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SUMMARY 
Cycling is becoming a focus for governments due to the important characteristics of the mode of 

transport. Cycling is without emissions, it is congestion free, it is powered by physical strength and it 
is cheap. Due to these characteristics cycling has a positive effect on the economy, sustainability and 
health. Because of these facts, increasingly research is done on policies to enhance the choice for the 
bicycle and studies on peoples cycling behaviour. Also due to tightening energy usage protocols, 
streetlights  on roads in the Netherlands are often switched of during night time, lowering safety and 
feelings of perceived safety on these roads. This makes looking at other techniques for illuminating 
roads and paths necessary. An interesting new technique is Heijmans interactive pavement, which 
seems to be a way to enhance cycle paths aesthetically. The need for further research arises from 
this concept. The concept has a pilot project, the Van Gogh-Roosegaarde cycle path, this pilot project 
is usable for the further investigation. 

 
From the literature study more insight on the concept of interactive pavement and cycling was 

formed. Cycling has several hard rules and regulations. Cycle paths measurements are, prescribed 
when they are of a two-way nature, of the measures 1.5m, 2.5m and 3.5m. Supporting a different 
traffic flow for each path wideness. Cycle paths have different kinds of pavement techniques. The 
most preferable are asphalt and concrete. Cycle paths should always be designed with the nature of 
the road user in mind. Cycling is a more challenging form of transportation than walking, and in some 
ways as motorized transportation. This because it takes muscle strength to move the bicycle and 
coordination to balance it. Cycling is becoming an important form of transportation in the world and  
is already quite important in the Netherlands. Already 25% of all the trips the average Dutch person 
undertakes are by bicycle. 

Interactive pavement is made of concrete slabs imbedded with patterns of glow-in-the-dark 
stones made of strontium aluminate. The pilot project is a cycle path made in example of the 
masterpiece ‘starry night’ of Vincent van Gogh. 

 
 The overview of the literature helped to determine the attributes and attribute levels and 

dependant variables of the research model.   

 
For the research, these attributes an attribute levels were expected to have an effect on the 

user experience. The user experience was subdivided into five measurable factors. 
- Aesthetics, the degree to which the person finds the path beautiful and/or pleasing.  

Visibility 

5 m ( heavy fog) 

15 m (fog or 
heavy rain) 

25 meter (rain) 

clear 

Light 
Pollution 

H 140 lux 
V 65 lux 
(dusk) 

H 60 lux 
V 35 lux 

(complete sunset) 

H 20 lux 
V 20 lux 
(night) 

Path 
wideness 

1,5 m 

2,5 m 

3,5 m 

Colour of 
stones 

Only GD 

GD with Fluor 

Group 

Alone 

2 people or more 
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- Traffic safety, the degree to which a person finds cycling on the cycle path safe, whether  a 
person is not afraid of collisions or obstacles that would stand in the way of cycling. 

- Social safety, the degree to which a person finds using the path safe, whether a person 
finds the chance of criminality heightened. 

- Overview of the road, the degree to which a person has a sense of what’s ahead on the 
cycle path, can the person see the course of the road and does the person know what is 
coming. 

- Stimulation of willingness to cycle, the degree to which a person would be more inclined to 
use the bicycle if cycle paths would have interactive pavement. 

 
The research had three parts. It started with getting an overview of the respondents cycling 

behaviour, history and values. These were demographic questions and a pairwise comparison. Than 
the respondents were asked to evaluate Heijmans interactive pavement to their current cycle path . 
Also the Stated Preference experiment was conducted. The research model of the stated preference 
experiment stated that each of the attributes and their levels had influence on the experience 
factors. The last part were some demographic questions to describe the sample with. 

  
The questionnaire was designed with the use of pictures that were manipulated with 

Photoshop. The presentation of the questionnaire was in such way and executed following a strict 
procedure so that respondents deemed themselves on the cycle path. The results showed that the 
sample consisted of respondents who had a very mixed background in cycling. Most of the 
respondents did cycle regularly but not great distances. The sample was equally distributed in  age 
categories, and a bit skewed in genders. The sample consisted of 67 respondents. 

 
The results of the research had showed a couple of outcomes. Respondents valued traffic safety 

for cycling during daytime but stated that during night time social safety became more important. 
The respondents found Heijmans interactive pavement aesthetically more pleasing, but also stated 
they would not increase their cycling frequency because of it. For the attributes, the two attributes 
with the biggest effect were, visibility and path wideness. Showing for visibility that a lower visibility 
reduces the experience of the path greatly compared to a clear visibility. For path wideness the 
changing the path to a more narrow or wide variant, had a positive effect compared to the original 
size. 

 
The recommendations were formed for companies, governmental institutions and further 

research. The  recommendations for companies is to improve the experience of road users , take 
different path wideness into account. Also the path seem suitable to place in environments which 
have higher forms of environmental light, the study was done only on natural light, but the literature 
suggests that artificial light would also be a good option. A low visibility, lowers every component of 
experience of the users. Therefor the technique is not suitable for situations which have heavy 
weather conditions limiting visibility.  Improving infrastructure increases willingness to cycle. It has 
been described in various previous literature.  For governments it is important to invest in cycling. 
Because cycling can greatly improve the economic and sustainability goals for governments. 
Innovative techniques such as Heijmans interactive pavement have an effect on cyclist experience. 
So for government further research in these kind of techniques is advisable. 
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SAMENVATTING 
Fietsen is langzaam een belangrijk punt aan het worden voor overheden door de belangrijke 

karakteristieken van deze methode van transport. Fietsen heeft geen uitstoot, heeft geen files, wordt 
aangedreven door fysieke kracht en het is goedkoop. Door deze karakteristieken heeft fietsen een 
positief effect op de economie, duurzaamheid en gezondheid van mensen. Hierdoor wordt er steeds 
meer onderzoek gedaan naar beleidsmodellen om de keuze voor het fietsen te vergroten en studies 
naar het fietsgedrag van mensen. Door de steeds zwaardere energieverbruik protocollen worden de 
gebruikelijke straatlantaarns uitgeschakeld tijdens de nacht. Hierdoor wordt de veiligheid en het 
gevoel van veiligheid lager op wegen in Nederland. Daarom wordt onderzoek naar andere vormen 
van het straatverlichting nodig. Een interessante nieuwe techniek is Heijmans interachtive 
pavement., wat een methode is om fietspaden op een esthetische manier te verbeteren. Er is verder 
onderzoek nodig voor dit concept. Heijmans interactive pavement heeft een pilot project, het Van 
Gogh-Roosegaarde fietspad, dit project is bruikbaar voor verder onderzoek. 

  
Uit de literatuur studie is meer inzicht gekomen over het concept, interactive pavement, en over 

fietsen in het algemeen. Fietsen heeft diverse harde regels en voorschriften. Fietspaden hebben 
voorgeschreven pad breedtes zolang fietspaden tweerichtingsverkeer zijn. Deze breedtes zijn 1,5m, 
2,5m en 3,5m, iedere breedte is bedoelt voor een andere drukte van fietsverkeer. Dan zijn er ook nog 
verschillende manieren om fietspaden te bestraten. De twee methodes die de voorkeur hebben zijn 
asfvalt en betonplaten. Fietspaden moeten altijd met de gebruiker in gedachten ontworpen worden. 
Fietsen is een uitdagendere methode van transportatie dan wandelen en op veel manieren ook als 
gemotoriseerd transport. Dit omdat het spierkracht evenwicht kost. Fietsen is een belangerijke 
methode van transport aan het worden in de wereld. In Nederland is het al vrij groot. 25% van de 
nederlander zijn op de fiets.  

Heijmans Interactive Pavement is wegdek dat bestaat uit betonnen platen met glow-in-the-dark 
patronen er in van steentjes gemaakt van strontium aluminaat. De Pilot is gemaakt naar het 
kunstwerk ‘starry night’ van van Gogh. 

 
De literatuur studie heeft geholpen met het vaststellen van de attributen, de bijbehorende 

niveaus en de afhankelijke variabelen van het onderszoeksmodel. Zie een weergave van het 
onderzoeksmodel hieronder. 

 

Zichtbaarheid 

5 m ( zware 
mist) 

15 m (mist of 
zware regen) 

25 m (regen) 

helder 

Omgevingslicht 

H 140 lux 
V 65 lux 

(schemer) 

H 60 lux 
V 35 lux 
(avond) 

H 20 lux 
V 20 lux 
(nacht) 

Pad breedte 

1,5 m 

2,5 m 

3,5 m 

steen kleur 

alleen GD 

GD met Fluor 

Groep 

Alleen 

in een groep 
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Voor dit onderzoek is verwacht dat deze attributen en niveaus een effect hebben op de ervaring 
van de weggebruiker. De ervaring van weggebruikers is opgedeeld in vijf meetbare factoren. 

- Esthetica, in hoeverre vindt een persoon het pad mooi 
- Verkeersveiligheid, in hoeverre vindt een persoon het pad veilig en is hij/zij niet bang voor 

aanrijdingen of obstakels die in de weg staan 
- Sociale veiligheid,  de mate waarin een persoon het pad veilig vindt om te gebruiken, of de 

kans op criminaliteit verhoogd vindt.  
- Overzicht op de weg, hoezeer een persoon een gevoel heeft van wat er voor hem is op het 

fietspad. Kan de persoon zien  hoe het pad loopt en weet hij of zij wat er komen gaat.  
- Stimuleren van de wens om te fietsen, de mate waarin een persoon meer genegen is om de 

fiets te gebruiken, indien fietspaden interactive pavement hebben.   
 

Het onderzoek had drie onderdelen. Het begon met het maken van een overzicht van 
fietsgedrag van de respondenten, hun geschiedenis en waarden. Dit waren demografische vragen en 
een paarsgewijze vergelijking.  Daarna vroegen we de respondenten om Heijmans interactive 
pavement te evalueren ten opzichte van hun huidige fietspad.  Ook het Stated Preference 
experiment werd uitgevoerd.  Het onderzoeks-model van het stated preference experiment verklaart 
dat elk van de attributen en hun gradaties invloed hadden op de ervaringsfactoren. Het laatste deel 
waren enkele demografische vragen om de sample te beschrijven. 

  
De questionnaire was ontworpen met gebruik van gefotoshopte  foto’s. De presentatie van de 

vragenlijst  was  zo opgezet en uitgevoerd volgens een strikte procedure zodat de respondenten 
zichzelf op het fietspad waanden. De resultaten lieten zien dat het sample bestond uit respondenten 
met een zeer gemengde achtergrond wat fietsgedrag betreft. De meeste respondenten fietsten 
regelmatig, maar niet over grote afstanden. De sample was gelijk verdeeld over de 
leeftijdscategorieën en iets onevenwichtig in de verdeling van mannen en vrouwen.  Er waren 67 
respondenten.  

 
De resultaten van het onderzoek lieten een aantal uitslagen zien.  Respondenten waardeerden 

verkeersveiligheid het meest gedurende de dag, maar verklaarden dat de sociale veiligheid meer 
belangrijk werd gedurende de avond en nacht.  De respondenten vonden Heijmans interactive 
pavement esthetisch mooier, maar verklaarden ook dat ze niet vaker zouden gaan fietsen als gevolg 
daarvan.  Voor wat betreft de attributen, hadden zichtbaarheid en de breedte van het pad het 
meeste effect.  Een verminderde zichtbaarheid  zorgde voor een aanzienlijk mindere ervaring van het 
pad in vergelijking met een helder zicht.  Voor wat betreft de breedte was de verandering naar een 
smaller of breder pad steeds meer positief in vergelijking met de originele breedte.  

 
De aanbevelingen waren gedaan voor bedrijven, overheidsinstituten en vervolgonderzoek. De 

aanbevelingen voor bedrijven zijn om de ervaring van weggebruikers te verbeteren, om verschillende 
breedtes van het pad te overwegen. Ook lijkt het pad geschikt om in omgevingen met meer 
omgevingslicht toe te passen. De studie is gedaan in alleen natuurlijk licht, maar de literatuur doet 
uitschijnen dat kunstlicht ook een goede optie kan zijn. Een verminderde zichtbaarheid  verlaagt elke 
component van de gebruikerservaring. Vandaar dat de techniek niet geschikt is voor situaties waar 
sprake is van zware weersomstandigheden die de zichtbaarheid verminderen. Verbetering van de 
infrastructuur  verhoogt de wens om te fietsen. Dat is beschreven in veel eerdere literatuur. Voor 
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overheden is het belangrijk om in fietsen te investeren. Fietsen kan hun economische en 
duurzaamheids doelen aanzienlijk verbeteren. Vernieuwende technieken zoals  Heijmans interactive 
pavement hebben een effect op de ervaring van fietsers.  Dus voor de overheid is verder onderzoek 
naar deze soort van technieken aan te bevelen. 
 



CONTENTS 
Colophon 
Acknowledgements 
Summary 
Figures and Tables 
1. INTRODUCTION .................................................................................................................... 3 

1.1 Motivation for the study ....................................................................................................3 

1.1.1 Starting point of the research and interest of Heijmans ...............................................3 

1.1.2 relevance to society and Interest of University ............................................................4 

1.2 Problem definition .............................................................................................................4 

1.3 Structure of the research and the report ............................................................................6 

1.4 Expected results .................................................................................................................7 

2. RESULTS OF THE LITERATURE REVIEW ..................................................................................... 9 

2.1 What is Heijmans interactive pavement? ...........................................................................9 

2.2 Current topics in research on cycling ................................................................................ 10 

2.2.1 Cycling for the community......................................................................................... 10 

2.2.2 The characteristics of cycling and cycle paths ............................................................ 12 

2.2.3 User demands of cyclists ........................................................................................... 12 

2.3 Light and weather ............................................................................................................ 13 

2.4 What does this mean for the research? ............................................................................ 15 

2.4.1 Attributes .................................................................................................................. 15 

2.4.2 Independent variables ............................................................................................... 16 

2.4.3 Model ....................................................................................................................... 17 

3. DESIGNING THE EXPERIMENT ............................................................................................... 19 

3.1 Translation of the research model .................................................................................... 19 

3.1.1The research methods chosen and their backgrounds ................................................ 19 

3.1.2 Data collection tool ................................................................................................... 21 

3.2 Stated Choice Experimental design .................................................................................. 21 

3.2.1 Translation of attributes and their levels to visual representation ............................. 23 

3.3 From attributes to scenario's ........................................................................................... 26 

3.4 Questionnaire Design ....................................................................................................... 27 

3.4.1 Part 1: Cycle history and values ................................................................................. 27 

3.4.2 Part 2: Rating the Heijmans interactive pavement and it’s attributes ......................... 28 

3.5 Analysis............................................................................................................................ 29 



2 
 

3.5.1 Pairwise comparison for cyclist values ....................................................................... 30 

3.5.2 Ordinal regression for stated preference experiment ................................................ 30 

3.5.3 How good is the model? ............................................................................................ 32 

4. RESEARCH RESULTS ............................................................................................................ 33 

4.1 Part 1: Descriptive statistics and Pairwise comparison ...................................................... 33 

4.1.1 Sample size and distribution ...................................................................................... 33 

4.1.2 Descriptive statistics .................................................................................................. 34 

4.1.3 Pairwise comparison ................................................................................................. 38 

4.1.4 Current situation compared to Van Gogh-Roosegaarde cycle path ............................ 38 

4.2 Analysis of Stated Choice experiment............................................................................... 38 

4.2.1 Significance and Pseudo R-Square ............................................................................. 39 

4.2.2 Association between aesthetics, visibility and path wideness .................................... 39 

4.2.3 Association between traffic safety, visibility and path wideness ................................ 40 

4.2.4 Association between social safety, visibility and path wideness ................................. 41 

4.2.5 Association between overview of the road, visibility and path wideness ................... 41 

4.2.6 Association between cycling frequency, visibility and environmental light ................. 42 

4.3 Conclusion of the results of the SP experiment ................................................................ 43 

5. CONCLUSIONS ................................................................................................................... 47 

6. RECOMMENDATIONS .......................................................................................................... 51 

6.1 Recommendations for Companies.................................................................................... 51 

6.2 Recommendations for Policy makers ............................................................................... 51 

6.3 Recommendations for further research ........................................................................... 52 

7. DISCUSSION OF RESULTS..................................................................................................... 53 

7.1 Sample size ...................................................................................................................... 53 

7.2 Research method ............................................................................................................. 53 

REFERENCE LIST ......................................................................................................................... 55 

Appendix I - Questionnaire 

Appendix II – Example pairwise comparison 

Appendix III – Ordinal Regression data 

 

  



3 
 

1. INTRODUCTION 

1.1 MOTIVATION FOR THE STUDY 

In our motorized based society, people are more and more inclined to leave the bicycle at home 
and use the car for their transport. This is a problem in a society that tries to stimulate cycling 
behaviour.  Even so cycling remains quite big in the Netherlands, with a lot of municipalities having 
developed cycle plans and a lot of cycling facilities. Dutch people are happy with the cycle facilities in 
the Netherlands and state that the bicycle has many qualities that distinguishes this mode of 
transport compared to other possibilities. These qualities are for example calmness, no delays due to 
traffic, reliability and that it is cheap (Fietsersbond, 2007). This research is commissioned by 
Heijmans and the Technical University of Eindhoven. In the following to chapters the interests of 
both parties are stated. 

1.1.1 STARTING POINT OF THE RESEARCH AND INTEREST OF HEIJMANS 
Heijmans Infra is a department of Heijmans which is one of the biggest construction companies 

of the Netherlands. The company invests in innovative techniques and tries to come up with 
profitable concepts which improve the quality of the user experience of roads. Heijmans Infra came 
up with several concepts that fit these criteria. But because the company is interested in selling these 
concepts abroad, several questions were raised about how they perform in various environments. To 
acquire more knowledge about the concepts a possibility for a research was formed. The concept 
that will be researched in this master thesis is ‘Heijmans interactive pavement’. The reason for 
choosing this concept is that it is developed to the point that there is a pilot project and there are 
several options to sell the concept abroad. The pilot is the Van Gogh-Roosegaarde cycle path which is 
situated between Eindhoven and Nuenen. 

The other concept which proved to be of interest for this research was Heijmans Glowing Lines. 
A study on these Glowing Lines was already being executed by a master thesis student of Eindhoven 
University of Technology. Also the two concepts are for different road users. Glowing Lines is 
focussed at motorized transport while Heijmans interactive pavement is focussed at pedestrians and 
cyclists. To avoid too much similarity in the researches and to be able to focus the research on only 
cyclists, this research only focusses on Heijmans interactive pavement.  

The Van Gogh-Roosegaarde cycle path has raised several questions, such as ‘How does it 
perform in different types of environments with accompanying environmental characteristics?’. 
Possible environmental characteristics are: 

• Light pollution from artificial light; 
• Light pollution from natural light; 
• Effect of temperature on material; 
• Visibility in rain or mist; 
• Degradation of material over time. 

These are environmental characteristics. Also customizable characteristics are possible to 
include in the research.  Heijmans Infra asked these specific questions which became the underline 
for this master thesis. Improving the quality and experience of cycling is an interesting subject for 
Heijmans. It has several projects to stimulate cycle behaviour like the ‘Go Light Avenue’. This 
technology creates ‘snelfietsroutes’ which translates to fast cycle lanes. The idea is that cyclists which 
use this technology get priority as opposed to motorists. Heijmans interactive pavement is also a 
concept which is directed at encouraging people to use the bicycle as opposed to the car. 
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1.1.2 RELEVANCE TO SOCIETY AND INTEREST OF UNIVERSITY  
The research is of interest to the Master Construction Management and Engineering for several 

reasons. This Master study focuses on the built environment and the effect it has on society, 
transportation, and mobility methods. Cycling is also a part of this society. Since there are many 
initiatives from a governmental level to stimulate people using the bicycle rather than a car. This has 
to do with the stimulation of environmental sustainable modes of transportation. When looking at 
these modes, the most logical modes are walking and cycling. Both modes have a lot of benefits 
compared to motorised transport. For example, there is no exhaustion, it takes up less space and 
gives benefits on the level of health due to getting people exercise even when having a sedentary 
work (Gemeente Eindhoven, 2008; Wee, van & Börjesson, 2015; Elvik, 2009). The interest of the 
University is on a level of how the Cycle Path influences peoples cycling behaviour. And on what ways 
the cycle path could be improved to increase the effectiveness of cycle paths using Heijmans 
interactive pavement. 

1.2 PROBLEM DEFINITION 

People use roads for travelling between different locations. People can have several reasons for 
using the bicycle. Bicycling is a means of transportation, it is a form of exercise and it is also done as a 
leisure activity. Roads are used during daytime and night time. Even if bicycling seems a logical choice 
for environmental and social demands, policies to regulate more cycling are ridden with conflicting 
demands. For example: 

• Energy: Because of tightening protocols such as the Kyoto protocol, the government is 
more and more focussed on the reduction of energy usage. One of the measures is the 
reduction of street lights which induces in combination with the usage of roads during 
evening and night times, some problems (NRC, 2012). 

• User experience: Especially in pedestrian or cycle zones, the lack of streetlights creates an 
unsafe environment. Firstly, it affects traffic safety, you cannot see the condition of the 
road you are on. Secondly, it creates an unsafe feeling to use these roads. Because people 
have no visibility they will use the roads less, and this leads to neglection, which leads to 
higher criminality on these locations. 

• Traffic safety: the lacking of street lights creates a lower visibility for the users. Forcing 
motorists to either reduce speed or, what probably happens more often, risk more danger 
in speeding with limited vision. 

With these conflicting demands, an analysis is made about the problem at hand. The analysis 
can be viewed in Figure 1. 
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FIGURE 1: PROBLEM ANALYSIS 

 
This analysis leads to the following problem statement: 
“When roads have limited visibility the user experiences can be influenced negatively, through 

energy usage reduction policies streetlights become less popular and alternative lighting methods 
become more interesting and important in securing traffic safety and improving user experiences. To 
know whether Heijmans interactive pavement improves the user experience further research is 
needed.” 

 
The main research question that is derived from the problem analysis above is: 
 
How does Heijmans interactive pavement and its environmental and customizable attributes 

influence the experience of cyclists? 
 

This leads to the following sub questions: 
1. What rules and regulations are there for cycle paths? 
2. How can experience be described and measured? 
3. What do cyclists value when using a cycle path, and does this change during night time? 
4. How do people perceive Heijmans interactive pavement, compared to their usual cycle 

path? 
5. What environmental attributes influence cyclists while using a cycle path, and what are 

the effects? 
6. What customizable attributes influence cyclists while using a cycle path, and what are 

the effects? 
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1.3 STRUCTURE OF THE RESEARCH AND THE REPORT 

To answer the research questions of the paragraph above a research follows. The research will 
consist of three major parts. The first part is a literature study to acquire insight in cycling, cycle 
paths, light on roads and Heijmans interactive pavement. To get more information about the 
specifics of Heijmans interactive pavement, measurements will be done conducted on the Van Gogh-
Roosegaarde cycle path, this includes light measurements and pictures. The literature study is 
needed to research previous findings of researchers to determine what important is when 
researching cycling behaviour. The second part is an experiment to determine what people 
experience when using Heijmans interactive pavement. The experiment will have a quantitative 
nature. The third part is naturally processing the results of the first two parts and stating conclusions, 
discussions and recommendations. Below in Figure 2 the structure of this research is shown in a 
diagram. 

 
FIGURE 2: STRUCTURE OF THE RESEARCH 

 
This rapport is structured in the following way. Chapter 2 contains the result of the literature 

study. The next chapter (3), presents the research model. Here the model is described with all the 
relevant variables and the tool for data collection is chosen and described. Then, in chapter 4 the 
research results are shown and described. And in the last sections, chapter 5 and 6 the conclusions 
and recommendations are stated. 
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1.4 EXPECTED RESULTS 

The result of this research will be the increasing of several insights. There will be more insight on 
cycle paths, the usage and the values of the users. The results of the experiment will be insights on 
the user experience of the Van Gogh-Roosegaarde cycle path. Firstly, the results show how 
environmental aspects impact on the user experience of Heijmans interactive pavement. Secondly, 
how people perceive possible manipulations of the cycle path.  
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2. RESULTS OF THE LITERATURE REVIEW 
To start of the research this literature study is made. In the first section of the literature review 

an explanation of the researched concept will be given, then an extensive review of studies on 
cycling is shown, a short explanation of light is given and in the last section design decisions are made 
for the experiment and the research model is shown. 

2.1 WHAT IS HEIJMANS INTERACTIVE PAVEMENT? 

Heijmans interactive pavement is road-pavement which is imbedded with stones that radiate 
light during night time. The pavement is made of concrete slabs and it has glow-in-the-dark stones 
scattered in patterns over the surface. It charges during daytime, during which time the radiant 
stones are not visible, and shows patterns of stones during night-time. Heijmans made the ‘Van 
Gogh-Roosegaarde’ cycle path as a pilot project (Heijmans, 2014). The concept uses glow-in-the-dark 
technology for the radiance and the diffusing of light and has an extra light source externally to 
charge the glow-in-the-dark stones at the bends where the stone patterns are most beautiful. This 
pavement is now for a cycle path but also has possibilities for walking paths. The Van Gogh-
Roosegaarde cycle path is meant for cyclists, but has a lot of pedestrians during night time who come 
to view the cycle path as a tourist attraction of Eindhoven. To use it for motorist is not optimal 
because the headlights which are necessary for motorised vehicles make the radiance of light of the 
glow-in-the-dark materials invisible. The glow-in-the-dark stones are made of the material strontium 
aluminate (SrAl2O4). In the very basic sense SrAl2O4 ‘energizes’ when light shines upon the material 
this is called phosphorescence because the phosphor parts in the SrAl2O4 are the reason for the light 
radiance. The distinctive characteristic of this substance is that the light radiance is not caused by 
heating (Poort, et al., 1995). SrAl2O4 has a very long phosphorescence time. The radiance lasts up to 
10 to 12 hours, but fades over time. The degradation ratio is in a curved function, losing energy at a 
higher rate in the beginning and slowing down in energy loss after extended time. The stones used in 
Heijmans interactive pavement are charged by UV-light embedded in railing enclosing the cycle path. 
By doping the SrAl2O4 with different kinds of ions different kinds of colours of phosphorescent stones 
can be created. The stones with the green colours are the most bright and have the longest-lasting 
radiating properties (Katsumata, et al., 1998). These characteristics were important factors in the 
design decisions of Heijmans interactive pavement improving the experience of the cyclist. Because 
the green stones work the best, the stones with the green colour are the used as the radiating parts 
of Heijmans interactive pavement. Also because of the colour of these stones, they are not 
distinguishable during daytime. The difference can be seen in Figure 3 and Figure 4. 

 
 FIGURE 3: VAN GOGH-ROOSEGAARDE CYCLE PATH DURING DAY 
TIME 

 
FIGURE 4: VAN GOGH-ROOSEGAARDE CYCLE PATH DURING NIGHT 
TIME 
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The current pilot project is situated in between Eindhoven and Nuenen. The project is  created 
for the van Gogh-year commemorating the 125th year after the decease of Vincent van Gogh. All 
across the Netherlands attention is focussed on van Gogh and his paintings. The patterns of glow in 
the dark stones resemble one of van Gogh masterpieces, ‘Starry night’(Figure 5). The project was a 
joined venture between Studio Roosegaarde, owned by the artist Daan Roosegaarde, and Heijmans. 
The total path has five curves which have the extensive patterns(Figure 6), in the straight pieces of 
the road only some scatter stones are visible. The straight parts of the cycle path have some stones 
scattered through the pavement, but no additional lighting, which make these stones glow much less 
intense.  

 
FIGURE 5: VAN GOGH - STARRY NIGHT 

 
FIGURE 6: VAN GOGH-ROOSEGAARDE CYCLE PATH 

2.2 CURRENT TOPICS IN RESEARCH ON CYCLING 

The reason for focusing on cycling is that it is a way of transportation which is clean, green and 
healthy. There has been research regarding the effect of a bicycle based transport economy instead 
of an economy  which is based on motorized vehicles (Haines, et al., 2009). 

2.2.1 CYCLING FOR THE COMMUNITY 
Research fields vary in different countries. The Netherlands are quite progressed in bicycle 

based transport as opposed to, for example, the United States of America. However also in the USA it 
is becoming a topic of more importance (Blue, 2013). Cities in the Netherlands are stimulated to 
invest in bicycle facilities by projects such as ‘fietsstad van Nederland’, translating to bicycle city of 
the Netherlands. The winning of this program gives cities international attention but it also shows 
cities that they are moving in the right direction (de Fietsersbond, 2015). The theme of next years’ 
bicycle city is inspired by Blue (2013), she writes about the economic advantages of a bicycle based 
transit system. Cars have many hidden costs that bicycles don’t have. When you look at the possible 
extra costs emerging from the usage of cars, you cannot only look at the environmental costs. The 
costs of cars are much more widespread than this. It stretches from the costs it takes to maintain the 
high maintenance infrastructure needed for a car-based transitory system to the extra health costs 
that emerge from people having sedentary work and not getting exercise traveling either (Blue, 
2013; Dill, 2009). Also cities have seen the value of cycling and are willing to take action and make 
plans to improve the cycling facilities. For example Eindhoven has the ‘Action plan bicycling’ in which 
the plans for improving the infrastructure of cycling in the city is laid out. The plan consists of the 
individual projects that need to be undertaken to improve the cycling quality in Eindhoven. The plan 
looks at eleven different aspects to judge the current quality. (Gemeente Eindhoven, 2008) 

- Directness 
- Comfort (obstacles) 
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- Comfort (road surface) 
- Attractiveness of the route 
- Bicycle parkings 
- Competition position to the car 
- Bicycle usage 
- Traffic safety 
- City density 
- Bicycle satisfaction 
- Policy in writing 

These aspects are also largely the ones which are mentioned in the design guide for a cycle friendly 
infrastructure. After looking at these aspects, the conclusion is that Eindhoven scores quite low. 
Therefore the plan is equipped with 101 projects designed to upgrade these facilities and therefore 
the aspects mentioned above. 
 Country-wise cycling is an important topic. In 2007 people in the Netherlands use the bicycle for 
around 25% of all the daily travels. This while about half of Dutch total population owns a car and of 
the working part of Dutch society, 61.3% owns a car and there are 18 million bicycles in the 
Netherlands which means there are more bicycles than people (CBS, 2013; Sociaal cultureel 
planbureau, 2007; CROW, 2015). 

The willingness to cycle of people is dependent on several factors. One of the most important 
factors are the facilities which are available in a country. In the Netherlands there is already a 
significant infrastructure for bicycling present. And while in a prosperous country such as the 
Netherlands motorized vehicles are quite affordable for the majority of the country, cycling still has 
an important role in the society. In countries such as India, cycling is also important but seems to be 
declining through the growing availability of motorized vehicles and the absence of good bicycling 
infrastructure. But also here it would be beneficial for the country to stimulate cycling because it is so 
less costly than creating facilities for motorized vehicles (Basy & Vasudevan, 2013). Cycling has bigger 
impacts on the environment than being clean, green and healty. Cycling has positive effects on the 
economy through the reduction of cars. Cars are of course harmful for the environment through 
exhaust, but it also stresses the government to invest in infrastructure and through that puts stress 
on the economy. It also determines where people buy their groceries, people that drive cars are less 
inclined to shop at local stores (Blue, 2013). In her book, Blue (2013) shows several great impacts 
that bicycling can have on the economy. The examples above are only two of a great summation of 
reasons for governments to encourage people to cycle more. In several studies it is shown that when 
choosing of the path to work, cyclists take two considerations into account: (1) the distance to 
destination and (2) avoiding busy roads with traffic. Also the presence of well-functioning cycle paths 
increases cycling (Dill, 2009; Segadilha, 2014; Joo, et al., 2015). But also lighting and a feeling of 
safety are positive influences on peoples when deciding to cycle rather than taking the car or public 
transport. When looking at which campaigns are effective to make people use more cycling, results 
are not clear. Of course cycling is more healthy. But campaigning on this subject has not been 
successful in stimulating people to use the bicycle more (Gamble, et al., 2015). These campaigning 
actions could be more effective if social influence were to become a factor. In the current age, the 
car is such a deeply embedded habit in culture, it would take a lot of social influence to change this 
fact. Even though social influence is often only a part of the reason for people to use the bicycle 
more often. It has proven to play a part in the decisions bicyclists make alongside a well-functioning 
infrastructure (Sherwin, et al., 2014; Wang, et al., 2015).  
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2.2.2 THE CHARACTERISTICS OF CYCLING AND CYCLE PATHS 
Cycle paths have several characteristics which are important for the functioning of the paths. 

When developing infrastructure the characteristics of bicycling should be taken into account. The 
possibilities of a bicycle are restricted by the person using it. The cyclist needs strength to move the 
bicycle, is subjectable to weather conditions, also the cyclist will often want to drive next to 
somebody else. The concentration it requires to ride a bicycle should not be underestimated. The 
cyclist has a lot of points to focus on while actually cycling towards a goal. Focus points are for 
example: balancing the bicycle, also other cyclists, the condition of the road. In a study about cyclist 
gazing behaviour it was found that cyclist gazing behaviour is more focussed on the region of the 
cycle path on a low quality cycle path. Needing to focus more on the condition of the cycle path 
lowers the focus on the other areas. And also the study shoes that cycling on a cycle path in poor 
condition, does not make the cyclist slow down. The quality of the road surface is important for the 
safety of the cyclist (Vansteenkiste, et al., 2014).Then the bicycle itself has several important 
characteristics that should be taken into account. It has no crush zone, it is instable and has near to 
no suspension.  

These characteristics differ from motorized of pedestrian transportation and create different 
design criteria. In realising this the designer of bicycle roads should focus more on minimalizing 
resistance for cycling and protecting the fragile road-user. Also there are different kinds of cycle 
paths. There are four kinds of cycle paths that are described in the literature: 

- With a physical separation between transport systems; 
- With a visual separation; 
- With a mixed character; 
- Completely free of motorized road. 

Though it would seem as if the physical separation would be most desirable, there are pros and 
cons to all of the kinds of cycle paths. While a physical separation increases comfort and more safety, 
it also confines the freedom of movement, encourages motorists to drive at a higher speed and 
through this actually decreases safety at crossroads. The visual separation is similar in its problems to 
the physical option. The mixed character is a lot more unsafe, and therefore the speed limit should 
be adjusted to 30 km/h, crossroads however become more safe because of this. Of course if bicyle 
roads are free of motorized road, this makes traffic safer, but can be more socially unsafe. For the 
pavement types, materials that are frequently used are: 

- Asphalt ; 
- Concrete; 
- Tiles; 
- Clinkers. 

Of these options the two favourable options are asphalt and concrete. These option give a 
higher skid resistance and, they decay less over time by for example tree roots. When designing a 
cycle path the width is dependent on the intensity of cyclists using it. At a low intensity the smallest 
possible cycle path is 1,5m. When the intensity gets higher the broadest possibility is 3,5m (CROW, 
1993).  A wider cycle path leads to more fixation on the end goal instead of the pavement and higher 
cycle speeds. Wider cycle paths give the cyclist a higher feeling of safety which unnoticeable makes 
cyclists cycle slightly faster (Vansteenkiste, et al., 2013) 

2.2.3 USER DEMANDS OF CYCLISTS 
There are important characteristics and demands for cycle paths. Of course aside from the hard 

demands about measurements and pavement structure mentioned above. There is also a whole set 
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of other characteristics that influence the experience of the user. But summing up these 
characteristics of a well-functioning cycle path might prove to be a challenge. There are several ways 
to sum up these characteristics. A way of summing up the characteristics of roads is according to the 
visual characteristics. The literature describes 12 different visual characteristics of roads. These 
characteristics are part of three different perspectives and translate into design principles 
(Blumentrath & Mari , 2014). These design principles are mostly based on the standard design 
principles for urban space. She speaks of road characteristics in three different perspectives: 

1. Roads as an independent structure/construction, 
2. Roads in relation to its surroundings, 
3. Roads related to traveller’s movement. 
The characteristics she names with these principles are (1) Coherence, Imageability, Simplicity, 

Visibility, High Quality & maintenance, Naturalness, (2) Integration, Contrast, (3) Variety, Aesthetics 
of flow, Legibility, Orientation. The author describes these characteristics as important to think of 
when designing a new road. This is a very aesthetic way of classifying roads and focusses on the more 
abstract feeling and experience of the road user.  

A different way to sum up the characteristics that influence the experience of cyclists of the road 
is summing up characteristics which are more practical. The following characteristics have effect on 
cyclists behaviour (Waerden van der, et al., 2011): 

- Presence of buildings, 
- Presence of stand-alone bicycle paths, 
- Presence of parked cars, 
- Absence of height differences, 
- Presence of traffic lights, 
- Presence of lighting, 
- Absence of freight traffic.  
As can be seen these are more practical characteristics that influence the cyclist. They are easily 

measurable and can be simply present or not present, effecting the cyclist. 

2.3 LIGHT AND WEATHER 

Then the presence of street lighting is also important for perceived feelings of safety. In an 
environment with dimmed streetlights, people feel generally more unsafe. A study conducted by the 
University of Groningen researches what the impact of values and pre bestowed information has on 
the acceptability of reduced street lighting. Boomsma (Boomsma & Steg, 2013) found that people 
with so called biospheric values (values for the preservation of the environment) where tended to 
accept the reduction of streetlights sooner when they were given information on the impact of street 
lights on the environment. 

Light that is perceived is electromagnetic radiation that because of its frequency is perceived 
with the human eye. Outside of these frequencies lie infrared and ultraviolet light. Light can be 
measured in several units: 

- Candela (cd), 
- Lumen (Lm), 
- Lux (lx). 

The difference of these units, is how they are measured. As can be seen in Figure 7, lumen is 
measured at the source in all directions, candela has to do with the  light intensity at a certain angle 
and lux is the amount of light falling on a surface. Lux can also be described as lumen/m². 
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FIGURE 7: RELATION LUMEN, CANDELA AND LUX (KLAASEN, 2012) 

 
The light that is perceived as daylight is of the category natural celestial light. Apart from 

intensity, light can also have a colour value. It is expressed in Kelvin, in Figure 8 below, you can see 
the scales of natural light. 

 
FIGURE 8: KELVIN OF NATURAL LIGHT 
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The colour temperature for sunlight is 5000-7000 K. (Choudhury, 2014) The average yellow 
street light lamp has a very different colour temperature around 2700 K. In a study of environmental 
light on people perception of safety was found that the uniform distribution of light is an important 
factor. Higher levels of illuminance leads to a greater feeling of safety and comfort. People tend to 
feel safer in white light, but other factors such as well-being and stress seemed to reduce in yellow 
light (Peña-Garcia, et al., 2015). This could be interesting for the Van Gogh-Roosegaarde cycle path. 
The use of glow in the dark stones makes it not possible to use street lighting, but if there is some 
light pollution from nearby light sources it could actually have a positive effect on the users. Lighting 
has already shown to have a strong effect in the retail world. Even when not asking respondents 
about what they thought of the lighting but only what they thought of the atmosphere of the store 
which gave very different results due to only lighting (Quartier, et al., 2014). 

As for weather conditions, studies are inconclusive about its effect. As would be expected, bad 
weather conditions, which lessen visibility, have a negative effect on perceived safety. The reduction 
of visibility, give people a lessened sense of what is happening around them, lessening their sense of 
safety. On the effect of temperature and wind speed there is no conclusive data (Theofilatos & 
Yannis, 2014). 

2.4 WHAT DOES THIS MEAN FOR THE RESEARCH? 

So what does this mean for the performance of Heijmans interactive pavement in various 
environments? Because the Heijmans interactive pavement concept works with light emitting 
techniques there are some challenges for the concept. The concept is oriented on nightly road use 
and the optimal visibility of the glow-in-the-dark stones would be in a constant and complete black 
darkness. But circumstances outside are not constant and will rarely to never be pitch-black. The goal 
of this research is to broaden the information on this concept about aspects that will influence the 
user experience. Therefore it is necessary to research how the concept would perform in a variable 
environment outside. Next to these more objective variables, it is needed to include subjective 
experience of the user. If the experience of road-users is researched, more clarity will arise on where 
the concepts can be used and in addition how effective this concept is. The resulting data of this 
broader approach will increase the knowledge on where markets lie for Heijmans interactive 
pavement and how they perform and influence the user experience. 

The continuation of the research will be based to examine the experience of people of Heijmans 
interactive pavement. However experience is a difficult term for people to grasp. So the question 
remains, what makes a person’s experience. How does a person “grade” a cycle path? When looking 
at the literature stated above, aesthetics and social safety play a big role in grading a path 
(Blumentrath & Mari , 2014), but also more practical issues such as influence traffic safety and social 
safety. Both can be influenced by the presence of street lighting and buildings. The literature study 
does not reveal clear hypotheses to test. So, a part of the study is to investigate and describe how 
users experience the concept of Heijmans using this broader view on influencing variables. This 
expanded concept is described in the following model. 

2.4.1 ATTRIBUTES 
From the literature a model is formed for the continuation of the research. The study is to relate 

characteristics of the Heijmans interactive pavement to the user experience. The literature study 
revealed the independent attributes that influence the user experience and can be used for the 
research: visibility, environmental light, path wideness. Two attributes are added from the parties 
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involved. Fluorescent stones can be added to the pavement, making the path, when lit up, show 
more colours. It is a new technology Heijmans is working on, and it is of interest to the company 
what the effect of this technology would be. Also as an attribute is added, whether the respondents 
are in group or biking alone. This because the expectance is that it would make a difference for 
cyclists.  

The attributes are of two natures. Either they are attributes that cannot be controlled but which 
are present and are expected to have an effect on the cycle path or they are attributes that the 
construction company can control. The first kind are called environmental attributes the second kind 
are customizable attributes. Visibility, environmental light and group are environmental attributes. 
Fluorescent stones and path wideness are customizable attributes. 

2.4.2 INDEPENDENT VARIABLES 
On the user side, the most important dimensions that should be studied were: 

- Aesthetics, is the degree to which the person finds the path beautiful and/or pleasing.  
- Traffic safety, is the degree to which a person finds cycling on the cycle path safe, in this 

dimension the focus is on, whether  a person is not afraid of collisions or obstacles that 
would stand in the way of cycling. 

- Social safety, is the degree to which a person finds using the path safe, whether you would 
expect to get robbed on this cycle path, whether a person finds the chance of criminality 
heightened. 

- Overview of the road, is the degree to which a person has a sense of what’s ahead on the 
cycle path, can the person see the course of the road and does the person know what is 
coming. 

- Stimulation of willingness to cycle, is the degree to which a person would be more inclined 
to use the bicycle if cycle paths would have Heijmans interactive pavement. 

These dimensions form the dependent variables. Together these variables make up the user 
experience. The hypothesis is that the independent variables will have an effect on the dependent 
variables. 
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 2.4.3 MODEL 

 
FIGURE 9: RESEARCH MODEL 

 
Figure 9 shows the main model of the research. The hypotheses for the study shown are shown 

in this figure: each of the attributes which are on the left side influence the dependent variables on 
the right. The research model does not show the control variables. The expectation is that the 
relationships in the model will be influenced by age, gender of the users, but also other environment 
characteristics, such as user values and whether a respondent has possibilities to cycle. These are 
some of the control variables used in the study. In the following chapter the research method is 
explained. 
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3. DESIGNING THE EXPERIMENT 
From the literature the research model illustrated in Figure 9 in the previous chapter followed. 

Also was mentioned that there can be several control variables also influencing the model. To 
research the research model an experiment is designed. In this chapter the methodology for 
researching this model is described and the design for the experiment is shown. 

3.1 TRANSLATION OF THE RESEARCH MODEL 

For this research a couple of things are important. The research is focused on the experience of 
cyclists while using Heijmans interactive pavement. To assess the experience of cyclists using 
Heijmans interactive pavement the following questions should be answered by the experiment: 

- How do cyclists rate a cycle path with Heijmans interactive pavement compared to their 
usual cycle paths? 

- What is the effect of the different attributes of Heijmans interactive pavement? 
The experience of cyclists can also be translated to the preference of cyclists. In other words 

there is assessed what cyclists preferences are when cycling during night time, and assessed how 
Heijmans interactive pavement relates to this. When asking these questions, it is also important to 
know what cyclists value during night time, ergo, this should also be researched in the experiment. 
This leads to a research with the following subjects that need to be researched: 

1. The values of cyclists during night time. 
2. The consideration of cyclists comparing Heijmans interactive pavement to their usual cycle 

path. 
3. The preference of cyclists considering the attributes of the cycle path. 
These three subjects will form the structure for the experiment. The subject have some 

characteristics which determine the choice of a method. Heijmans interactive pavement is an 
technology which is new and because of this not everyone knows what the concept looks like. 
Because of this for the second subject and the third subject, visual representations are necessary. For 
the first subject a method should be found making it easy for respondents to make a choice when 
considering different values.  

3.1.1THE RESEARCH METHODS CHOSEN AND THEIR BACKGROUNDS 
For the values of cyclists during night time the literature suggests several values that cyclists 

can have. A value will be chosen that corresponds with the user experience described in the previous 
chapter (2.6.3). 

Because for this part of the research there is no need for visual representation, a suited way for 
analysing how people rate these values is a pairwise comparison. When researching the preferences 
of people when they are presented with multiple options multi-criteria analysis can be used. Saaty 
introduced a methods for this, Analytical Hierarchy Process(AHP) (Saaty, 2005). The methods is a 
simple way and a transparent decision making theory. AHP is a method in which pairwise comparison 
that is done by experts to create priority scales. From this pairwise comparison one can derive which 
element dominates another when a certain criterion is taken into account. These pairwise 
comparisons are then set in matrices. After these matrices should be combined into the overall 
ranking. The result of the scores of the alternatives on the different rankings determines the course 
of action, or the decision (Saaty, 2008). AHP assumes a functional independence of the components 
and the criteria. A priority scale will be made for this part of the research, considering the route 
characteristic values of respondents. 
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For the consideration of cyclists comparing Heijmans interactive pavement to their usual cycle 

path and the preference of cyclists considering the attributes of the cycle path the following 
method is used. To research preferences of people a method often used is the technique: Discrete 
Choice Experiment (DCE). This is a quantitative method, providing the respondent with hypothetical 
choices, making them do trade-offs and in this way provide information on the preference of 
respondents (Louviere, et al., 2000).  These hypothetical choices are displayed in profiles that consist 
of a set of attribute levels. Analysing these choices between profiles than gives information about the 
relative effect of an attribute level (Shah, et al., 2015).  

Discrete choice experiments can have different forms. When looking at the character of the 
research that will be conducted, the following decisions have been made. A well-known research 
method for transportation research of new technologies in the field is the Stated Preference method 
(SP). SP is a method for researching decision makers’ preferences by simulating hypothetical 
scenarios and asking respondents state their preference. Apart from SP there is also Stated 
Choice(SC) which is a research method that belongs to the SP family. SC is similar in its functioning as 
SP but it asks respondents to choose between multiple options (Shen, 2005). This method is opposed 
to the method for researching behaviour, Revealed Preference (RP) (Beshears, et al., 2008). This 
method works with observing the choices respondents make in real-life scenarios, while SP asks 
respondents what their preference would be in the hypothetical situation. RP works with active 
decisions that are uninfluenced by a default option. The method is less biased than SP. However, SP 
is used for innovative concepts, when existing alternatives in the market do not provide adequate 
information for revealing the preferences of respondents (Hensher, 1994). 

Because SP works with hypothetical scenarios, it is susceptible to hypothetical bias. Meaning 
that respondents do not see immediate consequences to their responses and therefore make 
different choices than in real-life (Fifer, et al., 2014). Fifer et al. (2014) indicates that there are 
mitigation methods which help with the hypothetical bias. These two methods are (1) Certainty 
scales and (2) Cheap talk. When combined, these methods work best. Cheap talk is adding a short 
paragraph of text outlining the importance of answers and certainty scales give respondents the 
option to state how certain they are of their answers. 

SP uses various hypothetical scenarios which consist of attributes. These attributes vary from 
situation to situation creating an alternative from which respondents can choose. A part of this 
literature study is aimed at revealing these attributes for the experiment. SP has several different 
models. SP method is the most suited for this research because of the characteristic that the 
respondent has to make a choice between completely new alternatives. Choosing the attributes is 
one of the most important steps of the method. These attributes have levels which through variation 
define the set of alternatives (Hensher, 1994). 

These hypothetical scenarios can be shown in different ways. Possibilities are movies, pictures 
or just text. The challenge is in showing the respondents what you want them to see. This can prove 
to be difficult because people have their own interpretation of the situation in front of them 
(Machado, et al., 2014).  Videos and photos can communicate information which is otherwise 
difficult to understand (Perdomo, et al., 2014). Videos would be the most optimal simulation 
method, showing speed, enhancing empathy. 

Some of the attributes are pre-defined because of the nature of the research. Because the 
research is about the performance of Heijmans smart highway concepts with respect to 
environmental characteristics such as light pollution and weather conditions, these two will most 
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likely become two of the attributes. The levels however will be explained in the next paragraph. The 
remaining attributes will be defined in the next chapter. 

The SP-method collects data by using a survey which shows the respondents either the 
alternatives that should be chosen from or one alternative that should be evaluated. This can be 
done in several ways such as with photos or videos. Simulated environments are a good 
representation of reality. Though people tend to be more positive in real environments the usage of 
a simulated environment does not significantly change respondents perception (Bishop & Rohrmann, 
2003).  

3.1.2 DATA COLLECTION TOOL 
It was considered to let cyclists test the different scenarios in practice, using a more qualitative 

approach to the research. People could actually cycle over the cycle path and the environment would 
be altered every time they would perform the action. The problem with this research approach is 
that it would be difficult to make a careful copy of the path that could be placed in an environment 
that could be manipulated on the several attribute points. Also, the scientific value of this method 
was much lower than with a quantitative research. 

The tool that is used for the questioning of respondents is a standardized questionnaire. For the 
visual representations, photographs are used. Photographs are more expressive than descriptive 
text. Videos were also considered, because the experience of the cycle path would be better with 
moving images. However, because of the low light circumstances, filming the cycle path was very 
distorted and not representable while the pictures taken of the path where better than expected and 
very suitable. Also, the manipulating of photographs is a lot more easier than manipulating film-
material.  

The questionnaire is integrated into an online survey system using the van Berg software that 
the TU/e has available. The questionnaire is very visually based. Because the respondents’ 
experience is so important for this research, the visual outline has been payed close attention to for 
the survey. People have to be able to picture themselves in the situation presented. Therefore 
schreen filling images were used. And the background and outline is black and dark grey so that there 
is no light pollution in viewing the pictures on the screen. Also the questionnaire will be conducted 
within controlled environments, with little to no ambient light and either on a large screen or on a 
projected image on the wall. With this procedure, the way people view the pictures is equal, not 
varying too much between respondents.  

3.2 STATED CHOICE EXPERIMENTAL DESIGN 

Because of the choice for using SP as research method the respondent is shown several 
hypothetical scenarios. These scenarios are based on Figure 10 shown below, which is picture of the 
current Van Gogh-Roosegaarde cycle path. It is made during the darkest point in the night. This bend 
is chosen because it is the longest piece with the glow-in-the-dark stones. Only the bends are used 
because the patterns of the stones are concentrated there. 
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FIGURE 10: HEIJMANS INTERACTIVE PAVEMENT 0-SITUATION 

 
This picture is manipulated using Photoshop CS6 to variate on different attributes. The 

attributes were chosen from the literature and from own insight. Figure 11 shows an overview of the 
attributes and their levels. 

 

 
FIGURE 11: ATTRIBUTES AND THEIR LEVELS USED IN THE STUDY 

 
There are two types of attributes. The first category are attributes that, when placing the 

Heijmans interactive pavement somewhere, planners don’t have influence on. These environmental 
attributes are visibility, light pollution and whether the cyclists cycles in a group or alone. Then there 
are attributes that can be controlled. These are customizable attributes, these include path wideness 
and the colours of the stones used. All the levels except for light pollution are divided in equal steps. 
Only for the light pollution the photos were made on own experience of time of day. Then the photos 
were taken to the Van Gogh-Roosegaarde cycle path and checked with what was observed there. 
This took three times to get the photo right with the time of day. The attributes, their levels and the 
visual representations are explained in the following section. 

 

Visibility 

5 m ( heavy fog) 

15 m (fog or 
heavy rain) 

25 meter (rain) 

clear 

Light 
Pollution 

H 140 lux 
V 65 lux 
(dusk) 

H 60 lux 
V 35 lux 

(complete sunset) 

H 20 lux 
V 20 lux 
(night) 

Path 
wideness 

1,5 m 

2,5 m 

3,5 m 

Colour of 
stones 

Only GD 

GD with Fluor 

Group 

Alone 

2 people or more 
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3.2.1 TRANSLATION OF ATTRIBUTES AND THEIR LEVELS TO VISUAL REPRESENTATION 
Visibility. Weather conditions have an impact on the experience of the cycle path. Weather 

conditions can make it lighter or darker, but also changes the colour of the concrete cycle path. Since 
weather conditions are linked to the amount of visibility, these factors are put together to make one 
variable Visibility. The attributes of this variable are: 

• Heavy fog (5m visibility) 
• Light fog (15m visibility) 
• Rain (25m visibility) 
• Clear 
These values are shown in the following Figure 12 below: 
 

5m visibility 

 

15m visibility 

 
25m visibility 

 
 

Clear 

 
 

FIGURE 12: ATTRIBUTE VISIBILITY AND LEVELS 

 
Light pollution. Heijmans is mostly interested in Light Pollution. Because of how the current Van 

Gogh-Roosegaarde path is situated, there is variation in time of day from twilight to night. Because 
pictures of light situations cannot be the same as reality due to settings and limitations of the 
camera, several trips were made to the Van Gogh-Roosegaarde cycle path. First, sample pictures and 
sample movies were made to get a clear view on how the cycle path performed on camera. Then 
after choosing pictures over movies, and the position of the pictures was determined. The picture 
that is used as a basis for the manipulated pictures was taken. Then lux values where measured three 
times between the 20th of July and the 3rd of August 2015 and distinguishable lux values were 
chosen. Next the different environmental light variables were developed in Photoshop. These 
pictures were taken to the cycle path on an Ipad to see if they matched reality. Because the 
differences must still be distinguishable there has been made use of 3 different time slots at: 

• 22u30 the lux value was horizontally(H): 140 lux and vertically(V): 65 lux. 
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• 23u15 the lux value was H: 60 lux and V: 35 lux 
• 23u50 the lux value was H: 20 lux and V: 20 lux 
These values are described to the respondents as: 'twilight', 'evening' and 'night'. and are shown 

with the following pictures. All the values where measured with a lux meter. 
 

140 lux 

 

60 lux 

 
20 lux 

 
FIGURE 13: ATTRIBUTE LIGHT POLLUTION AND LEVELS 

 
Path wideness. The current cycle path is 2,5 m wide. It is interesting to investigate whether if 

making the cycle path wider or more narrow has an effect on the way people experience the cycle 
path. Therefore the attribute Path Wideness has three levels, the current wideness, a wider 
alternative and a more narrow alternative. To keep the changes understandable for the respondents 
the difference between the three levels is given in equally large steps. To correspond with the 
guidelines for cycle paths these three options are kept the same as the options which the design 
guidelines prescribe for cycle paths (CROW, 1993). 

• Narrow (1,5m) 
• Normal(2,5m) 
• Wide(3,5m) 
The representation is shown in Figure 14: 
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1,5m wide 

 

2,5m wide 

 
3,5m wide 

 
FIGURE 14: ATTRIBUTE PATH WIDTH AND LEVELS 

Fluorescent present. The glow-in-the-dark stones that are used are of a green-blue mix. It is 
possible to use a mixture of different colours. These are Fluorescent Stones. This might also alter the 
experience people have when making use of the cycle path. This variable has two levels: 

• Only glow-in-the-dark 
• Added coloured stones 
The representation is as in Figure 15: 
 

Only Glow-in-the-dark 

 

Coloured stones 

 
  

FIGURE 15: ATTRIBUTE COLOURED STONES AND LEVELS 

 
Group the last variable is not visually represented and will be added to the picture in text. It is 

whether people cycle alone or in a group. 
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3.3 FROM ATTRIBUTES TO SCENARIO'S 

The amount of variable scenarios that could be formed out of the different attributes would be: 
4 x 3 x 3 x 2 x 2 = 144 possible scenarios. Through structured diminishing this amount  is reduced to 
16 possible scenarios with an as much as possible equal distribution of the variables among the 
scenarios. In this way the attributes are viewed independently. The choice was made to focus only on 
main effects and not on interactive effects. The benefit received from viewing the variables 
independently is that the amount of questions is greatly reduced. Viewing the variables correlating 
often give small to no significant effects.  

The following Scenarios are drawn from the reduced data 
Nr Visibility Environmental light Path width Fluorescent Group 
1 5m 20 lux 3,5m ja ja 
2 5m 60 lux 2,5m nee ja 
3 5m 60 llux 2,5m ja nee 
4 5m 140 lux 1,5m nee nee 
5 15m 20 lux 2,5m nee nee 
6 15m  60 lux 3,5m ja nee 
7 15m  60 lux 1,5m nee ja 
8 15m 140 lux 2,5m ja ja 
9 25m 20 lux 1,5m ja nee 
10 25m 60 lux 2,5m nee nee 
11 25m 60 lux 2,5m ja ja 
12 25m 140 lux 3,5m nee ja 
13 clear 20 lux 2,5m nee ja 
14 clear 60 lux 3,5m nee nee 
15 clear 60 lux 1,5m ja ja 
16 clear 140 lux 2,5m ja nee 

TABLE 1: VARIABLE SCENARIOS 

 
The blue row is the path under "perfect" conditions as it is  implemented now. Because this path 

is shown as the 0-situation, to which respondents are asked to refer to when they measure their 
experience on the displayed variable situation, this path is slightly altered. Decided is to differ in path 
width, because the 2.5m wide path was already used several times. The decision was made to make 
it 1.5m wide instead of the shown 2.5m. 

The visual representation is shown in Figure 16 below: 
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Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

Scenario 4 

 
Scenario 5 

 

Scenario 6 

 

Scenario 7 

 

Scenario 8 

 
Scenario 9 

 

Scenario 10 

 

Scenario 11 

 

Scenario 12 

 
Scenario 13 

 

Scenario 14 

 

Scenario 15 

 

Scenario 16 

 
 

FIGURE 16: SCENARIOS 

 
Because for respondents it is quite difficult and a protracted job to assess all 16 scenarios after 

each other, the questionnaire will be split up into two sets of eight scenarios: one respondent will 
see the first set of eight scenarios and the next respondent the second set of eight scenarios. This 
reduction helps to make the duration of the questionnaire on average fifteen minutes long.  

3.4 QUESTIONNAIRE DESIGN 

The questionnaire consists of three parts. First the respondent is asked for their cycle history 
and cycle values. These questions are meant to gain more information about the sample of 
respondents. Also the respondents are already put to thinking about cycling behaviour easing them 
into the experiment. Then the respondent is shown the actual experiment. Lastly the respondent can 
fill in their demographic data. A full overview of the questionnaire is shown in Appendix I, the 
questionnaire is however, only available in Dutch. 

3.4.1 PART 1: CYCLE HISTORY AND VALUES 
The survey procedure is the following. Firstly the respondents are welcomed and thanked for 

completing the questionnaire. Then on the second page they are asked to fill out how often they 
cycle and for what purpose. To make the question more easy for the respondents a subdivision of 
four reasons is made: 

- Recreation, cycling for the pleasure of cycling, for example to admire a landscape. 
- Structured transport, cycling to get to a destination on a regular basis. 
- Unstructured transport, cycling to get to a destination on un regular basis. 
- Sports, cycling for the physical benefits. 
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The respondents can state whether they do this yearly, monthly, weekly, daily or never. On the 
basis of their answers they can fill out for every subdivision how many kilometres they cycle and how 
often this is during daytime or night time.  

Then the respondents are asked to make the pairwise comparison between the cyclist values. 
The representation in the questionnaires is as Figure 17. 

 
 More 

important 
Slightly more 

important 
Equally 

important 
Slightly more 

important 
More 

important 
 

Social safety      Traffic safety 
       

FIGURE 17: PAIRWISE COMPARISON IN SURVEY 

 
Afterwards respondents are asked whether their values or/and route choice would change when 
cycling during night time. Next the respondents are asked to describe their usual cycle path on the 
basis of features which are shown in pictures. 
 
Seperation from 
motorized road 

Street lighting No motorized road near 
Combined with 
motorized road 

Two way cycle path 

 
 

  

 

FIGURE 18: FEATURES CURRENT CYCLE PATH 

 
From these pictures shown in Figure 18 the respondents can tag the features which they find 

most when using their regular cycle path. 

3.4.2 PART 2: RATING THE HEIJMANS INTERACTIVE PAVEMENT AND IT’S ATTRIBUTES 
Then the actual experiment begins. The Van Gogh-Roosegaarde cycle path is shown in its 

current form under what is believed to be ‘ideal circumstances’. And the respondents are asked to 
compare the Van Gogh Roosegaarde cycle path to their current cycle path in the following way. 
Above the answer table a picture of the Van Gogh-Roosegaarde cycle path was shown. 
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Background  Cyclepath 

Visibility   Clear 

Light pollution   Night 

Width cycle path   2,5 meter 

Fluorescent stones in colours   No 

Show on the scale below how you rate this cycle path when comparing it to this cycle path 

Evaluation Less 
Slightly 

less 
No 

difference 
Slightly 
more 

More 

What is your opinion on this cycle path comparing to your 
current cycle path when looking at aesthetics?      

What is your opinion on this cycle path comparing to your 
current cycle path when looking at social security?      

What is your opinion on this cycle path comparing to your 
current cycle path when looking at traffic safety?      

What is your opinion on this cycle path comparing to your 
current cycle path when looking at the overview of the 
road? 

     

Stimulates this cycle path your willingness to cycle compared 
to you current cycle path?      

FIGURE 19: PRESENTATION OF QUESTION IN THE QUESTIONNAIRE 2 

 
After this question the actual SP experiment begins. The respondent is shown all the variables in 

a picture form to prepare them for the questions shown in Figure 19. The next eight slides are the 
same kind of tables as shown above. Only now the question is asked to compare the scenario to the 
0-situation which is the scenario they were asked to rate compared to their own cycle path. This 
picture is always retrievable with a link in the top of the screen. After the real experiment, the 
demographic questions are asked about age, gender, living circumstances (urban/rural) and distance 
from work. The last slide there is an option to fill in remarks. 

 
With all this data the questionnaire is conducted in five different days in four different locations 

over a time span of three weeks. Because of the necessity to equalize the environment to a dark 
room with a large picture, only rooms without windows are used and materials for projecting the 
picture big and clearly is also used. A beamer of Heijmans was borrowed but because of the bad 
quality of the image, the better quality beamers of the locations are used eventually after balancing 
the picture to the right temperature and image settings. After these three weeks all the data is 
collected and the analysis of the date can begin. 

3.5 ANALYSIS 

To interpret the outcomes of the experiment a data analysis is conducted. The type of analysis is 
determined by the design of the experiment. In this section the analysis and background of the type 
of analysis is provided. The two research methods used both have a different way of analysing. For 
the whole research a confidence interval of 90% is taken into account. 
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3.5.1 PAIRWISE COMPARISON FOR CYCLIST VALUES 
For the pairwise comparison the following aspects are included as aspects that people perceive 

as values when evaluating cycle paths in this research: 
- Aesthetically pleasing environment, through for example landscapes, vegetation or 

buildings. 
- Social safety, whether you would expect to get robbed on this cycle path, whether a 

person finds the chance of criminality heightened. 
- Traffic safety,   whether  a person is not afraid of collisions or obstacles that would stand in 

the way of cycling. 
- Speed, the time it takes to get to the destination 
- The presence of facilities for cycling, cycle bridges, priority lanes, facilities made to improve 

the flow for cyclists. 
The model that derives from these aspects is: 

As
pe

ct
s 

 
 

Aspects 
Bicycle 

facilities 
Social 
safety 

Traffic 
safety 

Environment Speed 

Bicycle facilities      
Social safety      
Traffic safety      
Environment      
Speed      

TABLE 2: MODEL PAIRWISE COMPARISON VALUES FOR CYCLING 

 
For every respondent the matrix presented in Table 1 is filled in with the evaluation score of the 

respondent. The pairwise comparison was structured as followed. There was a five-point scale on 
which respondents could show their preference between the two values. The values that where 
appointed to the scales are as follows: 

• 3  Aspect A is much more important than aspect B 
• 2  Aspect A is more important than aspect B 
• 1  Aspects A and B are equally important 
• 2  Aspect B is more important than aspect A 
• 3  Aspect B is much more important than aspect A 

After the matrix is filled in, the matrix is normalized. A consistency check is conducted to see if 
respondents filled in the pairwise comparison consistently. For an example of the calculations see 
Appendix II. 

3.5.2 ORDINAL REGRESSION FOR STATED PREFERENCE EXPERIMENT 
A choice experiment is conducted with a 5-point scale for rating each scenario. This scale is 

presented as followed. The respondents are asked on each of the experience variables, how they feel 
about scenario compared to the 0-situation. The five point scale has the following values: 

- 1  Less 
- 2 Slightly less 
- 3 No difference 
- 4 Slightly more 
- 5 More 
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This scale has an ordinal nature because it is unclear whether the scale between the ratings is 
with equal intervals. Because of this, the data analysis will be done by ordinal regression. (Norris, et 
al., 2006). The ordinal regression model is an extension of binary logistic regression. 

 
The model that will be analysed is the model also mentioned in section 2.6.3, but for 

convenience it is shown in Figure 20 a second time. All the attributes work as independent variables 
in this model, the user experience parts are the dependent variables. 

 

 
FIGURE 20: RESEARCH MODEL 

 
The dependent variables located under the user experience are translated to the following 

codes in the data analysis: 
- B: Aesthetics 
- V: Traffic safety 
- S: Social safety 
- O: Overview of road 
- N: Willingness to cycle 

The attributes are categorical and the attributes should be recoded. To do this, effect coding is 
used. In this research there are attributes with two levels, three levels and four levels. The effect 
coding then looks like this: 

 
 Indicator variables Part-worth utility 
Two levels iv1    

0 1   β1 

1 -1   -β1 
Parameters β1    
Three levels iv1 iv2   
0 1 0  β1 
1 0 1  β2 
2 -1 -1  -( β1+ β2) 
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Parameters β1 β2   
Four levels iv1 iv2 iv3  
0 1 0 0 β1 
1 0 1 0 β2 
2 0 0 1 β3 
3 -1 -1 -1 -( β1+ β2+ β3) 
parameters β1 β2 β3  

TABLE 3: EFFECT CODING UP TO FOUR LEVELS (JANSEN, ET AL., 2011) 

  
For each of these variables the respondent is asked to rate it on the 5-point scale. Every 

respondent rates eight scenarios leading to eight observations per respondent. To analyse the 
preference of the respondent the following equation is used. 

 
𝑦𝑦 ∗𝑖𝑖= 𝛽𝛽𝑖𝑖𝑥𝑥𝑖𝑖 + 𝜀𝜀𝑖𝑖  

 
With 𝑦𝑦 ∗𝑖𝑖 the predicted outcome of the dependent, latent variable for observation i 
 𝛽𝛽𝑖𝑖  the vector of regression coefficients for observation i 
 𝑥𝑥𝑖𝑖  the vector of independent variables included in the model to predict y* for 

observation i 
 𝜀𝜀𝑖𝑖  an error component for effects that are not included in the model  
    

These calculation will all be done in the statistical calculations program SPSS version 22. 
 

3.5.3 HOW GOOD IS THE MODEL? 
To evaluate whether the model fits reality several tests are run. The goodness of fit is measured 

with (Louviere, et al., 2000): 
- Log likelihood ratio D 
- Pseudo R2 

Viewing these two tests is sufficient to determine the goodness of fit for the model. 
 
The Log likelihood ratio (𝐷𝐷) tests the model compared to the null model which has zero 

parameters. From the test a ratio is follows between 0 and 1. The equation needed to determine this  
is. 

𝐷𝐷 = −2 𝑙𝑙𝑙𝑙 �
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑜𝑜𝑓𝑓 𝑡𝑡ℎ𝐿𝐿 𝑙𝑙𝑛𝑛𝑙𝑙𝑙𝑙 𝑚𝑚𝑜𝑜𝑜𝑜𝐿𝐿𝑙𝑙

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑜𝑜𝑓𝑓 𝑡𝑡ℎ𝐿𝐿 𝑎𝑎𝑙𝑙𝑡𝑡𝐿𝐿𝑓𝑓𝑙𝑙𝑎𝑎𝑡𝑡𝐿𝐿𝑎𝑎𝐿𝐿 𝑚𝑚𝑜𝑜𝑜𝑜𝐿𝐿𝑙𝑙
� 

his equation results in an outcome between 0 and 1. The value should optimally be 0, but  
results within the confidence interval of p<0,1, indicate that the model is significant. 

 
The Pseudo R2 (𝑅𝑅2) also shows the goodness of fit through comparing the model of the research 

to the null-model. The optimal value for this R² is between 0.2 and 0.4 (Louviere, et al., 2000). The R² 
is calculated with the following equation. 

𝑅𝑅2 = 1−
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑜𝑜𝑓𝑓 𝑡𝑡ℎ𝐿𝐿 𝑎𝑎𝑙𝑙𝑡𝑡𝐿𝐿𝑓𝑓𝑙𝑙𝑎𝑎𝑡𝑡𝐿𝐿𝑎𝑎𝐿𝐿 𝑚𝑚𝑜𝑜𝑜𝑜𝐿𝐿𝑙𝑙

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑜𝑜𝑓𝑓 𝑡𝑡ℎ𝐿𝐿 𝑙𝑙𝑛𝑛𝑙𝑙𝑙𝑙 𝑚𝑚𝑜𝑜𝑜𝑜𝐿𝐿𝑙𝑙
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4. RESEARCH RESULTS 
In the questionnaire, three different parts where included. The first and last part gives us 

background information about the content of the sample, its experiences and its values. The second 
part is the actual experiment. In this chapter first the demographics and the background of the 
sample will be sketched. Then the experiments outcome will be shown. 

4.1 PART 1: DESCRIPTIVE STATISTICS AND PAIRWISE COMPARISON 

In this chapter the results that came from the descriptive statistics and the pairwise comparison 
is described. Showing the important details about the sample and the evaluation of the values of 
road characteristics. 

4.1.1 SAMPLE SIZE AND DISTRIBUTION 
For the sampling an attempt is made to get a very random sample. But because the 

questionnaire must be performed in a controlled environment this is not entirely possible. The 
darkened rooms that are available are at the following locations with the explanation of the average 
respondent in the set environment: 

• Heijmans B.V. - Graafsebaan 3, Rosmalen, at Heijmans the average respondent is male, 
between 30 and 60 years old, and has already knowledge and possibly an opinion about the 
current Van Gogh-Roosegaarde cycle path. Education is on average Bachelor’s degree. 

• TNO - Schipholweg 77, Leiden, at TNO the average respondent is of both genders, between 
30 and 60 years old, and has no knowledge of the Van Gogh-Roosegaarde cycle path, 
however, they are all highly educated, either master or doctorate. 

• Burggolf Haverleij  - Leunweg 40, 's-Hertogenbosch, at Burggolf Haverleij the average 
respondent is of both genders, between 40 and 71 and no knowledge of the Van Gogh-
Roosegaarde cycle path and the education level varies. 

• Engelenburcht - Heuvel 19, Engelen, at Muziek Collectief Engelen(MCE) the average 
respondent is of both genders, between 12 and 70 years old, no knowledge of the Van Gogh-
Roosegaarde cycle path and education level varies. 

• Orthodontisten Praktijk Eindhoven – Woensel, Eindhoven, at O.P.E. the employees are 
mostly female between 19 and 50, some knowledge of the Van Gogh-Roosegaarde cycle 
path, because it is in Eindhoven. The education level is MBO. 

At these locations people with different profiles will fill out the questionnaire. These profiles are 
based on the different organisations in which the respondents are involved. The sampling strategy is 
done partly on the basis of convenience sampling. However it has been taken into account that the 
sample should not only consist of Heijmans employees, and since cycling is an activity that appeals to 
all ages and demographic groups, attempted is to make the group as diverse as possible. Therefore a 
respondents from a sports club, two service organisations and an orchestra have been invited to fill 
out the questionnaire. This helps to deliver us the required spread of respondents in backgrounds, 
age and gender. 

The required sample size is calculated using the following equation (Hensher, 1994). 

𝑁𝑁 ≥
500 ∗ 𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚

𝐽𝐽 ∗ 𝑆𝑆
 

With 𝑁𝑁 The desired sample size 
 𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚  the largest number of levels of the used attributes 
 𝐽𝐽 the number of alternatives included in a choice-set 
 𝑆𝑆 the number of choice-sets in the experiment  
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In this experiment the maximum amount of attribute levels is four, the number of alternatives is 
sixteen, and there are  2  alternatives in a choice-set. This concludes the number of respondents to 
62.5, or 63. 

The respondent group eventually consisted of 67 people.  As described in the previous chapter, 
the questionnaire was executed at several locations. The distribution of the sample population was 
as follows: 

Organisation Number of participants 
Heijmans 19 
TNO 24 
Burggolf 9 
MCE 8 
O.P.E. 7 
Total 67 

TABLE 4: SAMPLE DISTRIBUTION 

 

4.1.2 DESCRIPTIVE STATISTICS 
Age. The participants are quite equally distributed when looking at age groups. As is shown in 

the graph below, 19 respondents were younger than 30, 24 respondents were in between 30 and 50 
and 22 respondents were older than 50. These age categories were partly chosen because they are 
all categories that could cycle during night time.  

 
FIGURE 21: DATE OF BIRTH 

 
Because of the equal distribution the sample is sufficiently distributed to account for all relevant 

age groups as is visually represented in Figure 21. 
 
Gender. The gender deviation is a bit skewed. 36 men filled out the questionnaire and 29 

women. Sadly two people did not finish the questionnaire and did not fill out there gender. However 
previous research shows that men cycle more than women (Blue, 2013). 
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Distance to work. This question was 
partly to assess whether people have the 
option to cycle, and to see how far people 
in the sample actually live from their work 
location. The largest part of the sample 
lived outside of a range of 15 km of their 
work. 56,9% lived outside a range of 15 km, 
32,3% lived within a range of 15 km and 
10,8% said not applicable which indicates 
that either they were unemployed or 
retired. The visual representation of this 
control variable can be seen in Figure 22. 

 
Reason for cycling and usual cycling distance. The first question of the questionnaire was asked 

to determine how often the respondents cycled and for what purpose. For every category the 
answers can be seen in the Figure 23. As can be seen the least popular category was sport. Over 67% 
of the respondents answered never to ride a bicycle for sports. The most popular category was 
unstructured transport. Only two people answered to use the bike for unstructured transport every 
day. But approximately 74% said to use the bike for this category a couple of times a week or a 
month. Also the sample contained several structured transport bicycle users. About half of the 
respondents use the bike for structured transport regularly.  

Recreation 

 

Structured Transport 

 

Unstructured transport 

 

Sport 

 
 

 
 
FIGURE 23: CYCLING FEQUENCIES CATEGORIES 

 
When joining all the cycling categories together, an overview arises of how experienced the 

dataset is with cycling. The visual representation can be seen in Figure 24. Form this figure it is clear 
that in this sample the biggest part cycled once or several times a week.. It can be stated that the 
sample consisted for the biggest part, of frequent cyclists.  Only a small percentage said never or, 
once or several times a year. The respondents that filled in never for each category of reasons to 
cycle where still asked to fill in the rest of the questionnaire. The reason for this is that, even people 
that do not cycle can use the visual representations to form an opinion about the experience of 
Heijmans interactive pavement. 

FIGURE 22: DISTANCE FROM WORK 
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FIGURE 24:  CYCLING FREQUENCIES OVERALL 
 
The respondents were also asked to state what distances they cycle for each category. The 

visual representation can be seen in Figure 25. These percentages are shown of the number of 
respondents that stated to cycle for the stated purpose. Not everyone cycled for, for example, 
sports. Only 22 did, but, of that 22, over 60% of the trips taken where of a short distance. This can be 
seen in Table 5. 

 
Reason N of respondents 
Recreation 52 
Structured transport 50 
Unstructured transport 60 
Sport 22 

TABLE 5: PERCENTAGES OF RESPONDENTS CYCLE FOR PURPOSE 

 

 
FIGURE 25: DISTRIBUTION OF DISTANCES IN PERCENTAGES 
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But the respondents on average cycle short distances rather than longer distances. As can be 
seen  Figure 25 above, the first category which represents the shortest distance, has the biggest 
percentages.  

Also researched was whether these cycle trips for the different reasons took place during 
daylight or during the night. In the tables below the percentages of the respondents answers are 
displayed. 

 

 
FIGURE 26: DISTRIBUTION TIME OF DAY IN PERCENTAGES 

 
These results show that most of the respondents cycle during daytime, but still a reasonable 

proportion also cycles during the night. This is visually represented in Figure 26 Especially 
Unstructured transport takes place during night time for a reasonable percentage. This is not 
surprising, a lot of people prefer the bicycle when traveling to the city, while both ways of 
transportation are illegal with a high enough alcohol consumption, the use of alcohol is tolerated 
more than using a motorized vehicle. 

 
Regular cycle path When describing their regular cycle path the respondents were asked to 

choose from a list of features, for the list and the corresponding pictures see section 3.4.1. The 
respondents could choose multiple features to best describe their cycle path. Afterwards they were 
asked to compare this cycle path to the Van Gogh-Roosegaarde cycle path and state what they 
thought of the experience of this path. This experience of course graded on the same five 
components as in the experiment: aesthetics, traffic safety, social safety, overview of the road and 
cycling frequency. 

Feature % Present 
Streetlights 73,1% 
Two way street 38,8% 
Combined with motorway 55,2% 
Within urban area 59,7% 
No motorway nearby 13,4% 

TABLE 6: FEATURES CURRENT CYCLE PATHS OF RESPONDENTS 
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Looking at the regular cycle paths of the respondents the average cycle path would have 
streetlights, be combined with a motorway and lay within an urban area, since these features scored 
above 50% for the respondents this can be seen in Table 6. This is the cycle path that respondents, 
on average, considered when comparing their situation to the Van Gogh-Roosegaarde cycle path. 

4.1.3 PAIRWISE COMPARISON 
To assess what evaluations respondents have when it comes to route choice a pairwise 

comparison was conducted between five different route characteristics. The respondents had to 
make 10 comparisons between the five chosen characteristics. In Appendix II the calculations of one 
of the respondents is added. The other respondents responses were calculated in the same way. 

For every respondent the constancy test was conducted three of the 65 respondents proved to 
have answered the questionnaire inconsistent. The inconsistent respondents were taken out of the 
calculation but it had no effect on the final answers. The outcome of the pairwise comparison 
analysis is a ranking of the different route characteristics.  

 
Aspect Average Rank 
Bicycle facilities 0.1947 2 
Social safety 0.1903  3 
Traffic safety 0.2419 1 
Environment 0.1868 4 
Speed 0.1862 5 

TABLE 7: RANKING VALUES CYCLE PATH CHOICE 

 
As can be seen in Table 7 respondents ranked traffic safety as most important when choosing 

their cycle route. Traffic safety is number one by quite a large fraction. Then bicycle facilities and 
social safety rank quite equally on 2nd and 3rd place. The other two characteristics environment and 
speed rank quite low. 

However, 68,7% said social security became more important when cycling at night. About half of 
the respondents also stated to change their route when cycling during night time. It would seem that 
the night has a big influence on peoples evaluation of route characteristics.  

4.1.4 CURRENT SITUATION COMPARED TO VAN GOGH-ROOSEGAARDE CYCLE PATH  
When looking at the comparison of the current situation of the respondent compared to the 

Van Gogh-Roosegaarde cycle path the following results were found.  
On aesthetic experience 22,7% found that it improved slightly and 63,6% found that it improved 

greatly. This positive result was expected. For the other components the opinions were more 
divided. For the two safety factors the answers where very similar. Over 30% did not see a difference 
and the other percentages where divided over the other possibilities. For overview 30% said they 
found the experience a bit less and 30% stated to find it a bit more. For the last experience 
component, cycle frequency, 40,9% stated that it would not make a difference for their cycle 
behaviour. They would not cycle more, and not cycle less if cycle paths looked like this path. 

The aesthetic result and the cycle frequency result are the only with a convincing result. The 
other variables are deed insignificant because of the inconsistent answers. 

4.2 ANALYSIS OF STATED CHOICE EXPERIMENT 

In the actual experiment, respondents were asked to evaluate the cycle path on five aspects 
which together form the experience of people when using the Van Gogh-Roosegaarde cycle path in 
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variating conditions. x% of the combinations of dependent variables had no frequencies, this 
warning arises when running the analysis. It means that not all the combinations where present in 
the experiment. This is inevitable in an analysis using covariates. However this does not mean the 
analysis cannot completed but, it could have a problematic effect on the outcome of the experiment. 
However when viewing which of the combinations had no frequency through cross tables the zero 
frequency combinations were not found.  All the outcome tables of SPSS can be found in APPENDIX 
III. 

4.2.1 SIGNIFICANCE AND PSEUDO R-SQUARE 
All the dependent variables have models which are statistically significant.. This means that the 

model is a significant improvement when comparing it to 0-model, this is a good outcome for the 
research because the models give a significant insight. 

When looking at the Pseudo R-Square tests, the McFadden values of all the dependent variables 
are as shown in Table 8. 

 
B 0,043 
V 0,035 
S 0,047 
O 0,042 
N 0,032 

TABLE 8: MCFADDEN VALUES 

 
These values are quite low when taking into account that the optimal value lies between 0.2 and 

0.4. This suggests that the independent variables where not very strong predictors for the outcome 
of the dependent variables because the values are quite low (Liu, 2009). This does not mean that the 
model is not interesting. Because of the number of respondents, R² values turn out quite low. This 
happens quite regularly in studies. There are sources which are sceptical about the true value of the 
R² values (Hosmer Jr. & Lemeshow, 2000) 

 
The following section shows the interaction effects of attributes and their levels on the 

independent variables. At the bottom of this section in paragraph 4.3 conclusions are drawn. 

4.2.2 ASSOCIATION BETWEEN AESTHETICS, VISIBILITY AND PATH WIDENESS  
For the dependent variable aesthetics, the attributes visibility and path wideness have a 

significant effect on how the respondents perceive the evaluation compared to the base situation. 
The outcome of the analysis is visually represented in Figure 27. 
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FIGURE 27: SIGNIFICANT ATTRIBUTES CONCERNING AESTHETICS 

The visibility attribute levels that have a significant effect are: visibility of 5m and visibility clear. 
The attribute levels  of visibility of 15m and visibility of 25m have no significant effect on the 
aesthetics and through that they are determined to be 0. The attribute levels of 5m and clear have a 
quite large effect compared to each other. The attribute level clear is compared to the other 
variables a very positive influence.  

The path wideness attribute level is the most positive when the path is 3,5 m, also positive at 
1,5m and not significant at 2,5 m. This means that the respondents prefer either a narrow path or a 
broad path. 

4.2.3 ASSOCIATION BETWEEN TRAFFIC SAFETY, VISIBILITY AND PATH WIDENESS 
For the dependent variable traffic safety, the attributes visibility and path wideness have a 

significant effect on how the respondents perceive the evaluation compared to the base situation. 
The outcome of the analysis is visually represented in Figure 28. 

 

 
FIGURE 28: SIGNIFICANT ATTRIBUTES CONCERNING TRAFFIC SAFETY 

 
The visibility attribute levels that have a significant effect are: visibility of 5m, visibility of 25m 

and visibility clear. The attribute levels  of visibility of 15m has no significant effect on the traffic 
safety and through that is determined to be 0. The attribute levels of 5m and clear have a quite large 
effect compared to each other. The attribute level visibility of 25m has a smaller effect. The attribute 
level clear is compared to the other variables a very positive influence.  
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The path wideness attribute level is the most positive when the path is 1,5 m, also positive at 3m 
and a negative effect is perceived at attribute level 2,5 m. This means that the respondents prefer 
either a narrow path or a broad path compared to a “normal” path. 

4.2.4 ASSOCIATION BETWEEN SOCIAL SAFETY, VISIBILITY AND PATH WIDENESS 
For the dependent variable social safety, the attributes visibility and path wideness have a 

significant effect on how the respondents perceive the evaluation compared to the base situation. 
The outcome of the analysis is visually represented in Figure 29. 

 

 
FIGURE 29: SIGNIFICANT ATTRIBUTES CONCERNING SOCIAL SAFETY 

 
The visibility attribute levels that have a significant effect are: visibility of 5m, visibility of 25m 

and visibility clear. The attribute levels  of visibility of 15m has no significant effect on the social 
safety and through that is determined to be 0. The attribute levels of 5m and clear have a quite large 
effect compared to each other. The attribute level visibility of 25m has a smaller effect. The attribute 
level clear is compared to the other variables a very positive influence.  

The path wideness attribute level is the most positive when the path is 3,5 m, also positive at 
1,5m and a slightly negative effect is perceived at attribute level 2,5 m. This means that the 
respondents prefer either a narrow path or a broad path compared to a “normal” path. The effects 
are not very large in for this attribute. 

4.2.5 ASSOCIATION BETWEEN OVERVIEW OF THE ROAD, VISIBILITY AND PATH WIDENESS 
For the dependent variable overview of road, the attributes visibility and path wideness have a 

significant effect on how the respondents perceive the evaluation compared to the base situation. 
The outcome of the analysis is visually represented in Figure 30. 
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FIGURE 30: SIGNIFICANT ATTRIBUTES CONCERNING OVERVIEW OF ROAD 

 
The visibility attribute levels that have a significant effect are: visibility of 5m, visibility of 25m 

and visibility clear. The attribute levels  of visibility of 15m has no significant effect on the overview 
of road and through that is determined to be 0. The attribute levels of 5m and clear have larger 
effect compared to each other. The attribute level visibility of 25m has a smaller effect. The attribute 
level clear is compared to the other variables a very positive influence.  

The path wideness attribute level is the most positive when the path is 3,5 m, also positive at 
1,5m and a slightly negative effect is perceived at attribute level 2,5 m. This means that the 
respondents prefer either a narrow path or a broad path compared to a “normal” path. The effects 
are not very large in for this attribute. 

 

4.2.6 ASSOCIATION BETWEEN CYCLING FREQUENCY, VISIBILITY AND ENVIRONMENTAL LIGHT 
For the dependent variable  cycling frequency, the attributes visibility, environmental light and 

path wideness have a significant effect on how the respondents perceive the evaluation compared 
to the base situation. The outcome of the analysis is visually represented in Figure 31. 
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FIGURE 31: SIGNIFICANT ATTRIBUTES CONCERNING CYCLING FREQUENCY 
 

The visibility attribute levels that have a significant effect are: visibility of 5m and visibility clear. 
The attribute levels  of visibility of 15m and visibility of 25m have no significant effect on the cycling 
frequency and through that they are determined to be 0. The attribute levels of 5m and clear have a 
quite large effect compared to each other. The attribute level clear is compared to the other 
variables a very positive influence.  

The environmental light attribute level is the most positive when the environmental light is a 
140 lux, exactly oppositely distributed is the 20 lux attribute level. This means that the respondents 
prefer more environmental light. 

The path wideness attribute level is the most positive when the path is 3,5 m, also positive at 
1,5m and not significant at 2,5 m. This means that the respondents prefer either a narrow path or a 
broad path. 

 

4.3 CONCLUSION OF THE RESULTS OF THE SP EXPERIMENT 

In this section the results of the study are evaluated. For all the experience components or 
dependent variables the opinions are quite similar. This is not very surprising because the 
components are designed as such to describe the experience of people which can also be viewed as 
one general feeling. Because of this, some respondents (21,5%) were tended to fill in the same rating 
at each independent variable for one of the scenarios. The outcomes that were unexpected is the 
outcome for path wideness. For each of the scenarios, the 2,5m wide path, which is as the Van Gogh-
Roosegaarde path is situated now, the respondents graded it as less than a narrow or wider 
alternative. So respondents are actually saying that they would like to see the path changed, whether 
it would be narrower of wider makes no great distance. The preference is wider, but also the 
narrower option is experienced as more positive than the “normal” option.  
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FIGURE 32: THE EFFECT OF VISIBILITY ON USER EXPERIENCE 

 
In Figure 32 the effect of the attribute visibility on the user experience components are shown 

in the same diagram. As previously stated, the course of each diagram is quite similar. Even so, the 
effect of heavy fog (visibility 5m) is the biggest on social safety and is in almost equal steps less 
important for the other variables. The positive effect of a clear night sky is almost similar for all the 
components. Only for traffic safety the effect seems less large than the others.  

 
The attribute environmental light only had a significant effect for the dependent variable cycle 

frequency. The respondents also perceive the lower lux value as less of a reason to go cycling more 
often than with a higher lux value. The figure can be seen in Chapter 4.2.6 in Figure 31. 

 
FIGURE 33: THE EFFECT OF PATH WIDENESS ON USER EXPERIENCE 

Visibility 5m Visibility 15m Visibility 25m Clear
Aesthetics -0,778 0 0 0,778
Traffic safety2 -0,889 0 0,332 0,55
Social safety -1,01 0 0,262 0,75
Overview of road -0,942 0 0,263 0,679
Cycling frequency -0,653 0 0 0,716
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In Figure 33 the effect of the attribute path wideness on the user experience components are 
shown in the same diagram. Also here as previously stated, the course of each diagram is quite 
similar. When seeing the different components displayed in one graph, the effect of the path 
wideness of 3,5m and 1,5m seems almost similar. 

 
The attribute group and coloured stones had no significant effect for any of the dependent 

variables. Since the model was statistically significant tis indicates that cycling in a group of adding a 
different colour of stones does not improve user experience compared to the base situation where 
you cycle alone on a cycle path with only glow-in-the-dark colours. 
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5. CONCLUSIONS 
This chapter presents the conclusions that are drawn from the entire research. The research 

questions are answered and the results are evaluated. The main research question that was stated at 
the beginning of the research was: 

 
How does Heijmans interactive pavement and its environmental and customizable attributes 

influence the experience of cyclists? 
 
To answer this question, the sub questions are answered. 
 
What rules and regulations are there for cycle paths? 
In the literature review a research was done on the regulatory context for cycle paths. 

Regulations on cycle paths are different if they want to account for more or less traffic. Two way 
traffic is allowed once cycle roads are 1.5m, 2.5m and 3.5m wide. These path wideness variants are 
meant for different traffic flow situations. Cycle paths have different kinds of pavement techniques. 
The most preferred are asphalt and concrete. Cycle paths should always be designed with the 
experience and preference of the road user in mind. Cycling is a more challenging form of 
transportation than walking, and in some ways even more than motorized transportation. This 
because it takes muscle strength to move the bicycle and requires more coordination to balance bike 
and biker.  

 
How can experience of cyclists be described and measured? 
Experience is a term designers often use to describe the feelings and evaluations of users of 

their designs. But this term can be explained in multiple ways. For the research it was necessary to 
subdivide the term experience in measurable components. When evaluating a cycle path the 
literature showed different approaches. From this literature and with the expertise of Heijmans, the 
following components were derived: 

- Aesthetics, 
- Traffic safety 
- Social safety,  
- Overview of the road,  
- Stimulation of willingness to cycle. 
These components were the dependent variables for the stated choice model that followed. 

 
What do cyclists value when using a cycle path, and does this valuation change during night 

time? 
For this sub question first the literature was consulted to gain knowledge on factors that play a 

role when choosing a cycle path, then a pairwise comparison was presented to a sample of cyclists so 
they could rate the different route characteristics. The values were translated to route 
characteristics. The route characteristics that followed from the literature review are: 

- Aesthetically pleasing environment,  
- Social safety, 
- Traffic safety,  
- Speed, 
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- The presence of facilities for cycling. 
In the pairwise comparison respondents were asked to compare the five route characteristics 

and consider them on a five point scale. The results of the pairwise comparison were that traffic 
safety is valued as the most important characteristic, followed by social safety and the facilities 
present for cycling. Speed and an aesthetically pleasing environment were rated lower on the scale. 
During night time, the majority of the respondents said social safety became more important than 
traffic safety, and just over half of the respondents claimed to change their route when cycling in the 
dark.  

 
How do people perceive Heijmans interactive pavement, compared to their usual cycle path? 
To answer this question, respondents were first asked to show what type of cycle paths they 

usually make use of. From these questions followed that the usual cycle path for the respondents has 
streetlights, is combined with a motorway and is situated within an urban area, since these features 
scored above 50% for the respondents.  The cycle path with Heijmans interactive pavement 
improved especially the aesthetic aspect for respondents. For traffic safety, social safety and 
overview of the road, the results were divergent and non-conclusive. For cycling frequency, the 
respondents stated that the Heijmans interactive pavement cycle path did not encourage them to 
use the bicycle more often. 

 
What environmental attributes influence cyclists while using a cycle path, and what are the 

effects? 
From the literature study several environmental attributes were found to influence cyclists 

when using a cycle path. For this research on Heijmans interactive pavement, the following were 
chosen to research: 

- Environmental light 
- Visibility 
- Alone or in a group 

From the Stated Preference experiment the following results followed for the environmental 
attributes.  

Environmental light only had a significant effect for the dependent variable stimulation of 
willingness to cycle. From the data it showed, that people were more inclined to cycle when there 
was more environmental light. This was not completely expected in the beginning, because 
environmental light has a negative effect on the glow-in-the-dark stones of the Heijmans interactive 
pavement. But when taking into account the values of cyclists during night time, in makes more 
sense. Respondents stated that social safety becomes more important. And while the environmental 
light attribute had no effect on the feeling of social security, it would seem logical that people are 
more inclined to cycle if they feel safer. This would be the case with more light, which in turn gives 
you more feeling of what is around you on the cycle path. 

Visibility had significant effects for all of the dependent variables. The lowest attribute level, 
being 5m of visibility, had the biggest effect on traffic safety, one of the higher valued road 
characteristics. For the highest attribute level, clear visibility, the effects were most positive. The 
effects of the attributes levels seemed almost linear, going up as visibility rose, this was expected at 
front. 
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Cycling alone or in a group had no significant effect on the dependent variables. It was expected 
that a group would be preferred, because it would improve social security, but there seems to be no 
effect. 

 
 
What customizable attributes influence cyclists while using a cycle path, and what are the 

effects? 
From the literature study several customizable attributes were found that influence cyclists 

when using a cycle path. For this research on Heijmans interactive pavement, the following where 
chosen to research based on the literature study and Heijmans’ possibilities: 

- Path wideness 
- Colour of stones 

Path wideness had significant effects for all of the dependent variables. The effect of the 
attribute levels was unexpected. The outcome of the research was that the attribute levels 1.5m and 
3.5m were more positive than 2.5m. It was expected that 1.5m would have a lower effect than 2.5m 
but the outcome of respondent preferring 1.5m paths are not unthinkable. Also the result for the 
3.5m path wideness was for three dependent variables rated slightly above the 1.5m path wideness. 
Which was expected since a wider path should be better in all respects. For traffic safety and 
overview of road, the respondents found the 1.5m path more suitable. It could be that the smaller 
patterns of the Van Gogh-Roosegaarde cycle path had a part in this, making the path feel more clear.  

Colour of stones had no significant effect on the dependent variables. This is not surprising, 
whether a person prefers a different colour of stones is most likely a matter of taste. The responses 
given by respondents on their appreciation of colour of stones were very divergent. 
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6. RECOMMENDATIONS 
There are multiple parties for whom this research was relevant and for each of them 

recommendations are formed. The study was commissioned by Heijmans, several recommendations 
can be derived from the research for companies that would work with this technique. Then because 
of the socially relevant position cycling has in the community of the Netherlands, recommendations 
can be made for policy makers (local, national). Lastly, propositions can be made for further 
researches for the university or other interested parties. 

6.1 RECOMMENDATIONS FOR COMPANIES 

The following recommendations for companies follow from the research.  
The Heijmans interactive pavement technique as used in the Van Gogh-Roosegaarde cycle path 

is regarded as aesthetically more pleasing than the current cycle paths the respondents use. 
However from the research followed, aesthetics play a minor role in using a cycle path: people find 
traffic security most important during daytime, and find social security increasingly important during 
night time. On these subjects the tests gave no significant result comparing the current cycle paths to 
the Van Gogh-Roosegaarde cycle path. A nice and lighted path does not contribute to these two 
dimensions, it seems. When looking at the attributes, changing the path wideness would increase the 
aesthetics of the path even more. To improve the safety variables the path of 1,5m was rated the 
highest. What exactly caused people to rate the more narrow paths as more safe is not entirely clear. 
Perhaps people find the narrower path easier to focus on during night time. One of the 
recommendations for companies is to improve the experience of road users and to take different 
path wideness into account. 

Respondents stated to value most to be able to cycle in a socially secure way during night time. 
It could be interesting to develop ways to make the environment around the cycle path more clear. 
The different light distributions did not have a significant effect on the experience of the 
respondents. This would suggest that the cycle path is also suited for places with more 
environmental light. The perception of safety of people even rose a bit with a higher lux value. This 
could be an option for making the path more attractive for placing it throughout the country. Also 
the path seem suitable to place in environments which have higher forms of environmental light, the 
study was done only with natural light, but the literature suggests that artificial light would also be a 
good option. 

Because of the high aesthetical value of the Heijmans interactive pavement, the product is 
mainly interesting for recreational places that have high aesthetical goals like theme parks or 
museums. 

Even so, a low visibility lowers every component of experience of the users. Therefore the 
technique is not suitable for regions or locations which are known to have heavy weather conditions 
limiting visibility.  

6.2 RECOMMENDATIONS FOR POLICY MAKERS 

Cycling is a way of transportation that deserves a lot of emphasis in public plans. For policy 
makers, this study shows not many ways of improving people’s willingness to cycle. However, a good 
starting point would be to make people comfortable on cycle paths. Policy plans should focus on 
making cycle paths with a high traffic safety during daytime and high social safety during night time. 
Increasing environmental light during night time on cycle paths increases this feeling of social safety. 
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Improving infrastructure increases willingness to cycle. It has been described in various previous 
literature.  For policy makers it is important to continue to invest in cycling. Cycling can greatly help 
to achieve the economic and sustainability goals policy makers have. 

6.3 RECOMMENDATIONS FOR FURTHER RESEARCH 

An interesting topic to do further research on is how to improve the feeling of social safety 
when using cycle paths. For Heijmans interactive pavement a quantitative study was done, which 
was the first real study on the technique. It might be interesting to also do a qualitative study to 
further strengthen this research. Also within the data set of this research there is more information 
contained than displayed in this thesis report. Further investigation will give more information about 
how control variables such as age and gender influence cyclist’s values and choices. 
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7. DISCUSSION OF RESULTS 
In this chapter the results are discussed. Choices that were made are explained, alternative 

choices are stated. A research is never perfect; here some limitations of the study are summarized. 

7.1 SAMPLE SIZE 

The total of 67 is not a large sample but it was enough to be able to conduct the experiment. 
However a larger sample creates more reliable results and probably higher R² values. Sadly the data 
collection was restricted due to time constraints of the surveying, the demands for a controlled 
survey environment and the time in which the questionnaires took place, which was during the 
summer break. In this case, chosen was to guard quality was over quantity. The analysis technique 
requires a minimal amount of respondents of 63, a number that is secured by the sample. 

Some data collection issues were encountered that, after a separate analysis, did not affect the 
quality of the results.  At first the participants of the O.P.E.-company were not included in the 
sample. Because expected was to have a skewed deviation of male and female respondents, the 
female employees of O.P.E. where asked to fill out the questionnaire, making the distribution slightly 
more equal between women and men. The reason for this is that most of the groups where equally 
distributed with woman and men, accept for the Heijmans-sample which consists almost solely of 
men. The results may have been influenced by the number and type of respondents. Even if the 
sample is quite well distributed (with good representation of age groups, experience in cycling, 
gender distribution), the number of participants could have been higher. Expected is that the results 
are sufficiently robust. 

7.2 RESEARCH METHOD 

This research was the first quantitative study for Heijmans’ concept of the ‘Heijmans interactive 
pavement’. It was done through pictures which were manipulated to show combinations of variables 
to recreate different situations. The comments raised by the respondents were quite divergent. 
Some of the respondents stated that they wanted the 0-situation next to the situation they were 
measuring. Other respondents claimed there was too much text and that they did not read this and 
only focussed on the pictures. 

Also in this type of research there is always the risk of hypothetical bias, that people are not able 
to see the consequences when not experiencing the cycling over the actual path itself. 

The attributes of the research were chosen partly on the literature study and also on the basis of 
Heijmans’ expertise. The translation of these attributes to the scenarios brings design decisions 
which can always be done in different ways. The choice to use photos of the different road scenarios 
is a strong technique to uncover stated preferences. Video’s or other methods could generate more 
precise outcomes, but at a far higher cost. Photos are always difficult because it is not possible to 
know with a 100% certainty that the respondent experiences what you want them to experience 
while evaluating the photo.  

In the research approach, a choice was made to let the respondents evaluate one scenario at a 
time. This choice was made to make the task of the respondent more clear and increase the 
experience during the survey by seeing only one large picture for the evaluation. If a choice would 
have been offered instead of an evaluation task, would the outcome have been different? Expected 
is this not be the case, but future research should create such an opportunity. 
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Pagina 10 
We starten met de vraag of u het volgende fietspad kunt vergelijken met uw huidige situatie. Dat wil 
zeggen, het fietspad dat u normaal gezien gebruikt, indien u inderdaad 's nachts fietst. Neem het 
fietspad in gedachten waarvoor u de vorige vragen had ingevuld. In deze situatie fietst u tijdens een 
heldere nacht over het fietspad. 
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APPENDIX II – EXAMPLE PAIRWISE COMPARISON 
 
Calculation of the weights of one respondent: 
Step 0: Evaluation of respondent X 
Number Comparison (A versus B) Score 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Bicycle facilities - Social safety 
Social safety - Traffic safety 
Speed - Social safety 
Traffic safety - Environment 
Bicycle facilities - Speed 
Environment - Social safety 
Traffic safety - Bicycle facilities 
Speed - Environment 
Traffic safety - Speed 
Environment - Bicycle facilities 

3 
4 
2 
3 
4 
2 
2 
2 
4 
3 

 
 
 
 
Step 1 Translating the evaluation scores into matrix 
 
Aspects 

Aspects 
Bicycle facs Social saf Traffic saf Environment Speed 

Bicycle facs 
Social safety 
Traffic safety 
Environment 
Speed 

1.0 
1.0 
2.0 
1.0 
2.0 

1.0 
1.0 
2.0 
2.0 
2.0 

0.5 
0.5 
1.0 
1.0 
2.0 

1.0 
0.5 
1.0 
1.0 
2.0 

0.5 
0.5 
0.5 
0.5 
1.0 

Total 7.0 8.0 5.0 5.5 3.0 
 
Step 2 Normalize matrix (cell divided by column total) 
 
Aspects 

Aspects  
Bicycle facs Social saf Traffic saf Environment Speed Average 

Bicycle facs 
Social safety 
Traffic safety 
Environment 
Speed 

0.143 
0.143 
0.286 
0.143 
0.286 

0.125 
0.125 
0.250 
0.250 
0.250 

0.100 
0.100 
0.200 
0.200 
0.400 

0.182 
0.091 
0.182 
0.182 
0.364 

0.167 
0.167 
0.167 
0.167 
0.333 

0.143 
0.125 
0.217 
0.188 
0.327 

Total 1.0 1.0 1.0 1.0 1.0 1.0 
 
Step 3: Consistency check 
Principle Eigen Value (Lambda) 
Lambda = sum column totals times average 
Lambda = (0.143*7.0)+(0.125*8.0)+(0.217*5.0)+(0.188*5.5)+(0.327*3.0) = 5.101 
 
Consistency index (CI): 
CI = (5.101-5)/(5-1) = 0.0253 
 
Random Consistency Index (RI) from Saaty (1981) for 5 aspects: 1.12 
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Consistency ratio (CR) 
CR = CI/RI = 0.0253/1.12 = 0.0226 
 
If CR ≤ 0.15 then respondent is consistent regarding his/her answers (Karlström, et al., 2002) 
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APPENDIX III – ORDINAL REGRESSION DATA 
 
PLUM - Ordinal Regression 
Warnings 
There are 3 (3,8%) cells (i.e., dependent variable levels by observed combinations of predictor 
variable values) with zero frequencies. 
Case Processing Summary 

 N 
Marginal 
Percentage 

B 1 38 7,3% 
2 94 18,1% 
3 145 27,9% 
4 158 30,4% 
5 85 16,3% 

Valid 520 100,0% 
Missing 0  
Total 520  
Model Fitting Information 
Model -2 Log Likelihood Chi-Square df Sig. 
Intercept Only 343,492    
Final 275,742 67,750 9 ,000 
Link function: Logit. 
Goodness-of-Fit 

 Chi-Square df Sig. 
Pearson 82,289 51 ,004 
Deviance 88,550 51 ,001 
Link function: Logit. 
Pseudo R-Square 
Cox and Snell ,122 
Nagelkerke ,128 
McFadden ,043 
Link function: Logit. 
Parameter Estimates 

 Estimate Std. Error Wald df Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 

Threshold [B = 1] -2,855 ,181 249,909 1 ,000 -3,209 -2,501 
[B = 2] -1,322 ,115 133,166 1 ,000 -1,546 -1,097 
[B = 3] ,007 ,098 ,005 1 ,944 -,185 ,199 
[B = 4] 1,658 ,127 169,806 1 ,000 1,408 1,907 

Location visib1 -,778 ,140 30,979 1 ,000 -1,053 -,504 
visib2 ,035 ,137 ,064 1 ,800 -,233 ,303 
visib3 ,062 ,137 ,207 1 ,649 -,206 ,330 
light1 -,195 ,123 2,516 1 ,113 -,436 ,046 
light2 ,021 ,105 ,041 1 ,840 -,185 ,228 
Path1 ,466 ,126 13,732 1 ,000 ,220 ,713 
Path2 -,542 ,107 25,411 1 ,000 -,753 -,331 
Fluor ,030 ,079 ,149 1 ,700 -,124 ,185 
Group ,059 ,079 ,552 1 ,458 -,096 ,214 

Link function: Logit. 
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FREQUENCIES VARIABLES=B V S O N 
  /ORDER=ANALYSIS. 

 
PLUM - Ordinal Regression 
 
 
 
Warnings 
There are 3 (3,8%) cells (i.e., dependent variable levels by observed combinations of predictor 
variable values) with zero frequencies. 

 
 

Case Processing Summary 

 N 

Marginal 

Percentage 

V 1 60 11,5% 

2 133 25,6% 

3 169 32,5% 

4 123 23,7% 

5 35 6,7% 

Valid 520 100,0% 

Missing 0  
Total 520  

 

 
Model Fitting Information 

Model -2 Log Likelihood Chi-Square df Sig. 

Intercept Only 297,852    
Final 241,656 56,196 9 ,000 

Link function: Logit. 

 

 
Goodness-of-Fit 

 Chi-Square df Sig. 

Pearson 49,256 51 ,543 

Deviance 53,211 51 ,389 

Link function: Logit. 

 

 
Pseudo R-Square 
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Cox and Snell ,102 

Nagelkerke ,108 

McFadden ,036 

Link function: Logit. 

 

 
Parameter Estimates 

 Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower Bound 

Upper 

Bound 

Threshold [V = 1] -2,246 ,149 227,796 1 ,000 -2,537 -1,954 

[V = 2] -,619 ,102 37,122 1 ,000 -,818 -,420 

[V = 3] ,846 ,105 65,473 1 ,000 ,641 1,051 

[V = 4] 2,711 ,181 223,537 1 ,000 2,355 3,066 

Location visib1 -,889 ,142 39,241 1 ,000 -1,168 -,611 

visib2 ,007 ,137 ,002 1 ,961 -,262 ,275 

visib3 ,332 ,138 5,814 1 ,016 ,062 ,602 

light1 -,011 ,123 ,008 1 ,929 -,252 ,230 

light2 ,036 ,106 ,116 1 ,733 -,171 ,243 

Path1 ,186 ,124 2,248 1 ,134 -,057 ,430 

Path2 -,341 ,106 10,267 1 ,001 -,549 -,132 

Fluor -7,165E-5 ,079 ,000 1 ,999 -,155 ,155 

Group -,135 ,079 2,902 1 ,088 -,291 ,020 

Link function: Logit. 

 
 
PLUM S WITH visib1 visib2 visib3 light1 light2 Path1 Path2 Fluor 
Group 
  /CRITERIA=CIN(95) DELTA(0) LCONVERGE(0) MXITER(100) MXSTEP(5) 
PCONVERGE(1.0E-6) SINGULAR(1.0E-8) 
  /LINK=LOGIT 
  /PRINT=FIT PARAMETER SUMMARY. 
 

 
 
PLUM - Ordinal Regression 

Warnings 

There are 8 (10,0%) cells (i.e., dependent variable levels by observed combinations of 

predictor variable values) with zero frequencies. 
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Case Processing Summary 

 N 

Marginal 

Percentage 

S 1 61 11,7% 

2 111 21,3% 

3 203 39,0% 

4 124 23,8% 

5 21 4,0% 

Valid 520 100,0% 

Missing 0  
Total 520  

 

 
Model Fitting Information 

Model -2 Log Likelihood Chi-Square df Sig. 

Intercept Only 316,846    
Final 247,330 69,515 9 ,000 

Link function: Logit. 

 

 
Goodness-of-Fit 

 Chi-Square df Sig. 

Pearson 71,343 51 ,031 

Deviance 74,929 51 ,016 

Link function: Logit. 

 

 
Pseudo R-Square 

Cox and Snell ,125 

Nagelkerke ,133 

McFadden ,047 

Link function: Logit. 

 

 
Parameter Estimates 

 Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Threshold [S = 1] -2,258 ,149 229,034 1 ,000 -2,551 -1,966 
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[S = 2] -,812 ,105 59,443 1 ,000 -1,018 -,606 

[S = 3] 1,007 ,108 86,444 1 ,000 ,795 1,219 

[S = 4] 3,306 ,229 209,287 1 ,000 2,858 3,754 

Location visib1 -1,010 ,144 49,076 1 ,000 -1,293 -,728 

visib2 -,002 ,139 ,000 1 ,991 -,273 ,270 

visib3 ,262 ,139 3,541 1 ,060 -,011 ,535 

light1 -,163 ,124 1,714 1 ,190 -,407 ,081 

light2 ,066 ,107 ,379 1 ,538 -,144 ,275 

Path1 ,218 ,126 2,984 1 ,084 -,029 ,464 

Path2 -,325 ,108 9,121 1 ,003 -,535 -,114 

Fluor ,045 ,080 ,310 1 ,578 -,112 ,201 

Group -,109 ,080 1,853 1 ,173 -,266 ,048 

Link function: Logit. 

 
 
PLUM O WITH visib1 visib2 visib3 light1 light2 Path1 Path2 Fluor 
Group 
  /CRITERIA=CIN(95) DELTA(0) LCONVERGE(0) MXITER(100) MXSTEP(5) 
PCONVERGE(1.0E-6) SINGULAR(1.0E-8) 
  /LINK=LOGIT 
  /PRINT=FIT PARAMETER SUMMARY. 
 

 
 
PLUM - Ordinal Regression 

Warnings 

There are 4 (5,0%) cells (i.e., dependent variable levels by observed combinations of predictor 

variable values) with zero frequencies. 

 

 
Case Processing Summary 

 N 

Marginal 

Percentage 

O 1 56 10,8% 

2 141 27,1% 

3 159 30,6% 

4 122 23,5% 

5 42 8,1% 

Valid 520 100,0% 

Missing 0  
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Total 520  

 

 
Model Fitting Information 

Model -2 Log Likelihood Chi-Square df Sig. 

Intercept Only 322,066    
Final 256,516 65,550 9 ,000 

Link function: Logit. 

 

 
Goodness-of-Fit 

 Chi-Square df Sig. 

Pearson 63,804 51 ,108 

Deviance 71,250 51 ,032 

Link function: Logit. 

 

 
Pseudo R-Square 

Cox and Snell ,118 

Nagelkerke ,125 

McFadden ,042 

Link function: Logit. 

 

 
Parameter Estimates 

 Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Threshold [O = 1] -2,351 ,153 234,677 1 ,000 -2,651 -2,050 

[O = 2] -,589 ,102 33,631 1 ,000 -,788 -,390 

[O = 3] ,798 ,104 58,744 1 ,000 ,594 1,002 

[O = 4] 2,529 ,168 225,487 1 ,000 2,199 2,859 

Location visib1 -,942 ,143 43,494 1 ,000 -1,222 -,662 

visib2 -,093 ,137 ,457 1 ,499 -,361 ,176 

visib3 ,263 ,137 3,682 1 ,055 -,006 ,532 

light1 -,029 ,123 ,057 1 ,811 -,270 ,212 

light2 -,052 ,106 ,241 1 ,624 -,259 ,155 

Path1 ,013 ,124 ,010 1 ,918 -,230 ,255 

Path2 -,296 ,106 7,779 1 ,005 -,504 -,088 
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Fluor -,010 ,079 ,016 1 ,901 -,165 ,145 

Group -,032 ,079 ,163 1 ,686 -,187 ,123 

Link function: Logit. 

 
 
PLUM N WITH visib1 visib2 visib3 light1 light2 Path1 Path2 Fluor 
Group 
  /CRITERIA=CIN(95) DELTA(0) LCONVERGE(0) MXITER(100) MXSTEP(5) 
PCONVERGE(1.0E-6) SINGULAR(1.0E-8) 
  /LINK=LOGIT 
  /PRINT=FIT PARAMETER SUMMARY. 
 

 
 
PLUM - Ordinal Regression 

Warnings 

There are 5 (6,3%) cells (i.e., dependent variable levels by observed combinations of predictor 

variable values) with zero frequencies. 

 

 
Case Processing Summary 

 N 

Marginal 

Percentage 

N 1 52 10,0% 

2 83 16,0% 

3 255 49,0% 

4 94 18,1% 

5 36 6,9% 

Valid 520 100,0% 

Missing 0  
Total 520  

 

 
Model Fitting Information 

Model -2 Log Likelihood Chi-Square df Sig. 

Intercept Only 280,773    
Final 235,435 45,338 9 ,000 

Link function: Logit. 
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Goodness-of-Fit 
 Chi-Square df Sig. 

Pearson 53,376 51 ,383 

Deviance 58,377 51 ,223 

Link function: Logit. 

 

 
Pseudo R-Square 

Cox and Snell ,083 

Nagelkerke ,089 

McFadden ,032 

Link function: Logit. 

 

 
Parameter Estimates 

 Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Threshold [N = 1] -2,358 ,156 229,692 1 ,000 -2,663 -2,053 

[N = 2] -1,162 ,111 109,087 1 ,000 -1,380 -,944 

[N = 3] 1,126 ,111 103,017 1 ,000 ,909 1,344 

[N = 4] 2,685 ,180 221,945 1 ,000 2,332 3,038 

Location visib1 -,653 ,144 20,540 1 ,000 -,936 -,371 

visib2 ,036 ,142 ,063 1 ,802 -,242 ,314 

visib3 -,099 ,142 ,481 1 ,488 -,377 ,180 

light1 -,214 ,128 2,805 1 ,094 -,464 ,036 

light2 ,119 ,109 1,193 1 ,275 -,095 ,333 

Path1 ,220 ,128 2,943 1 ,086 -,031 ,471 

Path2 -,320 ,110 8,487 1 ,004 -,535 -,105 

Fluor -,038 ,082 ,218 1 ,640 -,198 ,122 

Group -,001 ,082 ,000 1 ,990 -,161 ,159 

Link function: Logit. 
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