

van de stad ligt, er geen voetgangers naast het fietspad lopen, aan het fietspad struiken 

grenzen, het autoverkeer naast het fietspad geminimaliseerd wordt, de breedte van het 

fietspad daarentegen gemaximaliseerd wordt en uitgevoerd wordt in de kleur rood.  
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!ÂÓÔÒÁÃÔ  
 

Recently it has become increasingly more crowded on the cycle path in especially urban 

areas, this has a negative side. Recent research has shown that almost 10% of the cyclists 

have problems with busy cycle paths. About half of the cyclists choose sometimes a different 

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 comfort experience 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 chosen attributes based on literature are: 

intensity level of cyclists, level of duo cyclists in the same direction, level of duo cyclists in the 

opposite direction, land use, pedestrian level of activity, vegetation next to the bike path, 

intensity of car traffic, bike path width and color of bike path. A stated preference experiment 

was completed by 1210 respondents in which they valuated the perceived level of crowding, 

safety and comfort. In the video experiment was the perspective of a cyclists shown on a two 

way bicycle path. The 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 path width have the biggest influence on 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, safety, and comfort. This research may be seen 

as a contribution to crowding understandings on the bike path. This results of this study can 

help, as an information source, in the search to the 'bicycle path 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 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 path should be 

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 cities. CBS (the Dutch Central Bureau of Statistics) 

expects that three-quarters of the total population growth in the Netherlands will take place 

in the large cities until 2030 (CBS, 2016). This substantial increase in population brings a 

number of challenges. 

For example, the CROW, the knowledge center for bicycle policies of the Dutch authorities, 

predicts that without major measures many Dutch cities will clog up during the peak periods 

in five years. This is a doubling compared to the situation in 2016. According to CROW, this is 

because the focus of the Dutch government in recent years has been mainly on solving 

traffic jams on main roads. Little attention has been paid to the effects on urban 

accessibility. According to the CROW does solving these traffic jams with extra asphalt, 

bridges, and tunnels make little sense, since the maximum capacity of the urban road 

network has already been reached (Hijman, et al., 2016). 

The large concentration of cars in cities also means that there is a lot of particulate matter 

present in cities. For example, in the Netherlands the concentrations 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 deaths (Knol, 2014). The very poor air quality in the center of Eindhoven has 

stimulated the 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 

bicyclists and pedestrians (Van Hoof, 2017). According to Leendert van Bree, policy 

researcher at the Netherlands Environmental Assessment Agency, a healthy city means a 

place where people can live long, healthy, and in a clean environment. This requires not only 

a policy and plans aimed at limiting health damage, but also action aimed at promoting 

health and well-being (Van Summeren, 2015). The 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 mobility. In the Netherlands, this 

has also been seen in recent years as an important means to reduce the traffic on the roads. 

In the Netherlands, 61% 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, 2017). This is enough reason for the Dutch government to make cycling 

more attractive. For example, many fast-cycle routes have recently been created. Fast 

cycling routes ensure that cycling becomes an attractive mode of transport for larger 

distances (Lange, Talens, & Hulshof, 2017).  
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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 Utrecht, it is stated that there 

will be a good balance between accessibility, attractiveness, and quality of life. The bicycle is 

thereby seen as primary means of transport (Gemeente Utrecht, 2015). The city of 

Eindhoven also pays special attention to the bike. In recent years, the municipality invested a 

lot of money in improving the comfort for cyclists (Gemeente Eindhoven, 2009). There are 

also several pro-bike initiatives initiated by the Dutch government or organizations to 

stimulate bicycle usage instead of car usage. ! ǎǇŜŎƛŦƛŎ ŜȄŀƳǇƭŜ ƛǎ Ψ¢ǊŀǇǇŜǊǎΩ ƛƴƛǘƛŀǘŜŘ ōȅ нл 

organizations. The employees of these organizations got rewarded with points every time 

they biked to their work. They could exchange their points for a gift card. Research has 

shown that the bike usage rose with 13% (XTNT, 2009).  

More recently, the bike is undergoing a true revival. Especially 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 

2009 (Lange, Talens, & Hulshof, 2017). Last 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 e-bikes. Almost a third of all new bikes are electrical (Termaat, 2018).  

This growth has also a negative side. Recent research has shown that almost 10% of the 

cyclists have problems with busy cycle paths (Munckhof, Zengerink, & Avest, 2017). 

Antisocial behavior is often seen as the worst annoyance. Most cyclists experience crowding 

at locations in urban areas and in one third of the crowded cases it concerns a highly urban 

area. About half of the respondents choose sometimes a different 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 (Munckhof, Zengerink, & Avest, 

2017).  

It seems that the bike as a transportation mean is becoming its own enemy in especially 

urban areas. This could weaken the recent revival of the bike in the Dutch street scene.   

1.2 Research Question  and Objective   

Earlier research mentioned that there is more research needed to understand what 

influences the perceived level of crowding (Munckhof, Zengerink, & Avest, 2017). The bicycle 

does not seem to be going down in its success yet in this research. Although, it is important 

to avoid that it becomes too crowded on a bicycle path and more people are going to trade 

in the bike for different 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 routes. More and more initiatives are being developed to search for the 'bicycle path 
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of the future'. This is especially true now that the bicycle is playing an increasingly important 

role in cities (Provinciale Staten, 2018).  

Relatively not much research is executed regarding the perceived level of crowding. Usually, 

research is based on objective crowding, which is practically the intensity of the cyclists in 

relation to the width of the bike path. This is more executed as a guideline for planners. 

Though, it is in these cases unclear, whether cyclists experience such a cycle path as a 

crowded path and perhaps other attributes have an influence too in this experience. Since 

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

a different mode of transport, it appears that the intensity level also has an influence on the 

safety and/or comfort experience of users. It would be interesting to measure whether and 

to what extent the crowding on the cycle path affects these experiences. Eventually the 

following research question is composed: 

ñWhat is the influence of several bike path related attributes on the 
perceived level of crowding, safety and comfort?ò 

 
In order to be able to answer the above stated question, the following ǎǳōπǉǳŜǎǘƛƻƴǎ ŀǊŜ 
defined: 
 

¶ What is crowding? 

¶ What is crowding on bicycle paths? 

¶ What has previous research on crowding on bicycle paths demonstrated? 

¶ How can the perceived crowding, safety and comfort for cyclists be measured? 

¶ Which attributes influence the perceived crowding, safety and comfort by cyclists 

on bicycle paths? 

The objective of the research is to get more insight into the influence of attributes on the 

perceived level of crowding, safety, and comfort of bike paths. Special attention is paid to 

understanding of crowding on bike paths. Further the objective is to develop a 

simulation/animation which is credible for respondents. In a way that respondents can 

observe the real world in a controlled environment. At last, the researcher could advise 

authorities about important attributes influencing the perceived crowding, safety, and 

comfort based on findings of this research. 

This research has a few limitations. First of all the researcher will make a selection of 

interesting attributes to be researched based on literature. This means that not all possible 

bike path related attributes will be researched. Due to time limitations and skill level of the 

researcher, the level of detail will be limited in the simulations. Last, is it important to 

mention that 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 a topic in existing literature for quite a long time already. The 

ŦƛǊǎǘ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΥ άWhat is crowding?έ ǿƛƭƭ ōŜ ŀƴǎǿŜǊŜŘ ǳǎƛƴƎ ǘƘŜǎŜ ǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ǿƛƭƭ 

also possible provide for any theoretical components of crowding, which can be used later in 

the research. The general findings of crowding will be shown in paragraph 2.2. Crowding on 

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

ά²Ƙŀǘ ƛǎ ŎǊƻǿŘƛƴƎ ƻƴ ōƛŎȅŎƭŜ ǇŀǘƘǎΚέΣ ǿƛƭƭ ōŜ ŀƴǎǿŜǊŜŘ ǳǎƛƴƎ ǘƘŜǎŜ ƭƛƳƛǘŜŘ ǎŎƛŜƴǘƛfic 

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 and how it is measured. The 

crowding findings based on the bike path are shown in paragraph 2.3. Next, will all the 

relevant attributes be stated, which might influence the bicyclistΩǎ ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ 

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

next phase of the research. These findings are shown in paragraph 2.5 to 2.7. To answer the 

ƴŜȄǘ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΥ άHow can the perceived crowding, safety and comfort for cyclists be 

measured?έ, a few sources have been reviewed. The researcher would like special attention 

for this, since respondents need to review a quite complex situation. These findings are 

shown in paragraph 3.2. Afterwards the stated preference experiment is constructed. In this 

step there is special attention for the visualization of the used attributes. After the data 

collection and processing are the results analyzed in chapter 4. With the help of these results 

is the main question: ά²Ƙŀǘ ƛǎ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎŜǾŜǊŀƭ ōƛƪŜ ǇŀǘƘ ǊŜƭŀǘŜŘ ŀǘǘǊƛōǳǘŜǎ on the 

ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ ŎǊƻǿŘƛƴƎΣ ǎŀŦŜǘȅ ŀƴŘ ŎƻƳŦƻǊǘΚέ answered.  

1.4 Societal relevance  

Many people in 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 sometimes a crowded 

situation and about 10% of the population has problems with crowding on bike paths. This 

research could contribute to the bike path of the future. The researcher could advise 

institutions on how cyclists valuate the perceived crowding on bike paths and how to ensure 

that people do not change their bikes for another means of transport (with the perceived 

safety and comfort). This can therefore ensure that the bicycle remains a suitable alternative 

to the car for many people. Cities benefit from that, 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 regarding the 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. Paragraph 2.3 is about 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 bike paths. The next paragraph will be about the 

principle of Bicycle Level of Service. In paragraph 2.5 all the relevant attributes will be 

ƛƴǘǊƻŘǳŎŜŘ ǘƘŀǘ ƳƛƎƘǘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ōƛŎȅŎƭƛǎǘΩǎ ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ ŎǊƻǿŘƛƴƎΦ CƻǊ ǘƘŜ ǇŜǊŎŜƛǾŜŘ 

level of safety this will be 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 mixed up with 

the concept of density, both concepts are not the same. The following is seen as the 

ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŘŜƴǎƛǘȅΥ άDensity is a descriptive term that refers to the number of people per 

ǳƴƛǘ ŀǊŜŀΦέ (Shelby, Vaske, & Heberlein, 1989).The definition of crowding is the following: 

ά/ǊƻǿŘƛƴƎ ƛǎ ǎŜŜƴ ŀǎ ŀ ƴŜƎŀǘƛǾŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŀ ŘŜƴǎƛǘȅ ƻǊ ƴǳƳōŜǊ ƻŦ 

encountersά  (Stokols, 1972) 

Density can be measured by observing people or things and after that, compare these by the 

total area occupied. This measuring is relative objective. Crowding is a negative assessment 

of density. This assessment is done with an opinion that the observed number is too high for 

the area that is occupied. Because crowding is a value judgement, it is often used as the 

term Ψterceived crowdingΩ. Shelby, Vaske & Heberlein (1989) state that to determine the 

perceived crowding you will need to know more about: 

¶ the setting; 

¶ the desired activity; and 

¶ the individuals 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 both days not 
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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 village evaluate the perceived 

crowding differently in comparison with people who live in cities.  

2.2.1 Personal space 

Shelby, Vaske & Heberlein (1989) also 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 from others (Burgoon, 2006). Burgoon & Jones 

(1976) concluded that people do not tolerate extended physical contact with other people. 

Also people dislike being unnecessary close to other members of the species. Humans have a 

need for a certain degree of spatial insulation from other people.  

Researchers talk about the normative distance, which is the distance that is acceptable for a 

given communication context in a certain situation. The communication context is based on 

several features (Burgoon, 2006): 

¶ Characteristics of the people who observe the situation, like gender, age and status. 

¶ Characteristics of the interaction itself, like target of the interaction, formality and 

intimacy. 

¶ Characteristics of the environment, includes the amount of space available, weather 

and other things which might have an influence on the 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 than males (Baxter, 1970).  

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 

ǇǊŜŘƛŎǘŀōƭŜΣ Ŏŀƴ ŎŀǳǎŜ ŀ ŎƘŀƴƎŜ ƛƴ ǎƻƳŜƻƴŜΩǎ sense of control (Seligman, 1975). The 

disability to control any activities and outcomes in situations with a high density may 

contribute to the perceived crowding. An experiment by Rodin, Solomon & Metcalf (1978), 

concludes that there is a causal relationship between the degree on which the activity can 

be controlled and the perceived level of crowding (Mueller, 1981). 

2.2.2 Neutral and personal crowding  

Stokols (1976) stated that there are differences in 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 about interactions which derive directly from O are specifically pointed 

at P and the person perceives this as planned and intentionally by O. In figure 1 there are the 

varieties about the differences in kind of crowding shown schematically.  
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-Figure 1: 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 work floor and in 

ǎƻƳŜƻƴŜΩǎ ŘǿŜƭƭƛƴƎΦ {ŜŎƻƴŘŀǊȅ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀǊŜ ŀǊŜŀǎ ƛƴ ǿƘƛŎƘ ƛƴŘƛǾƛŘǳŀƭǎ ŎǊƻǎǎ ƻǘƘŜǊǎ 

who are relatively anonymous. Examples of this type of environment are traveling to work 

and shopping in the shopping mall (Stokols, 1976). With secondary 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 mutual-protection and 

physical-safety.  

Table 1 shows the four different basic types 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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-Table 1: A typology of crowding experiences (Stokols, 1976) 

 Primary Secondary 

P
e

rs
o
n
a
l T

h
w

a
rt

in
g 

Antecedents: 

Violation of spatial and social 

expectations in the context of 

continuous, personalized interaction 

Violation of spatial and social 

expectations in the context of 

transitory, anonymous interaction 

Experience: 

Rejection, hostility, alienation, high 

intensity, persistence and 

generalizability 

Annoyance, reactance, fear, moderate 

intensity, low persistence and low 

generalizability, tendency toward 

άƴŜǳǘǊŀƭƛȊŀǘƛƻƴέ 

Behavior: 
Behavioral withdrawal, aggression, 

passive isolation 
Self-defense, leave situation 

Example 

Situation: 

Antagonistic suitemates occupying 

mutual living space 

Approach by threatening strangers on 

a crowded street 

N
e
u
tr

a
l T

h
w

a
rt

in
g 

Antecedents: 

Violation of spatial expectations in the 

context of continuous, personalized 

interaction 

Violation of spatial expectations in the 

context of transitory anonymous 

interaction 

Experience: 

Annoyance, infringement, reactance, 

moderate intensity, persistence and 

low generalizability, tendency towards 

άǇŜǊǎƻƴŀƭƛȊŀǘƛƻƴέ 

Annoyance, reactance, low intensity, 

persistence and generalizability 

Behavior: 

Behavioral withdrawal, improve 

coordination with others, 

augmentation of psychological space 

Improve coordination with others, 

augmentation of psychological space 

Example 

Situation: 
Family confined to a small apartment 

Attendance of a crowded concert, 

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 occupants and the effects crowding has on 

their behavior (Kim, Lee, & Sirgy, 2016). The 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, 2009) specified two different crowding situations, these are human and 

spatial crowding and can result in different emotions for the occupants. With spatial 

ŎǊƻǿŘƛƴƎ ƛǎ ƳŜŀƴǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ άfeelings of restricted physical body movement due to high 

spatial densityέ (Li, Kim, & Lee, 2009). This kind of crowding can lead to negative emotions. 
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With human crowding the following is meant: άŦŜŜƭƛƴƎǎ ǊŜƭŀǘŜŘ ǘƻ ƘƛƎƘ ƘǳƳŀƴ ŘŜƴǎƛǘȅ 

reflective of social interactionsέ (Li, Kim, & Lee, 2009). This kind of crowding is the 

crowdedness seen as wanted, for example at a concert. This kind of crowding leads in most 

of the cases to positive emotions.  

2.3 Crowding on bicycle paths  

Recently the bike is undergoing a true revival in the Netherlands. Especially 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 2009 (Lange, Talens, & Hulshof, 2017). Last 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 e-bikes. Almost a third of all new bikes are electrical 

(Termaat, 2018). The bike is especially used in trips till 5 km. Fast cycling routes ensure that 

cycling becomes an attractive mode of transport for larger distances (Lange, 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 Holland (Vlaardingen24, 2017). The bicycle will be a lot more attractive for people 

who live within cycling distance of their work in comparison with the car, with the renewed 

connection (Vlaardingen24, 2017). A lot of cities have policies that discourage the use of the 

car in the city center. Several specific measures are paid parking, less room in the city for 

cars and a ban of cars that exceed the pollution limit (Theeuwen, 2017). 

This regained interest and share of the bicycle in the Dutch street scene is partly because 

new groups discover the bike as transportation means (Lange, Talens, & Hulshof, 2017): 

ω 9ƭŘŜǊƭȅ ǇŜƻǇƭŜ ŎƻƴǘƛƴǳŜ ǘƻ ŎȅŎƭŜ ŦƻǊ ŀ ƭƻƴƎŜǊ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜ due to the availability of e-

bikes. For seniors, cycling becomes more attractive because of the availability of E-bikes. E-

bikes offer people faster travel with less physical effort. Additionally, it is 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 that by 2040, people are on average 81 years when they start experiencing any 

physical limitations (De Zeeuw, 2018).  

ω tŜƻǇƭŜ ǿƘƻ ǳǎŜŘ ǘƻ ǘǊŀǾŜƭ ōȅ ōǳǎ ƻǊ ǘǊŀƳ ƳƻǊŜ ƻŦǘŜƴ ŎƘƻƻǎŜ ǘƘŜ ōƛƪŜ as transportation 

mean. This might be caused by price increases in public transport. In the past ten years the 

average prices for travelers in the public transport rose with almost 26 percent (Voermans, 

2017). In the period from 2010 till 2017 the total distance that Dutch people 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% (CBS, 2018). 
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ω ¢ǿƻ-income families more often live in urban areas within cycling distance of a train 

station. Cycling from home to the station is very common in the Netherlands. Around 33% of 

train passengers do that. The bicycle thus brings the train within reach, especially for 

travelers who live one to three kilometers from a station (Fietsverkeer, 2003). 

ω TǊŀǾŜƭŜǊǎ ǳǎŜ ƳƻǊŜ ƻŦǘŜƴ ǘƘŜ Ψh±-ōƛƪŜΩ ǘƻ ǊŜŀŎƘ ǘƘŜƛǊ Ŧƛƴŀƭ ŘŜǎǘƛƴŀǘƛƻƴΦ The NS, the Dutch 

ǊŀƛƭǊƻŀŘ ŎƻƳǇŀƴȅΣ ǎǘŀǊǘŜŘ ƛƴ нллу ǿƛǘƘ ǘƘŜ Ψh±-ōƛƪŜΩΦ ¢ǊŀǾŜƭŜǊǎ Ŏŀƴ ǊŜƴǘ ŀ ǎǇŜŎƛŀƭ ōƛƪŜ ŦǊƻƳ ŀ 

busy public transport hotspot for a relative cheap price. Last decade the usage of these bikes 

Ƙŀǎ ƎǊƻǿƴ ƭŀǊƎŜƭȅΦ Lƴ нлмт ŀ ǘƻǘŀƭ ƻŦ оΦн Ƴƛƭƭƛƻƴ ōƛƪŜ ǊƛŘŜǎ ǿŜǊŜ ŜȄŜŎǳǘŜŘ ƻƴ ŀƴ Ψh±-ōƛƪŜΩΦ 

This bike is often used by train travelers for their final part of their trip and is for instance an 

alternative for the bus or metro (Nederlandse Spoorwegen, 2018). 

ω aƻǊŜ ǇŜƻǇƭŜ ǿƛǘƘ ŀ ƴƻƴ-western background discover the bicycle. The bicycle has still 

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 success cycling lessons for 

several years already, specifically for non-western women (Harms L. , 2006). 

ω tǊƛƳŀǊȅ ǎŎƘƻƻƭ ǎǘǳŘŜƴǘǎ Ǝƻ ƳƻǊŜ ƻŦǘŜƴ ǘƻ ŀ ǎŎƘƻƻƭ ƻǳǘǎƛŘŜ ǘƘŜ ƴŜƛƎƘōƻǊƘƻƻŘ, which is not 

within walking distance. In ten years the average distance to a primary school for students is 

increased by 100 meters in the Netherlands (CBS, 2015). 

Figure 2 shows that bicycle use has increased by 36 percent since the mid-1980s for all 

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

period (Harms L. , 2017). In Nijmegen the morning peak is so busy that it leads to a lot of 

bike congestion and irritations. Harriët 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 she is pleased that more and more people are 

taking the bike in Nijmegen (De Gelderlander, 2016)Φ IŀǊƳǎ όнлмтύ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘƛǎ ΨƳƻŘŀƭ 

ǎƘƛŦǘΩ ƛƴ ǘƘŜǎŜ ŎƛǘƛŜǎ ŀǊŜ ǇŀǊǘƭȅ ŘǳŜ ǘƘŜ ŎƘŀƴƎŜŘ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ǘƘŜ ƭƻŎŀƭ 

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.  
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-Figure 2: Number of trips (x 1,000) from/to/within Amsterdam by residents per working day by means of 
transport in period between 1986-2014 (Gemeente Amsterdam, 2015) 

 

2.3.1 Problematic places  

Recent research has shown that almost 10% 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 areas and in 33% of the crowded cases it concerns a highly urban area 

(Munckhof, Zengerink, & Avest, 2017). When it is crowded on bicycle paths, cyclists find it 

annoying that they have to wait a long time at traffic lights. Unable to bike 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 at 

home to choose other means of transport because of the crowded bicycle paths (Munckhof, 

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 regarding crowded bicycling paths. Several 

touristic zones are experiencing crowding issues on their bike paths. It can also be quite 

crowded on connecting cycle routes between the centers of different cities. The moments of 

the largest crowds in urban areas are the (school) peak hours, where the morning peak is the 

most crowded. The most crowded bicycle paths in the urban area are located (Lange, Talens, 

& Hulshof, 2017): 

ω Lƴ ǘƘŜ ŎŜƴǘŜǊ of cities, 

ω !ǘ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ŀƴŘ ŎǊƻǎǎƛƴƎǎ ŦƻǊ ǇŜŘŜǎtrians, especially if there are long waiting times, 

ω hƴ ǊƻŀŘǎ ǿƛǘƘ ƭƛƳƛǘŜŘ ǿƛŘǘƘΣ 

ω Lƴ ǎǘǊŜŜǘǎ ǿƛǘƘ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǳǎŀƎŜ ŦǳƴŎǘƛƻƴǎ όǎǳŎƘ ŀǎ ǎƘƻǇǇƛƴƎΣ ǇŀǊƪƛƴƎΣ ǿŀƭƪƛƴƎΣ ŎŀǊ-

usage and bike-usage), 

ω hƴ ǊƻǳǘŜǎ ǘƻ ǎǘŀǘƛƻƴǎ ŀƴŘ ŜŘǳŎŀǘƛƻƴŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎΣ 

ω hƴ Ŏonnections 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 increased strongly in relative and absolute amounts (Harms L. , 2017). The 

Dutch annual bike count week (Fietstelweek) has demonstrated that several locations in 

these cities have a very high bike usage intensity. This research demonstrated that this is 

also the case in the following cities: Groningen, Den Haag, Rotterdam and Eindhoven 

(Rottier, 2017). Figure 3 shows the intensity heat map for the Dutch cities: Utrecht, 

Amsterdam and Maastricht. These maps are retrieved from the bike count week research of 

2016.  

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

concerning 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. An example of 

such a determination is shown in Appendix A. However, it is questionable whether users also 

find it crowded on that bike path. According to paragraph 2.2, this is a wrong way to 

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

environment and is based on opinions of the users.  
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-Figure 3: 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 paragraph 2.2.2, crowding on bike paths has been subject of several 

researches. Bryon & 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 types of factors (Bryon & 

Neuts, 2008): 

ω tƘȅǎƛŎŀƭ ŦŀŎǘƻǊǎΣ ǘƘŜǎŜ ŀǊŜ ƻōƧŜŎǘƛǾŜ ǇƘȅǎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǎǳŎƘ ŀǎ ǘƘŜ 

width of the bicycle path or the number of cyclists. 

ω {ƻŎƛŀƭ ŦŀŎǘƻǊǎΣ ƘŜǊŜ ƛǘ ŎƻƴŎŜǊƴǎ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ other people in the vicinity of the 

individual. If the behavior of these people to whom the individual is exposed does not meet 

his own standards and values, this leads to irritation. 
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ω LƴŘƛǾƛŘǳŀƭ ŦŀŎǘƻǊǎΣ ǘƘƛǎ Ŏŀƴ ōŜ ƭƛƴƪŜŘ ǘƻ ǎƻŎƛƻ-demographic variables. Past experiences also 

play a role in how the individual experiences crowding. Each person perceives the situation 

in his or her own way.  

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

of crowding among cyclists. This research was carried out on rural roads. The relationship 

between the ŎȅŎƭƛǎǘǎΩ perceived level of crowding and the traffic intensity on rural roads in 

the vicinity of Zwolle was researched. The conclusion of the research was that the higher the 

intensity of the cyclists, the more crowded the respondents found it. These researchers also 

found some differences in the assessment of crowding among different sexes and age. More 

about this in paragraph 2.5. 

Botma & Papendrecht (1992) carried out a simulation model concerning the quality of traffic 

flow on separate cycle paths. In this simulation the degree of nuisance for users of the bike 

path is encountered in maneuvers such as overtaking or meeting other bicycle users on the 

bike path. This research resulted in several interesting conclusions, concerning differences in 

speed and cycling next to each other, these conclusions will also be discussed further in 

paragraph 2.5.  

In another study by de Groot-Mesken et al. (2015) attention is paid to crowding on the bike 

path in relation to the increasing unsafety on those paths. Particularly in big cities there is a 

lot of concern about the crowding on bike paths and how to deal with this. The research 

wanted to investigate, among other things, whether the behavior on more crowded bicycle 

paths is different than on more uncrowded paths and whether this manifests itself in 

conflicts. In the study, a cycle path is referred to a cycle path that is too narrow for the bike 

intensity. It has been established that the speed variation on more crowded bike paths is 

smaller. Unfortunately, the research could not prove whether crowded bike paths are less 

safe due to the research method used. 

Munckhof et al. (2017) have investigated the crowding on bike paths most recently. With the 

help of a survey among 2,063 people, it was investigated which factors influence the 

perceived crowding among cyclists. The respondents were asked to remember a crowded 

situation they recently experienced and answer several questions with this past situation in 

their minds. The most important conclusion from the survey was that 10% of cyclists had 

serious problems with crowding on the bike path, as mentioned earlier in this chapter. 

Subsequently, 33% of the respondents sometimes take another mean of transport due the 

crowding on the bike paths. Other findings about the influencing factors will be discussed in 

paragraph 2.5. The authors of this research advise for a follow-up study to show the 

causality between subjective crowding versus 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 of 1965. άThe 

concept of LOS is defined as a qualitative measure describing operational conditions within a 

traffic stream, and 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, comfort and convenience, and safety" (National 

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 

ōƛŎȅŎƭƛǎǘǎ ŀǊŜ ƳƻǊŜ ǇƻƛƴǘŜŘ ǘƻ ǘƘŜ άǉǳŀƭƛǘȅ ƻŦ ǎŜǊǾƛŎŜέ ŀƴŘ Ƴeasured by the perceived 

comfort, safety and ease of mobility. Important is that the quality of the traffic stream has to 

be assessed as experienced by the user (Performance & Analysis, n.d.). 

There are many different ways to measure 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 (one-way or two-way) 

(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 example, Navin 

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

of A has each cyclists more than 9.3 m2 space 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 than 3.0 m2  

to occupy on the bike path and almost no freedom to maneuver. The rest of the suggested 

values are shown in table 2. 

 

-Table 2: Level of Service for a Cycle Path regarding density determinant (Navin, 1994) 

LOS m2 / bic 
k 

bic / m2 

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 ҖоΦл 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 of Transportation, 2013) as 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 kinds of maneuvers on the bike path 
which can be specified: 

¶ Passing a cyclist going in the same direction 

¶ Meeting a cyclist going in the opposite direction 

¶ 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 bike path. With a 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 2.1 the frequency of the 
passing on the bike path can be calculated.  
 
 

Ὂ = 2ὗ„/{ὟЍ“}         (2.1) 

Where 
Ὂ = Frequency of passing 
Ὗ Ґ ǘƘŜ ƳŜŀƴ ǎǇŜŜŘ όŘŜŦŀǳƭǘ ƻŦ му ƪƳѷƘύ 
„ Ґ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ǎǇŜŜŘ όŘŜŦŀǳƭǘ ƻŦ о ƪƳѷƘύ 
ὗ= volume of bicycles (bicycles/h) 

This leads to the following suggestions to determine the LOS for bike paths, as shown in 

table 3. With a 2-lane Botma (1995) means a path where bicyclists can cycle with two people 

next to each other. On a 3-lane path is this possible with three people.  

 

-Table 3: Service Volumes According to Hindrance Criterion (Botma, 1995) 

LOS 

% with 

Hindrance 

over 1 km 

Service volume 

(bic/h) (one way) 

2-lane 3-lane 

A 0-10 130 780 

B 10-20 260 1560 

C 20-40 520 3120 

D 40-70 910 5460 

E 70-100 1300 7800 

F 100 --- --- 
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2.5 !ÔÔÒÉÂÕÔÅÓ ÉÎÆÌÕÅÎÃÉÎÇ ÂÉÃÙÃÌÉÓÔȭÓ ÐÅÒÃÅÉÖÅÄ ÌÅÖÅÌ ÏÆ 

crowding  

In this paragraph all the relevant attributes will be stated that ƳƛƎƘǘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ōƛŎȅŎƭƛǎǘΩǎ 

perceived level of crowding. This paragraph is divided in four sub paragraphs:  

¶ Traffic conditions on bicycle path, 

¶ Surrounding bicycle path, 

¶ Physical bicycle path conditions, 

¶ Individual factors. 

 

2.5.1 Traffic conditions o n bicycle path  

The research of Klinkers & van Hoorn (1987) concluded that the higher the intensity of the 

cyclists is the more crowded the respondents find it. 

The study by Botma & Papendrecht (1992) clearly showed that people experience a lot of 

annoyance when the share of mopeds increases on the bike path. The biggest annoyances 

concerning the mopeds are the speed differences, smell, and noise. 

Furthermore, the same study showed that people experience a lot of annoyance when the 

level of duo-cyclists increases. 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 annoyance. Munckhof, Zengerink, & Avest (2017) also state that the level of duo-

cyclists 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 phones, overtaking without paying 

attention, and unexpected movements. 

The level of speed differences is a less important social contributor to the perceived level of 

crowding. Though speed differences are a big issue on bike paths recently, due the 

popularity of E-bikes and racing bikes (Munckhof, Zengerink, & Avest, 2017). According to 

Martijn van Es of the Fietsersbond, the annoyances of race bikes have increased 

considerably in recent years and the infrastructure becomes overcrowded. This might be due 

Dutch professional cyclists who had recently successes in big tours (Van den Broek, 2018). 

2.5.2 Surrounding bicycle path  

As described in paragraph 2.2 the desired activity for a specific location, among other things, 

is important in the evaluation of the perceived crowding (Shelby, Vaske, & Heberlein, 1989). 

¢Ƙƛǎ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǇŜǊŎŜƛǾŜǊΩǎ Ǉŀǎǘ ŜȄǇŜǊƛŜƴŎŜǎ ƻŦ ǘƘŀǘ ƭƻŎŀǘƛƻƴ (Bryon & Neuts, 2008). 

Land use plays 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 times, the land use is clear to the observer due to its 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 two-way bike path (in comparison with one-way bike 

paths) (figure 4). This might indicate that the number of directions is a relevant attribute to 

perceived level of crowding on bike paths.  

The same research also states that cycling on a bike path next to the roadway may influence 

ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ŎȅŎƭƛǎǘΩǎ ǇŜǊŎŜƛǾŜŘ ŎǊƻǿŘƛƴƎΣ ǘhis in comparison with bike paths with no 

roadway near (figure 4). The bike path type might play a role in the perceived level of 

crowding.  

Just like intensity level the width of the bike path is a 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 perceived level of crowding on bike paths.  

Bike paths are often red, but there are plenty cases where the bike path is gray (tiles) or 

black (asphalt). The previously mentioned research has shown that the color of the bike 

path makes no difference in perceived level of crowding (figure 4). At last, the same research 

found that there was an obvious difference between the material of the bike path and the 

perceived crowding.  

 

 

-Figure 4: 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) have found in their research that there is a significant difference 

between men and women (gender) when evaluating the perceived level of crowding. Male 

respondents are more likely to evaluate situations as less crowded in comparison with the 

female respondents. Though, 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 also tolerate closer interpersonal contacts than males 

(Baxter, 1970).  

Klinkers & van Hoorn (1987) concluded that there is a relationship between age and 

valuation of the perceived crowding on the bike path. Older cyclists evaluate the situation in 

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

ΨƻƭŘŜǊΩ ŀƴŘ ΨȅƻǳƴƎŜǊΩ ǿŀǎ ǎŜǘ ƻƴ рм ȅŜŀǊǎ ƻƭŘΦ ! ǇƻǎǎƛōƭŜ ŜȄǇƭŀƴŀǘƛƻƴΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

researchers, is a difference in observation and perception for the distinguished groups. It 

could be that older respondents are less critical about a situation in comparison with 

younger respondents.  

Although the previous researches in this paragraph found that there is a significant 

relationship between age/gender and the valuation of the crowded situation, Botma & 

Papendrecht found that there was no significant difference in their research concerning the 

level of annoyance on the bike path and these two individual factors.  

Finally, Krabbenborg et al. (2015) found that respondents from less populated urban areas 

(defined as fewer than 1500 addresses per km2) have a strong aversion to crowded cycle 

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

indicate that the urbanity levels ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΩ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ have an influence on the 

perceived level of crowding on people.  

2.6   !ÔÔÒÉÂÕÔÅÓ ÉÎÆÌÕÅÎÃÉÎÇ ÂÉÃÙÃÌÉÓÔȭÓ ÐÅÒÃÅÉÖÅÄ ÌÅÖÅÌ ÏÆ safety 

Godefrooij (2018) sees a clear relationship between the perceived crowding on the bike path 

and the perceived safety by the cyclists. If it gets too crowded, it can lead to unsafe 

situations. In this paragraph all the relevant attributes will be stated, which might influence 

ǘƘŜ ōƛŎȅŎƭƛǎǘΩǎ ƭŜǾŜƭ ƻŦ ǎŀŦŜǘȅΦ This paragraph is divided into four sub paragraphs:  

¶ Traffic conditions on bicycle path, 

¶ Surrounding bicycle path, 

¶ Physical bicycle path conditions, 

¶ Individual factors. 
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2.6.1 Traffic conditions on bicycle path  

Lankhuijzen et al. (2016) mention that most people, who find it unsafe on the bike path 

blame the behavior of other road users. This could therefore be unnecessarily cycling next to 

each other, use of mobile telephone or other social contributors, like cycling on the wrong 

side of the bike path and overtaking without paying enough attention. The same research 

states that some cyclists experience annoyance by big groups of professional cyclists who 

pass by in a high velocity. For the cyclists in some cases this can be very surprising and can 

cause unsafe situations (Lankhuijzen, Ruijs, & Orsouw van, 2016). Speed differences might 

also cause unsafe situations for users of the bike path. Speed pedelecs can, according to a 

research, be quite dangerous when the capacity of the cycle path is already limited. This 

might be one of the reasons why at the moment it is not allowed anymore to use a speed 

pedelec on a regular bike path (Schepers & Voet, 2014). ΨbƻǊƳŀƭΩ ŎȅŎƭƛǎǘǎ ƳƻǾŜ ƻƴ the bike 

path with a maximum speed of 19 km/h. An E-bike user can cycle with a maximum of 32 

km/h which is clearly faster.  

VVN, an organization that works for safe traffic in the Netherlands, believes that bicycle 

paths should be made more suitable for e-bikes. According to VVN, speed differences on the 

bike path between electric and normal bicycles cause often accidents (ANP, 2018). 

On two-way cycle paths, which are often too narrow and where the cyclist needs to pay 

attention to cyclists from the other direction it is safer to cycle one behind the other. Safety 

problems only exist on routes with capacity problems (Lehner-Lierz, 2006). The level of duo-

cyclists might influence the perceived safety. Duo-cyclists are two cyclists who bike next to 

each other.  

2.6.2 Surrounding bicycle path  

Cox et al. (2017) found that car drivers perceive roads in rural areas as less risky than roads 

in urban areas. This might indicate that car drivers feel less safe in urban areas. In most cases 

in urban areas there is more traffic on the road. This might cause this difference. It is not 

proven whether this difference also exists among bicycle users. An article in a newspaper 

mentions the dangers of cycling on rural roads, but this is more about cycling in rural areas 

with no separate bike paths (Brady, 2011). On the other hand Jaarsma (2011) states that 

rural roads are clearly more unsafe for cyclists. This might indicate that the land use based 

on urbanity can influence the perceived safety by the cyclists.  

Research about subjective safety showed that cyclists feel particularly threatened by 

motorized traffic. This is remarkable while most (serious) accidents in cycling happen with 

no other traffic users involved (unilateral accidents). These specific accidents can occur for 

example because of an obstacle on the road or bike path. But related to the subjective safety 

it appears that cyclist are hardly afraid for this kind of accidents (Christmas et al., 2010, as 

cited in Schepers & van der Voet, 2014).  
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Evans-Cowley & Akar (2013) stated that cyclists may feel safer with the presence of 

pedestrians on the street. They conducted a research in which adult students viewed a 

series of paired slides of images of 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 bicycle. The more pedestrians were seen, the more likely the scenario was chosen. 

The same research concludes that trees next to street give some mixed results concerning 

the likelihood of being chosen. This might be mostly because of safety perceptions, as stated 

by the authors. Trees, which were a bit set back from the streets were more likely to be 

chosen by cyclists in comparison with the scenario with no trees. On the other hand, 

scenarios in which the trees were closer and denser trees to the cyclist were less likely to be 

chosen. This might be because of the decreasing visibility for the cyclists.  

2.6.3 Physical bicycle path conditions  

De Groot-Mesken 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 width play a big role in unsafe situations among the cyclists. 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 risks (De Goede, Obdeijn, & Van der 

Horst, 2013). For some cyclists, the width of the bike path is reason for dissatisfaction. On 

narrow bike paths, the scooters and e-bikes will come close to the cyclists at a higher speed 

and since there is limited space available in this kind of bike paths, this can cause an unsafe 

feeling for the cyclists (WoW, 2017).  

As mentioned in the previous paragraph most of the bike accidents happen with no other 

traffic users involved. It has been found that approximately half of this kind of accidents is 

(partly) related to one or more infrastructure-related factors. A loose tile is often mentioned 

as a possible cause (Schepers et al., 2009). The material of the bike path might be an 

indicator for the perceived safety by the cyclists.  

2.6.4 Individual factors  

DeJoy (1992) states that males tend to take more risks concerning driving behavior in 

ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŦŜƳŀƭŜǎΦ άThere were clear gender differences in the ratings of accident 

likelihood and seriousnessέ (DeJoy, 1992). This research might indicate that males feel safer 

on the road, regarding their risk-taking behavior. Although, it is not with certainty to say 

whether gender differences have influence on the perceived level of safety on the bike path, 

since this research is based on car drivers.  

Shigematsu et al. (2009) concludes that there is a significant difference between age groups 

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 safe. Again it is not 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 tend to take much more risks in traffic. This concludes a 

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

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

more secure and safe in a car (Rakauskas, Ward, & Gerberich, 2009). It is not certain 

whether this is also the case on a bicycle. The urbanity levels ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΩ ǊŜǎƛŘŜƴǘƛŀƭ 

areas might influence the way they perceive the level of safety on the bike path.  

2.7 !ÔÔÒÉÂÕÔÅÓ ÉÎÆÌÕÅÎÃÉÎÇ ÂÉÃÙÃÌÉÓÔȭÓ ÐÅÒÃÅÉÖÅÄ ÌÅÖÅÌ ÏÆ 

comfort  

In this paragraph all the relevant attributes will be stated, which might influence the 

bicyclistΩǎ ƭŜǾŜƭ ƻŦ ŎƻƳŦƻǊǘ. This paragraph is divided in four sub paragraphs:  

¶ Traffic conditions on bicycle path, 

¶ Surrounding bicycle path, 

¶ Physical bicycle path conditions, 

¶ Individual factors. 

2.7.1 Traffic conditions on bicycle path  

The intensity of bicyclists on the bike path is found to have a negative impact on the 

ōƛŎȅŎƭƛǎǘΩǎ ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ ŎƻƳŦƻǊǘΦ άBicyclists do not like to ride in heavy amounts of 

bicycle traffic because high bicycle flow rate increases disturbances among bicyclesέ (Li, 

Wang, Zhang, Lu, & Ragland, 2011). Bai et al. (2015) state that bicyclists are more likely to 

have a low level of comfort as the volume of the amount of bicyclists increases on the bike 

path. 

In a recent bicycle research in collaboration with the municipality of Rotterdam it is shown 

that residents with an ordinary bike feel less comfortable because of the presence of 

vehicles with a higher velocity. It is forbidden to ride mopeds on bike paths, but according to 

the residents this rule is often violated. The residents of Rotterdam also experience 

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

path (Groenendijk, Olde Kalter, & Sturm, 2017). Another research states that the e-bikes are 

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

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

path (De Goede, Obdeijn, & Van der Horst, 2013). It seems that speed differences on the 

ōƛƪŜ ǇŀǘƘ Ǉƭŀȅ ŀ ōƛƎ ǊƻƭŜ ƛƴ ǘƘŜ ŎȅŎƭƛǎǘǎΩ ǇŜǊŎŜƛǾŜŘ ŎƻƳŦƻǊǘΦ  
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The research by Botma & Papendrecht (1992) has shown that cycling next to each other can 

cause major nuisance for the other users of the bike path. This study shows a significant 

relationship between the level of duo-cyclists and the perceived nuisance.  

2.7.2 Surrounding bicycl e path 

Lee, Jennings & El-Geneidy (2010) stated that 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 areas. A commercial area is a 

street where a lot of commercial buildings are located, for example restaurants, shops and 

offices. A commercial area is mostly an area with a lot potential conflicts with other traffic 

such as motor vehicles. This kind of environments is also more likely to be busy. This might 

be a reason why cyclists prefer not to choose cycling in a commercial area. This is also the 

case for paths next to highways and major roads. This might indicate that the land use based 

on urbanity can influence the perceived comfort by the cyclists.  

The amount of pedestrians next to the bike path is an attribute to consider. Lee, Jennings & 

El-Geneidy (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 level of pedestrians next to the 

bike path can have a negative contribution to the usersΩ perception of comfort. Tough, 

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

experienced comfort for cyclists (Krabbenborg, Annema, & Snellen, 2015). This is also 

concluded by another research by Evans-/ƻǿƭŜȅ Ŝǘ ŀƭΦ όнлмоύΣ ǿƘƛŎƘ ǎŀȅǎ ǘƘŀǘ άthe presence 

of pedestrians on the street may give a sense of safety and security to bicyclistsέΦ  

The use of vegetation, especially the presence of trees and shrubs, has positive effects on 

preference. Residents respond with a relative low preference to landscapes that contain only 

grass vegetation. The use of grass as vegetation has little effect on preferences (Ulrich, 

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 by cyclists. This is in 

comparison with streets without any vegetation. Though, this depends on the position of the 

tree, as described in paragraph 2.5.2 (Evans-Cowley & Akar, 2013). 

As described earlier in this paragraph cyclists try to avoid roads with high car intensity (Lee, 

Jennings, & El-Geneidy, 2010). Another research found that the more visible vehicles, the 

least the likelihood of choosing this situation. This indicates that the increasing traffic 

intensity has a possible negative effect of the comfort of bicyclists (Evans-Cowley & Akar, 

2013). At last, van Overdijk (2016) stated that the traffic speed has a negative effect on 

ŎȅŎƭƛǎǘΩǎ ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ ŎƻƳŦƻǊǘΦ   
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2.7.3 Physical bicycle path conditions  

Sener et al. (2009) found 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 more ƳŀƴŜǳǾŜǊƛƴƎ ǊƻƻƳ ŀƴŘ ƴƻǘ ǿŀƴǘǎ ǘƻ ōŜ άboxedέΦ Though 

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. The type of the bike path might have 

a major influence on the perceived level of comfort by the bicyclist.  

The width of the bicycle path has a positive relation with the perceived level of comfort for 

the bicyclist. Wider paths provide more space for cycling (Li, Wang, Zhang, Lu, & Ragland, 

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.  

The color 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 this blue (Verkeer in Beeld, 

2015). Color can play a role on emotions, behavior and functioning, because the brain 

associating a color with certain concepts. A single color however can have multiple 

associations. The color red may be associated with negative concepts such as danger and 

fear. The color blue is associated with safety, softness and calmness (Hill & Barton, 2005) as 

found in (Luttels, 2013). 

2.7.4 Individual factors  

Krabbenborg et al. (2015) stated that people who live in rural areas tent to have a strong 

preference for routes with trees, in comparison with people who live in more urban areas. 

The urbanity levels ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΩ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ƳƛƎƘǘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǿŀȅ ǘƘŜȅ ǇŜǊŎŜƛǾŜ 

the level of comfort on the bike path. 

Males prefer lower car intensities next to the route, in comparison with females (Sener, 

Eluru, & Bhat, 2009). Although, it is not with certainty to say whether gender differences 

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 4 shows an overview of all found literature, corresponding to the possible included 

attributes and the three dependent variables.  
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-Table 4: Overview found literature 

Attribute 

Group 

Attributes Perceived level of crowding Perceived level of 

safety 

Perceived level of comfort 

Traffic 

conditions on 

bike path 

Intensity level of 

cyclists 

(Klinkers & van Hoorn, 1987)  (Li, Wang, Zhang, Lu, & Ragland, 

2011), (Bai, Liu, Li, & Wang, 2015) 

Share of mopeds (Botma & Papendrecht, 

1992) 

(WoW, 2017) (Groenendijk, Olde Kalter, & Sturm, 

2017) 

Level of duo cyclists (Botma & Papendrecht, 

1992),(Munckhof, Zengerink, 

& Avest, 2017) 

(Lehner-Lierz, 2006) (Botma & Papendrecht, 1992) 

Level of speed 

differences 

(Munckhof, Zengerink, & 

Avest, 2017) (Van den Broek, 

2018) 

(Lankhuijzen, Ruijs, & 

Orsouw van, 2016) 

(De Goede, Obdeijn, & Van der Horst, 

2013) 

Surrounding 

bike path 

Land Use (Shelby, Vaske, & Heberlein, 

1989), (Bryon & Neuts, 

2008) 

(Cox, Beanland, & 

Filtness, 2017), (Brady, 

2011) 

(Lee, Jennings, & El-Geneidy, 2010) 

Level of pedestrian 

activity 

 (Evans-Cowley & Akar, 

2013) 

(Lee, Jennings, & El-Geneidy, 2010), 

(Krabbenborg, Annema, & Snellen, 

2015), (Evans-Cowley & Akar, 2013) 

Vegetation  (Chirstmas, Helman, 

Buttress, & Newman, 

2010) 

(Ulrich, 1986), (Evans-Cowley & Akar, 

2013) 

Intensity Car Traffic  (Chirstmas, Helman, 

Buttress, & Newman, 

2010) 

(Lee, Jennings, & El-Geneidy, 2010), 

(Evans-Cowley & Akar, 2013), (Van 

Overdijk, 2016) 

Physical bike 

path 

conditions 

 

Width Bike Path (Munckhof, Zengerink, & 

Avest, 2017) 

(Groot-Mesken, 

Vissers, & 

Duivenvoorden, 2015), 

(De Goede, Obdeijn, & 

Van der Horst, 2013) 

(Li, Wang, Zhang, Lu, & Ragland, 

2011) (Bai, Liu, Li, & Wang, 2015), 

(Sener, Eluru, & Bhat, 2009) 

Bike path type (Munckhof, Zengerink, & 

Avest, 2017) 

 (Sener, Eluru, & Bhat, 2009), (Broach, 

Dill, & Gliebe, 2012), (Li, Wang, 

Zhang, Lu, & Ragland, 2011) 

Color of Bike Path (Munckhof, Zengerink, & 

Avest, 2017) 

(Schepers, Brinker 

den, & Ormel, 2009) 

(Hill & Barton, 2005), (Luttels, 2013) 

Individual 

factors 

Gender (Klinkers & van Hoorn, 

1987), (Baxter, 1970) 

(DeJoy, 1992) (Sener, Eluru, & Bhat, 2009) 

Age (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 crowding is defined. This crowding assessment is done with 

an opinion that the observed number is too high for the area that is occupied. Because 

ŎǊƻǿŘƛƴƎ ƛǎ ŀ ǾŀƭǳŜ ƧǳŘƎŜƳŜƴǘΣ ƛǘ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ŀǎ ǘƘŜ ǘŜǊƳ ΨtŜǊŎŜƛǾŜŘ ŎǊƻǿŘƛƴƎΩΦ 

Furthermore, the state of crowding on bike paths in the Netherlands is explained. The 

increase in intensity of cyclists is due a number of measures. Also new groups discovered the 

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 to the general definition of crowding, is this a wrong 

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

particular environment and is based on opinions of the users. A bicycle level of service 

determination might be more appropriaǘŜ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ άǉǳŀƭƛǘȅ ƻŦ ǎŜǊǾƛŎŜέ. Though, this 

is still based on factual data, which is still no opinion of users. The few researches who paid 

attention to the actual perceived crowding found several things. The perceived crowding in 

urban environments is caused by physical, social and individual factors. Individual factors 

play also a role in the valuation of the perceived safety and comfort. This chapter included all 

the relevant attributes, which might influence the bicyclistΩǎ ǇŜǊŎŜƛǾŜŘ ƭŜǾŜƭ ƻŦ Ŏrowding, 

safety and comfort.  
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3. METHODOLOGY 
 

3.1 Introduction  

After all the relevant literate is reviewed, includes this chapter a description of the working 

method used. The 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 researcher will explain why he chose for 

visualization 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 

paragraphs 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 needs to make 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 important to 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 in paragraphs 2.4, 2.5, and 2.6. 

3.2.1 Choosing a method 

To answer the main research question a Stated Preference (SP) experiment or Revealed 

Preference (RP) experiment will be executed. The following is meant by a SP experiment: the 

researcher will setup a specific situation, to which the respondent needs to react. This will be 

ƛƴ ŀ ΨŎƻƴǘǊƻƭƭŜŘΩ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǿƛƭƭ ōŜ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ ǎƛǘǳŀǘƛƻƴ (Verschuren & 

Doorewaard, 2002). With a RP experiment the following is meant: the researcher will obtain 

all data from the real world in which respondents act in their natural behavior (Hensher, 

Rose, & Greene, 2005). 

Stated Preference experiments 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 the effects of various factors. The external validity of SP experiments might 

be a problem. Since respondents are not in their natural environment, they might 

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

time to set up, but this depends on the chosen method (Verschuren & Doorewaard, 2002).   
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Revealed Preference experiments also have several pros and cons. The external validity in 

these kinds of researches is very high. Since the data is 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 other methods to document this 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. Additionally, the researcher is limited to collect only data in existing circumstances 

(Hensher, Rose, & Greene, 2005).  

In table 3 the most important advantages and disadvantages are summarized. Overall the 

researcher will choose for the Stated Preference experiment. This will be the best choice for 

seeking causal relations which is the goal of this research. Furthermore, it would be harder 

to research the potential attributes with a revealed preference experiment.                   

-Table 5: The most important advantages and disadvantages summarized for Stated and Revealed preference 
methods (Hensher, Rose, & Greene, 2005) and (Verschuren & Doorewaard, 2002) 

       Stated Preference      Revealed Preference 

 

3.2.2 Utility theory  

¢ƘŜ ǳǘƛƭƛǘȅ ǘƘŜƻǊȅ ƛǎ ōŀǎŜŘ ƻƴ ƛƴŘƛǾƛŘǳŀƭǎΩ ǇǊŜŦŜǊŜƴŎŜǎΦ 9ŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǿƛƭƭ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ 

preferencesΦ ¢ƘŜ ǳǘƛƭƛǘȅ ǘƘŜƻǊȅ ǘǊƛŜǎ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ƻōǎŜǊǾŜŘ ōŜƘŀǾƛƻǊ ŀƴŘ ŎƘƻƛŎŜǎ 

(Saylordotorg, n.d.). The behavior of individuals trying to choose their most preferred 

alternative is referred to as ΨǳǘƛƭƛǘȅπƳŀȄƛƳƛȊŀǘƛƻƴΩ as stated in Louviere et al. (2000). The 

utility Ὗ  stands for choosing alternative i by individual q, this is shown in equation (1). ὠ  is 

ǘƘŜ ΨǎȅǎǘŜƳŀǘƛŎ ƻōǎŜǊǾŜŘ ǾŀƭǳŜ ŦƻǊ ǳǘƛƭƛǘȅΩ ŀƴŘ ‐  stand for the unobserved factors.  
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Ὗ  ὠ  ‐       (1)  

 

The observed value of the utility is never equal to Ὗ  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 utility (ὠ ) of alternative i for individual q can be explained as a 

function of k variables x with all the parameter estimates (‍) in equation (2) (Hensher, Rose, 

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

ὠ  Ὢὼ ȟ‍      (2)  

 
Hensher et al. (2015) as found by Overdijk (2016) state that the previous equation can be 

translated to a common used linear function for the observed value of utility. This is shown 

in equation (3): 

ὠ В ‍ὼ       (3) 

 
The observed utility (ὠ ) in this equation is equal to the sum of all the parameter estimates 

‍) multiplied with the attribute variable ὼ . 

After knowing the utility of all the attributes and the utility of a specific alternative, the 

probability that individual q chooses for alternative I instead of alternative j can be 

calculated. This can be calculated using equation (4) (Train, 2002), as found by Overdijk 

(2016): 

ὖ ὴὶέὦὟ Ὗ  ᶅ Ὦ Ὥ                                            (4) 

 

3.3 Towards visual presentation of attributes  

Arentze et al. (2003) stated that in the past few years, a number of design strategies have 

been suggested to reduce the respondentǎΩ 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 survey which can cause this are (Lavrakas, 2008): 

¶ Interview length, 

¶ Cognitive complexity of the task, 

¶ Required respondent effort, 

¶ Frequency of being interviewed, 

In this paragraph the researcher wants to focus on the cognitive complexity 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 number of attributes is included in the research, which should be 

obtained by the respondent. Sometimes it is hard to imagine a situation with only written 

attributes, this is called a text-ƻƴƭȅ ŜȄǇŜǊƛƳŜƴǘΦ άA possible solution to this potential problem 

is to add pictorial or visual information to a verbal presentation of attribute profiles and, 

thus, aid subjects in constructing and maintaining vivid representations of alternatives in 

working memoryέ (Arentze, Borgers, Timmermans, & DelMistro, 2003). Further these 

researchers found that respondents failed to keep the attributes well balanced in a 

consistent way and that unbalanced situation influenced their decision-making in the text-

only experiment. Caussade et al. (2005) found that Stated Preference 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 easy to understand 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 that the use of virtual environments holds potential for use 

within environmental studies (Davies, Laing, & Scott, 2002). 

Hibbard & Peters (2003) concluded that comprehension, motivation, and the actual use of 

the information are increased when the cognitive complexity is reduced. This happens when 

the respondent is moved closer to the actual experience, for instance with visual support.  

Nevertheless, visualization of attributes also gets some criticism. The visualization should not 

take the overhand in the research. How something is visualized, can have a major influence 

ƻƴ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ŎƘƻƛŎŜǎ ŀƴŘ ƳƛƎƘǘ ŀŦŦŜŎǘ ǊŜǎǳƭǘǎ (Patterson, Darbani, Rezaei, Zacharias, 

& Yazdizadeh, 2017). It is also not clear whether people will experience a real world situation 

different from a computer screen. Fitch & Handy (2017) executed research on the difference 

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

actually experiencing 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 

ΨǾƛŘŜƻ-ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǇƻƴŘŜŘ ǎƭƛƎƘǘƭȅ ƳƻǊŜ ƴŜƎŀǘƛǾŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ōƛŎȅŎƭƛǎǘǎΦ ¢ƘŜ ǾƛŘŜƻ 

participants reported 10-15% lower on 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 the resǇƻƴŘŜƴǘΩǎ 

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, computer-based simulation of a real environment or situation 

presented to the user, which can help in reducing the cognitive complexity. It allows the user 

to believe that they are experiencing a real-life situation by simulating their vision or/and 

their hearing. Virtual Reality uses technology to create and simulate a non-existent reality in 

order to generate the imaginary reality or to create simulations of specific situations 

(Piekarski & Thomas, 2002). 

Virtual reality models include existing or imaginary environments. Not always all the info in 

the model can be received by the user, nor mimics the model perfectly the natural setting. A 

virtual environment gives the user access to information at any place and time. Thus Virtual 

reality can be used in any location and the user will receive the exact same information and 

features through the virtual environment (Schoenmakers, 2017) 

Jacobson (1993) stated that there are four different kinds of virtual reality. These types are 

shown in figure 5: 

¶ Immersive virtual reality (see figure 5A) is a virtual reality system which uses 

stereoscopic goggles that provide the 3D imagery. 

 

¶ Desktop virtual reality (see figure 5B) is a program on the computer that simulates a 

real-life 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.  

 

¶ Projection virtual reality (see figure 5C) creates a virtual reality experience via 

projections. This type of virtual reality is suitable if users need to experience the 

environment in a group.  

 

¶ Simulation virtual reality (see figure 5D) is an interactive virtual environment. The 

users can besides moving freely change things in this environment or operate a 

vehicle. In paragraph 3.3.2 simulators in general will be discussed.  

 

 
-Figure 5: Four types of virtual reality methods 

As found by Schoenmakers (2017) virtual reality is used 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 specific experiment where virtual reality is used as tool is a research 

ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ōŜƛƴƎ ƛƴ ǘƘŜ ǾƛǊǘǳŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǎǘǊŜǎǎ 

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 non-existing situation and let the 

receiver believe that he/she is driving for real in this environment. The receiver operates a 

vehicle, which moves faster than walking. Blana (1996) specified several advantages of using 

a driving simulator compared to field research: 

¶ The versatility is considered by Blana (1996) as the most important advantage of 

driving simulators. In a driving simulator it is relatively easy to economically change 

the situation. This is especially useful when testing new and not existing 

technologies. In field researches this is often not possible, or very expensive. In a 

driving simulator new developments can be included at reduced cost. 

¶ Experimental control and measurement is seen as another important advantage. 

άSimulators make it possible to control experimental conditions over a wider range 

than field tests and can be easily changed ŦǊƻƳ ƻƴŜ ŎƻƴŘƛǘƛƻƴ ǘƻ ŀƴƻǘƘŜǊέ (Blana, 

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 situations. Furthermore it is easier to 

measure the performance in a driving simulator.  

¶ 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 for the 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 several disadvantages of using a driving simulator compared to field 

research: 

¶ 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.  

¶ The relative high costs of driving simulators are another disadvantage. Though there 

is a wide variety of simulator types. PCs can provide already reasonable and credible 

visuals. PC simulators are called low-cost simulator, because of the relative low costs 

to make them. On the other hand very complex simulators are extremely expensive.  

¶ And finally simulator sickness is considered as an important disadvantage for 

ǎƛƳǳƭŀǘƻǊǎΦ άSimulator sickness can vary widely among individuals who experience it 
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and among simulators that induce itέ (Blana, 1996). The respondent is in this case 

sick because of the exposure in the virtual environment and 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 most well-known simulators are flight 

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

ŦƻǊ ŜȄŀƳǇƭŜ ƛƴ ŀ ǊŜŎŜƴǘ ǊŜǎŜŀǊŎƘ ǿƘŜǊŜ ǘƘŜ ŘǊƛǾŜǊǎΩ ōŜƘŀǾƛƻǊ ƛǎ ƻōǎŜǊǾŜŘ ǿƘŜƴ ŘǊƛǾƛƴƎ 

together with an automated vehicle on the highway (Schoenmakers, 2018) 

NHTV Breda University of Applied Sciences developed in the past three years a virtual reality 

bike simulator. It has been developed to answer knowledge and design related questions in 

ǘƘŜ ŦƛŜƭŘ ƻŦ ŎȅŎƭƛƴƎΦ Lƴ ǘƘƛǎ ōƛƪŜ ǎƛƳǳƭŀǘƻǊ ǘƘŜ Ǿƛǎǳŀƭǎ ŀǊŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ǳǎŜǊΩǎ ǇƘȅǎƛŎŀƭ 

efforts and steering movements. The virtual environment is shown in a Head Mounted 

Display. This type simulator is especially suitable for asking users about the cycling 

experience in the experiment (Klinkenberg, 2017). 

3.4 Setting up  Stated Preference Experiment  

The researcher will conduct a stated preference experiment. Hensher, Rose & Greene (2005) 

developed a clear roadmap to setup an appropriate SP Experiment. In figure 6 the overall 

process is shown. This process will begin with the problem 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 will be used. The next steps 

are mainly about making choices to construct the survey instrument. This also includes 

making a full factorial design.  
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-Figure 6: 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 to what extent these attributes influence the perceived crowding. Having a 

clear understanding of the research 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 change of transportation means by 

these cyclists.  

Since increasing crowding causes possible safety and comfort issues, it is also important to 

figure out if the previous mentioned attributes influence the safety and comfort perception 

of the cyclists. In figure 7 the dependent variables are shown.  
















































































































































































































