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Summary 

The Netherlands are worldwide well known for their bicycle culture: cycling is a common and popular 

mode of transport for recreation, sport and commuting. With approximately 19 million bicycles in the 

Netherlands, the amount of bicycles is even higher than the amount of inhabitants. The popularity of 

cycling is mostly caused by governmental actions over time, in which cycling infrastructure has 

improved greatly. Moreover, cycling has several advantages to people, such as health and 

environmental benefits. Also, in comparison to other transportation modes a bicycle (new or second 

hand) is an affordable and easy to use transportation mode. This makes cycling accessible for all kind 

of people, and used by both young and old people. However, also several disadvantages are related to 

cycling, such as vulnerability in traffic, sense of safety and dependence of unpredictable weather.  

Recently, a new type of bicycle has been introduced to the market: the electric bicycle (e-bike). The e-

bike is a bicycle with an electric motor, which offers pedal support for the cycler. Its popularity has 

grown the last couple of years, with in 2014 a total count of 1.4 million e-bikes in the Netherlands (CBS, 

Factsheet Nederland Fietsland, 2015). A new product in the category of e-bikes, a Solar Bike, is 

developed by a consortium of the Eindhoven University of Technology, TU/e Innovation Lab, Segula, 

E-bike Nederland BV, Solar Application Lab (SAL) and Imre Verhoeven Design. A Solar Bike generates 

electricity through solar panels in the front wheel, and therefore generates 100% sustainable energy. 

E-bikes and Solar Bikes have the potential to replace distances (e.g. 7-14 kilometer) normally travelled 

by car, because e-bikes and Solar Bikes can travel these distances through its pedal support and battery 

range. 

For a successful product acceptance of a Solar Bike, research is needed to understand people’s 

preferences, and the role of the built environment and product characteristics. By obtaining this 

knowledge, developers or urban policy makers can identify which interventions are needed to 

stimulate the acceptance of Solar Bikes. Therefore, the objective of this research is to obtain 

knowledge and identify customer needs and desired added value. This is accomplished by identifying 

the most important factors that influence the product acceptance of Solar Bikes. Factors included in 

this research are selected through a literature study and summarized in a conceptual model. The 

factors included in this study are related to socio demographic characteristics, product specifications, 

mobility, urban environment and user’s perceptions. The conceptual model illustrates the connections 

and links between these factors, in which purchase intention and transportation mode choice are 

assumed to have most influence in the product acceptance of Solar Bikes. To test the assumptions 

made in the conceptual model a survey is developed. The survey is based on the stated choice method, 

which measures the preferences and choices of respondents. This method consists of choice situations 

where one or several profiles consist of attributes and attribute levels. By choosing a profile, the 

influence of the attributes and attribute levels can be determined. The survey consisted of four 

different parts; socio demographic characteristics, purchase intention, transportation mode choice and 

users’ perceptions. In the first part, socio demographic characteristics, data is obtained by asking 

respondents questions related to their personal characteristics. For the second and third part, 

purchase intention and transportation mode choice, data is collected through two choice experiments. 

The fourth part, user’s perceptions, consists of statements related to the subjects e-bike, Solar Bike, 

car, mobility, sustainability and innovation.  

The survey was distributed through several channels, which resulted in a total of 256 completed 

surveys. The socio demographic characteristics of the respondents indicated that the largest age group 

are people between 18 – 34 years (44%), in comparison to the age group 35 – 49 (27%) and age group 

50+ (29%). Additionally, most respondents have a higher education level (89%) in comparison with 

people with a secondary education level (9%). The total score of level of agreement towards certain 
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statements measures the perceptions of respondents. The results of these total scores showed that 

respondents are slightly more positive towards Solar Bikes and sustainability, in comparison to a 

neutral attitude towards e-bikes and innovation.   

To examine the results of the choice experiments, the preparation of data of these choice experiments 

is done by effect coding of the attributes and attribute levels. By coding the attributes and attribute 

levels, the influence and difference between attributes and attribute levels can be obtained. The 

results of the two choice experiments revealed the most important and significant factors, which 

influence the purchase intention and transportation mode choice of respondents. For the first choice 

experiment, purchase intention, results were obtained through an ordered logit model. This model 

showed that for the purchase intention of respondents, the environmental aspects trip distance of 14 

kilometer and a good quality of bike lanes have the most positive influence. Also, the socio 

demographic characteristics unemployed and retired, and a positive attitude towards innovation show 

to have a significant positive influence on the purchase intention. The second choice experiment 

represented the transportation mode choices of respondents, where the multinomial logit model was 

used to determine the influence of attributes and attribute levels. This model showed that in order to 

choose the Solar Bike as transportation mode less wind and dry, and daylight have a large positive 

influence. Based on the results of this choice experiment, respondents were classified in four different 

classes; car preference, bike and Solar Bike preference, bike and bus, tram or metro preference and e-

bike preference. The results of this classification showed that the socio demographic characteristics 

family (couple or single parent with children), one car available in household, no public transport card, 

age group 50+ and a daily distance travelled of 7-12 kilometer have much influence in being classified 

for transportation class bike and Solar Bike preference. 

Based on the results of the survey, several recommendations are given. The product acceptance of 

Solar Bikes can be increased by focusing on the most influential (positive and negative) factors found 

in this research. For instance, a good quality of bikes lanes was shown to have significant positive 

influence on the intention to purchase a Solar Bike as transportation mode. Free car parking however 

has a strong negative influence on choosing a Solar Bike as transportation mode. Municipalities could 

therefore stimulate Solar Bikes as transportation mode by improving bike lanes or enforce paid car 

parking, to contribute to a reduction of greenhouse emissions and resulting health benefits. 

Furthermore, the developers of the Solar Bike should focus on the characteristics of potential clients, 

such as the age group 50+ to form a marketing and sales strategy. The results show that characteristics 

related to occupation and gender influence the product acceptance greatly. By adapting and 

promoting the Solar Bike to these characteristics of people, the chance of product success can increase. 

However, further research is necessary to find what adjustments are needed for the Solar Bike which 

suits the potential customers and enhance the product acceptance. An evaluation of this research 

showed several recommendations for further research. The number of respondents of this research is 

sufficient to draw several significant conclusions, however a larger amount of respondents (e.g. 

nationwide) would verify the importance of several factors found in this study. Also, the diversity 

among socio demographic characteristics of respondents was well distributed, but the diversity in 

gross personal income and education level were low. In order to check the difference in influence of 

gross personal income and education level on the product acceptance of Solar Bikes, a more diverse 

group of respondents in personal gross income and education could be used. Furthermore, the Solar 

Bike is a new product and could therefore be difficult to imagine using or purchasing this type of 

bicycle. The natural resistance of respondents towards new products could also result in a negative 

attitude towards the product acceptance of a Solar Bike. To examine these effects and possible 

influence, a new study could focus on gathering data from a group of potential customers, who have 

used and tested a Solar Bike.   
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Samenvatting 

Wereldwijd staat Nederland bekend om zijn fietscultuur: de fiets is een gebruikelijk en populair 

vervoersmiddel is voor recreatie, sport en woon-werkritten. Het aantal fietsen in Nederland (19 

miljoen) is zelfs hoger dan het aantal inwoners. De populariteit van fietsen is voornamelijk veroorzaakt 

door een aantal overheidsmaatregelingen in de afgelopen 50 jaar, waarin voornamelijk de 

fietsinfrastructuur sterk is verbeterd. De fiets heeft een aantal voordelen, met name voor gezondheid 

en milieu. Daarnaast is de fiets (nieuw of tweedehands), in vergelijking met andere vervoersmiddelen, 

een betaalbaar en eenvoudig vervoersmiddel. Hierdoor is fietsen toegankelijk voor iedereen, en wordt 

beoefend door jong en oud. Er zijn echter ook enkele nadelen, zoals de kwetsbaarheid in het verkeer, 

gevoel van veiligheid en de afhankelijkheid van het onvoorspelbare weer in Nederland. 

Een paar jaar geleden is er een nieuw soort fiets geïntroduceerd, de elektrische fiets (e-bike). De e-

bike is een fiets met elektrische motor, die de fietser trapondersteuning biedt tijdens het fietsen. De 

populariteit van de e-bike is de laatste jaren flink toegenomen, met in 2014 maar liefst 1,4 miljoen e-

bikes in Nederland (CBS, 2015). Een nieuw type e-bike, de Solar Bike, is recentelijk ontwikkeld door 

een consortium van de Technische Universiteit Eindhoven, TU / e Innovation Lab, Segula, E-bike 

Nederland BV, Solar Application Lab (SAL) en Imre Verhoeven Design. Een Solar Bike genereert 

elektriciteit door middel van zonnepanelen in het voorwiel, en kan hierdoor 100% duurzame energie 

opwekken. E-bikes en Solar Bikes hebben de potentie om afstanden, van ongeveer 7 tot 14 kilometer, 

te vervangen die normaal worden afgelegd met een auto. Dit kan door de trapondersteuning en 

batterij capaciteit, waarbij de Solar Bike de batterij zelfs tijdens het fietsen kan opladen door de 

zonnepanelen in het voorwiel. 

Voor een succesvolle product acceptatie van de Solar Bike is onderzoek nodig naar de voorkeuren en 

behoeftes van mensen, de rol van de gebouwde omgeving en product kenmerken. Door inzicht te 

krijgen in deze aspecten kunnen de ontwikkelaars van de Solar Bike of gemeentes mogelijke 

aanpassingen doorvoeren om de acceptatie van de Solar Bike te stimuleren. De doelstelling van dit 

onderzoek is hierdoor het verkrijgen van kennis, om de behoeften van potentiele klanten en 

toegevoegde waarde te verkrijgen. Dit wordt bereikt door de belangrijkste factoren te bepalen die de 

acceptatie van Solar Bikes beïnvloeden. Een selectie van factoren is bepaald door middel van een 

literatuuronderzoek en weergegeven in een conceptueel model. De factoren die zijn meegenomen in 

dit onderzoek hebben betrekking op de sociaal demografische kenmerken, product specificaties, 

mobiliteit, ruimtelijke omgeving en persoonlijke percepties. Het conceptueel model geeft de 

connecties en verbanden tussen de factoren weer, waarin is aangenomen dat aankoopgedrag en 

transportkeuze de meeste invloed hebben op de productacceptatie van Solar Bikes.  

Om de aannames in het conceptueel model te onderzoeken is er een enquête ontwikkeld. De enquête 

is opgebouwd uit vier verschillende onderdelen; sociaal demografische kenmerken, aankoop gedrag, 

vervoersmiddel keuze en persoonlijke percepties. In het eerste deel, sociaal demografische 

kenmerken, wordt informatie verkregen door het vragen over de persoonlijke kenmerken van de 

respondent. Voor de tweede en derde deel, aankoop gedrag en vervoersmiddel keuze, worden de 

gegevens verzameld door middel van twee keuze experimenten. In het vierde deel, persoonlijke 

percepties, worden er verschillende uitspraken gepresenteerd met betrekking tot de onderwerpen e-

bike, Solar Bike, auto, mobiliteit, duurzaamheid en innovatie. 
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De enquête is verspreid via verschillende kanalen en resulteerde in een totaal van 256 afgeronde 

enquêtes. De sociaal demografische kenmerken van de respondenten gaven weer dat er een iets hoger 

aantal mensen tussen de 18 en 34 jaar (44%) hebben deelgenomen, in vergelijk met de leeftijdsgroep 

35 – 49 jaar (27%) en de leeftijdsgroep 50+ (29%). Tevens hebben de meeste respondenten een hoger 

opleidingsniveau (89%) en slechts enkelen een secundair opleidingsniveau (9%). De percepties van 

respondenten waren voornamelijk positief ten opzichte van Solar Bikes en duurzaamheid, en ze 

hadden een neutrale houding ten opzicht van e-bikes en innovatie. 

De resultaten van de twee keuze-experimenten zijn gebruikt om de belangrijkste factoren te bepalen, 

die een significante invloed hebben op het aankoopgedrag en vervoersmiddelkeuze van respondenten. 

Uit de resultaten van het keuze-experiment waar het aankoopgedrag is getest is gebleken dat de 

reisafstand van 14 kilometer en een goede kwaliteit fietspaden de grootste positieve invloed hebben. 

Ook de sociaal demografische kenmerken gepensioneerd, werkloos en een positieve houding ten 

opzichte van innovatie bleken een significante positieve invloed te hebben op het aankoopgedrag. 

In het tweede keuze-experiment zijn de keuzes met betrekking tot vervoersmiddelen getest, waarbij 

weinig wind, geen regen en daglicht veel positieve invloed hebben op het kiezen van een Solar Bike als 

vervoersmiddel. De resultaten van dit keuze-experiment zijn gebruikt om de respondenten op te delen 

in verschillende klassen, op basis van de voorkeur voor een vervoersmiddel. Deze klassen bestaan uit 

mensen met voorkeur voor; 1 auto, 2 fiets en Solar Bike, 3 fiets en bus, tram of metro en 4 e-bike. Deze 

vier klassen zijn gekoppeld met de sociaal demografische kenmerken en percepties van respondenten. 

Hieruit is gebleken dat respondenten met de eigenschappen familie (stel of alleenstaand ouder met 

kinderen), één auto beschikbaar in huishouden, niet in bezit van ov-kaart, leeftijdsgroep 50+ en een 

dagelijkse afstand naar werk or school van 7 – 12 kilometer meer voorkomen in de klasse fiets en Solar 

Bike ten opzichte van de andere transport klassen. 

Op basis van deze resultaten zijn er enkele aanbevelingen opgesteld. Om de productacceptatie van 

Solar Bikes te verhogen is het belangrijk aandacht te besteden aan de meest belangrijke factoren, die 

een positief én negatief effect hebben. Bijvoorbeeld, een goede kwaliteit van fietspaden heeft veel 

positieve invloed op het kiezen van een Solar Bike als vervoersmiddel. Gratis parkeren heeft 

daarentegen een negatieve invloed op het kiezen van een Solar Bike. Een gemeente kan ervoor kiezen 

een Solar Bike te stimuleren, gezien de gezondheid en milieu vriendelijke voordelen, en hierdoor 

investeren in het verbeteren van fietspaden en het invoeren van betaald parkeren. Tevens kunnen de 

ontwikkelaars van de Solar Bike een marketing en sales strategie vormen op de belangrijkste 

kenmerken van potentiele klanten, zoals de leeftijdsgroep 50+. Door de Solar Bike en de marketing en 

sales strategie aan te passen op de wensen van deze doelgroep kan de kans op een succesvolle product 

acceptatie vergroot worden. Echter is er aanvullend onderzoek nodig om te achterhalen welke 

aanpassingen en wensen van deze potentiele doelgroep nodig zijn voor de Solar Bike.  

Voor eventueel verder onderzoek zijn er enkele aanvullende aanbevelingen opgesteld. In dit 

onderzoek hebben er voldoende respondenten deelgenomen aan de enquête, echter is om de 

conclusies in dit onderzoek te verifiëren een grotere hoeveelheid (nationaal niveau) respondenten 

nodig. Tevens is er een goede verdelingen in de sociaal demografische kenmerken van respondenten, 

echter zijn mensen met een hoog inkomen en opleidingsniveau oververtegenwoordigd. De Solar Bike 

is een nieuw en voor vele onbekend product, waardoor het voor respondenten wellicht lastig is 

geweest voor te stellen dit als vervoersmiddel te gebruiken. De natuurlijke weerstand van mensen ten 

opzichte van nieuwe producten heeft wellicht ook invloed gehad op de product acceptatie van Solar 

Bikes. Om deze effecten en mogelijke invloeden te onderzoeken is er verder onderzoek nodig en kan 

een nieuw onderzoek zich richten op de ervaringen van mensen die de Solar Bike getest hebben.  
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Abstract 

In this report the product acceptance of Solar Bikes is studied, by determining the influence of factors 

related to the purchase intention and transportation mode choice. A Solar Bike is a new type of e-bike, 

which offers pedal support and charges its battery through solar panels in the front wheel. Solar Bikes 

as a new transportation mode could reduce car use, since a Solar Bike could replace distances normally 

travelled by car. The use of Solar Bikes could therefore result in health and environmental benefits. 

Based on a survey held in 2016, data of 256 respondents is collected. This survey conducted two choice 

experiments, which resulted in two ordinal logistic regression models and one multinomial logit model. 

The results of these models show that 11% of the respondents are likely to purchase a Solar Bike. The 

socio demographic characteristics unemployed or retired, age group 50+, higher educated and a daily 

travel distance of 7-12 kilometers have a positive influence on the intention to purchase a Solar Bike. 

For choosing the Solar Bike as transportation mode the factors less wind and dry, daylight, family 

(couple or single parent with children), one car available in household, no public transport card, age 

group 50+ and a daily distance travelled of 7-12 kilometer have a significant positive influence. For the 

product specifications a low weight and low price of a Solar Bike have significant effect on the purchase 

intention. The environmental aspects, such as good quality of bike lanes have a positive influence on 

choosing the Solar Bike as transportation mode. However, free car parking and good public transport 

have a strong negative influence on choosing the Solar Bike as transportation mode. 
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1 Introduction 

 

1.1 Background 

Introduction 
In the Netherlands bicycles are a common and popular mode of transport, as shown in Figure 1. The 

Netherlands have the remarkable amount of approximately 19 million bicycles, with 1.1 bicycle per 

inhabitant. Bicycles are used by all ages and they are the third choice of transport (CBS, Transport en 

Mobiliteit, 2015). Bikes are mostly used for recreation, shopping and for commuting to work or school. 

The difference in distance cycled between teenagers and the Dutch average is remarkable: 2000 

kilometer per year for teenagers, versus 1000 kilometer for an average Dutch person (CBS, 2015). 

Compared to other countries, this high amount of bicycle use is characteristic for the Netherlands.  

 

Figure 1: A common view of cycling in the Netherlands   

History of cycling in the Netherlands 
The popularity of bikes is caused by certain governmental actions, triggered by historical 

developments. The first development was the increase of car ownership in the 1970’s, which resulted 

in congested roads and many deaths by car accidents. The second development was the Middle East 

oil crisis of 1973, when Middle East countries stopped exports to the US and Western Europe. Both 

developments caused a decrease in car popularity and a need for a safer and reliable transport mode. 

Therefore, the government invested and improved Dutch cycling infrastructure (BBC, 2013). The 

cycling infrastructure has improved ever since and cycling keeps increasing in popularity. Nowadays 

the total length of all Dutch cycling paths is 35.000 kilometer, and a Dutch person cycles an average of 

2.9 kilometer per day (CBS, Factsheet Nederland Fietsland, 2015).  

(Dis)Advantages of cycling 
Not only is a bicycle a popular and reliable transport mode, it also has health and environmental 

benefits. It causes neither air pollution nor carbon emissions, and in that way it contributes to the 

global wish of clean air and reducing the carbon footprint. Therefore, the bicycle has a big advantage 

compared to motorized traffic, which causes a large part of carbon emissions and air pollution (Fraser 

& Lock, 2010). Besides the environmental benefits, bicycle usage can contribute to a healthy lifestyle. 

It can decrease heart diseases and mental health problems, such as anxiety and depression (Geus, De 

Bourdeaudhuij, Jannes, & Meeusen, 2007). 
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2 Literature review 

and conceptual 
model

3 Research method
4 Survey

development
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6 Data analyis and 
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7 Conclusion and 
recommendations
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However, the bicycle has some disadvantages as well. The biggest disadvantages are the vulnerability 

in traffic and sense of safety (e.g. an unsafe feeling when cycling through a tunnel at night (SWOV, 

2012). Also the vulnerability of cyclists in traffic leads to a higher chance in accidents and injuries. For 

instance, most traffic causalities are among cyclists. In 2012, 41% of the traffic accidents were cycling 

accidents (350.000 injuries). Although cyclists have a higher chance to get an injury, most deadly 

accidents involve passengers of cars (Fonds Slachtofferhulp, 2015). Other disadvantages of cycling are 

that a bicycle is easily stolen, it is a vulnerable object (flat tire, light defect), it has limited baggage 

capacity and cycling can be exhausting (hills or long distances). Cycling is also dependent of 

unpredictable weather, which can make a bicycle journey more unattractive and uncomfortable 

compared to other transport modes (Blauw Research, 2009). 

E-bike 
Next to the regular bicycles a new type of bicycle has been introduced: the electric bicycle (e-bike). 

This bicycle reduces some of the disadvantages of regular cycling. The electric bicycle, also known as 

the e-bike, is a bicycle with an electric motor which supports the cycler with cycling. The difference 

with other motorized bicycles, such as mopeds, is that electrical support can only be provided when 

cycling (Bovag, sd). In recent years its popularity has grown: in 2015 21% of sold bicycles was an e-bike, 

compared to 10% in 2008. In 2014 the total count of e-bikes was 1.4 million in the Netherlands (CBS, 

Factsheet Nederland Fietsland, 2015).  

The advantage of the e-bike is that it includes the many advantages of a regular bicycle, among others 

the health and environmental benefits, and has the additional advantages of the electrical support 

system, reducing perspiration and exhaustion at big distances (Hoeke, 2014). Therefore, e-bikes could 

be a good alternative for most commuters, since it makes it easier and more comfortable to cycle 

longer distances. The average Dutch commuter drives almost 16 kilometers by car per day and cycles 

almost 3 kilometers per day. With an e-bike cycling a distance of 16 kilometer, normally driven by car, 

becomes more attractive and accessible (Bovag, E-bike zorgt voor 18% meer fietskilometers sinds 

2010, 2015). 

1.2 Solar Bike 
The Solar Bike is a new product in the range of e-bikes, developed by a consortium of the Eindhoven 

University of Technology, TU/e Innovation Lab, Segula, E-bike Nederland BV, Solar Application Lab 

(SAL) and Imre Verhoeven Design. It is an innovative product which generates electricity through solar 

cells in the front wheel, even in cloudy weather conditions. It provides pedal support, such as an e-

bike, but does not need a charger and generates 100% sustainable energy. The biggest advantages of 

solar bike are its independency of charging and pedal support. It also contributes to a sustainable and 

innovative image of (e-)bikes. An important difference between a Solar Bike and an e-bike is the 

charging of the battery, which is done for the Solar Bike with clean and sustainable energy. In Figure 2 

a prototype of a Solar Bike is shown. 

 

Figure 2: The Solar Bike prototype of SAL. 
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The research concerning the product acceptance of a Solar Bike is selected by 4TU.Bouw as a 

Lighthouse Project. 4TU.Bouw is a center of excellence for the Built Environment, and a joint initiative 

of the four universities of technology, Eindhoven University of Technology, Delft University of 

Technology, University of Twente and Wageningen University and Research Centre (4TU.Federation, 

2016). The aim of this project is to bring different parties from knowledge institutes, industry and 

society together in order to understand people’s preferences, conditions for acceptance and 

experiences with the Solar Bike.  

1.3 Motivation 

Introduction 
The idea of Solar Bike may be promising, but a good idea does not make a successful product. To make 

this product succeed, research is essential to better understand people’s preferences, the role of built 

environment and product characteristics. These insights can assist the developers, but also urban 

policy makers, to identify which interventions are needed to stimulate the acceptance of Solar Bikes. 

The wide acceptance of Solar Bikes can be beneficial for society, because of the environmental and 

health improvements mentioned in the previous section.  

Problem description 
When developing new products as a start-up, such as the Solar Bikes from SAL, it is uncertain if the 

product will be accepted and succeed in the market. Most start-ups have a tendency to fail; around 

40% fail in the first year and 90% within 10 years (Castellion & Markham, 2012). In history, most of 

those failures were caused by the misperception of the value of the 

product. Many developers overemphasized technology rather than 

value for the customers, as is illustrated in Figure 3. Because developers 

have a high focus on the product’s features, they often forget to focus 

on solving the customer needs and the added value of the product. To 

increase the chance of succeeding, developers have to realize that 

solutions sell, not products (Nijssen, 2014). Additionaly, less knowledge 

is availble about new products, such as the Solar Bike, which makes it 

more difficult to understand the customers needs and added value of 

the product. This observation resulted in the following problem 

description;  

When developing new products, it is uncertain if the product will be accepted and succeed in the 

market. To increase the chance of product acceptance, research and knowledge of customer needs is 

necessary. This research is often undervalued or skipped, because of misperception of customer needs 

by developers. Because information, research or knowledge about new products is often unavailable 

customer needs and added value of product are more difficult to determine. This lack of research and 

misperceptions results in many new products failures. 

  

Figure 3: Misperception of 

customer needs 
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1.4 Research objective and project framework 

Objective 
The objective of this research is to support the successful acceptance of Solar Bikes, by obtaining 

knowledge and identifying the customer’s needs and desired added value. By obtaining knowledge on 

which factors influence people’s acceptance of Solar Bikes, it can be checked if the current product 

meets these needs and adds the desired value. First, factors will be identified by a literature study and 

summarized in a conceptual model. To test the assumptions on the relevance of factors, a survey will 

be conducted to identify the relevant and influential factors. When these factors are clear, 

interventions will be suggested to increase the added value of the product and connection to the 

customer’s need. 

Research question  
To succeed in the acceptance of Solar Bikes, it is important to understand the customer’s needs and 

added value of this product (Fernández-Heredia, Jara-Díaz, & Monzón, 2016). In order to find these 

needs and desired added value, research will be conducted to identify factors that influence the 

acceptance of Solar Bikes. When these factors are clear, certain interventions can be made to improve 

the success of the product. These interventions can be done by several parties. Firstly the developers 

could make interventions in the product (e.g. changing the design or weight). Also urban planners 

could change certain urban environment aspects (e.g. the quality of bicycle lanes and parking facilities). 

This can be summarized in the following research question: 

Which factors influence the product acceptance of Solar Bikes the most, and which interventions can 

be made to improve the chance of success of this product? 

Sub-questions 
The research question can be addressed in several ways. First, in order to prevent failure and increase 

the rate success of the product, a theoretical understanding of product acceptance is needed. In this 

way a strategy can be formed to increase the success of the product. Therefore, the first sub-question 

is as follows: 

Q1: What can be learned from the theories concerning product acceptance, and which strategy should 

be used? 

Second, many factors will be involved in the decision to use Solar Bikes, such as product specifications, 

mobility, urban environment, user’s perceptions and social-demographic characteristics. When the 

most relevant and influential factors are determined a conceptual model can be developed. Through 

a literature study, it will be determined which factors are most influential and relevant. Hence the 

second sub-question: 

Q2: Which factors, based on literature studies, influence the acceptance of Solar Bikes the most? 

To measure the influence of these factors, preferences and choices of people are analyzed. Therefore, 

a survey is developed, in which the stated choice method is used. Before the survey will be developed 

more information and knowledge of the stated choice method will be necessary. Therefore, the 

following sub-question is formulized: 

Q3: How can the survey be developed, using the stated choice method as a starting point? 
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When the stated choice method is better known, the survey can be developed. After the survey is 

developed and executed, the data will be analyzed. In order to answer the research question correctly, 

the influence and relevance of factors from the survey will be analyzed first. The outcome of this 

analysis will be compared with results of the influence of factors assumed by the conceptual model, to 

check if the assumptions made in the conceptual model correspond with the results of the survey. The 

following sub-question is therefore developed: 

Q4: What influence have certain factors on the acceptance of Solar Bikes, and does this correspond 

with the assumptions made in the conceptual model? 

If the influence and relevance of factors are clear, the difference between factor variables will be 

distinguished in order to find significant differences. For example, teenagers could be more influenced 

by design whether elderly could be more influenced by the vulnerability and safety. If the product 

developers tend to focus on the elderly segment, it will be useful to find the most influential factors 

for this particular segment. Therefore, the fifth sub-question is formularized as:  

Q5: Which characteristics of respondents have most influence on the product acceptance, based on the 

results of the factor variables? 

Of these results (the influence of factors and differences between factor variables) conclusions can be 

drawn for needed interventions to improve the acceptance of Solar Bikes. For instance, if the results 

show that the price of a solar bike has significantly more influence on acceptance than the battery 

capacity, the product developers could focus on low-cost batteries to reduce the price and increase 

the acceptance of the product. Also, when for example the conclusions show that the quality of bike 

lanes increases the choice for a solar bike substantially, municipalities could consider to increase the 

quality of the bike lanes. Because of this, the last sub-question is formulated as follows: 

Q6: Which recommendations can be made to improve the product acceptance of Solar Bikes? 

1.5 Research approach 
To gain insight in the customer’s needs and desired added value of Solar Bikes, knowledge has to be 

obtained on which factors influence people’s acceptance of Solar Bikes. This knowledge of factors will 

be obtained through five different phases in the research.  

The first phase will be a literature study on product acceptance for thorough understanding of the 

different aspects in product acceptance. As briefly explained in Chapter 1.2, many mistakes or 

misperceptions can result in failures of the product.  

Second, a literature study will be conducted to find the factors that influence the acceptance of Solar 

Bikes. By studying literature on factors influencing (e-)bikes, a conceptual model of factors will be 

formed to visualize the links between these factors.  

When the factors and their relevance are determined, the third phase is conducting a survey to test 

these relevant and important factors. The survey will be constructed by using the stated choice 

method, where the preferences and choices of persons can be measured. With this method 

hypothetical situations are formed by choice sets, which are based on the relevant factors chosen from 

the conceptual model. These choice sets are then presented to potential customers, who should 

evaluate the different choice sets and choose the most preferable set. By using this method insight will 

be gained in the (behavioral) effects of the factors and variables of the Solar Bikes. This method is 

highly applicable because it is not limited by a real existing situation and is most applicable for new 

situations or products.   
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The fourth phase will be the collecting, coding and analyzing the surveys. The data will be analyzed 

with the software programs SPSS and Nlogit. The choices will be analyzed using the Multinomial Logit 

model and Ordered Logit model, both widely applied models in discrete choice analysis. These models 

are used for predictions about the probability that a choice alternative will be chosen (Kemperman, 

2000). In order to distinguish different customer segments within the factors, the Latent Class Model 

will be used (Garret & Zeger, 2000). 

The fifth and final phase will be the conclusion of the factors influencing the acceptance of Solar Bikes. 

A prediction can be given which factors will or and which factors will not contribute to the acceptance 

of Solar Bikes. Based on the conclusion and predictions several interventions on the product, 

environment and/or workplace can be made. 

1.6 Research model 
The research model is the schematic view of the process of the research project, which is described in 

the previous sections. It is presented in Figure 4, the blue boxes represent the main phases, and the 

white boxes represent the steps needed to complete the phase.  

 

Figure 4: Research model of the research, divided in seven phases. 
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2 Literature review and conceptual model 

 

2.1 Introduction 
The objective of the literature review is to gain knowledge about product acceptance, which will be 

used for the development of the conceptual model. The literature review will focus both on product 

acceptance in general, and product acceptance related to Solar Bikes. Also, a literature study will be 

conducted about factors that influence bicycle use. Both literature studies will be used for the 

development of the conceptual model, which represents a schematic representation of factors that 

influence the product acceptance of Solar Bikes. The conceptual model is used as a foundation for the 

rest of the research. 

This chapter will answer the following sub-questions: 

Q1: What can be learned from the theories concerning product acceptance, and which strategy should 

be used? 

Q2: Which factors have, based on literature studies, most influence on the acceptance of Solar Bikes? 

This chapter is divided into several sections. In section 2.2, a literature study will be conducted about 

the aspects concerning acceptance of new products, which will be used to create an answer for sub-

question Q1. Additionally, a literature review will be presented about factors which influence bicycle 

use, described in section 2.3. This evaluation of factors will be used as input for the conceptual model 

described in section 2.4. Both section 2.2 and 2.3 will help in answering sub-question Q2. This chapter 

ends with a conclusion, described in section 2.5, about the literature review and conceptual model. 

2.2 Product acceptance 
As mentioned in the problem statement, increasing the product acceptance of new products is a 

difficult task. To increase the product acceptance, it is necessary to obtain knowledge and information 

about product acceptance in general. In this section the most important aspects of product acceptance 

will be discussed. A definition of product acceptance as used in literature is stated below: 

“The measurement of the degree to which the launch of a product or service has been successful in 

its target market.” (Doyle, 2011) 

Simplified: product acceptance is the success rate of the product in the market. To increase this success 

several theories and approaches exist. An approach by Narver, Slater & McLachlan (2004) is that if a 

business wants to increase its success it must be oriented on ‘‘finding needs and filling them’’ rather 

than ‘‘making products and selling them.’’ Therefore, a business must be market oriented instead of 

sales oriented (Narver, Slater, & MacLachlan, 2004). Although this may seem common knowledge, a 

lot of businesses only focus on fast sales generation instead of finding and filling customer needs 

(Bearden, Ingram, & LaForge, 2007). Nevertheless, sales generation can still be useful to provide insight 

in the success of a product (Nijssen, 2014). Altogether, focus for new products should be on finding 

and filling customer needs, by generating sufficient sales in the end.  
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To determine the customer needs, collaboration with customers should be an essential factor. For 

instance, Gruner & Homburg (2000) state that cooperation with customers is a strategy to gain access 

to critical information of customer needs (Gruner & Homburg, 2000). Also, engaging with potential 

customers can reduce the risk of non-acceptance of the product (Szmigin, 2003). However, 

collaboration with customers has some considerable risks, which may lead to failure of the product. 

These risks can be lack of know-how from customers, or too much dependence on customer’s view, 

customers’ demands or customer’s personality (Zhang, Yang, & Su, 2015). Thus, collaboration with 

customers can be beneficial, but customers’ potential shortcomings need to be taken into account. 

Finding and filling needs of customers can create a high customer value of the product. The difficulty 

is how exactly a business can create such customer value. The options to create such value are 

numerous, such as adding new product features, advertising and discounts. The question always arises 

if these changes are beneficial enough for the customer and worth the costs they have to invest. To 

elaborate more on this principle, customer value can be expressed by the following definition: 

Customer value = perceived benefits – perceived sacrifice 

To have a positive customer value, the perceived benefits have to be higher than the perceived 

sacrifice. Perceived benefits come from the product specifications, service or image of the company. 

The perceived sacrifice is the total cost of buying the product. This is not only money, but also includes 

time and energy. The greater the customer value, the greater the product success will be. Additionally, 

this value has to exceed that of competitors in order to have (competitive) success (Fahy & Jobber, 

2015). 

Even if the customer value is positive and exceeds the competitors, the product may not be accepted 

and succeed. This is because the customers’ evaluation of a new product is subjective. Customers 

generally overvalue their current product and take into account psychological costs associated with 

behavioral change, aspects many forget (Nijssen, 2014). On the other hand, businesses often overvalue 

their own product. This phenomenon can be explained by the 9x effect, illustrated in Figure 5. 

Therefore, any new product should be figuratively 9 times better than the alternatives (Gourville, 

2006).  

 

Figure 5: The 9x Effect (Gourville, 2006) 
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As may seem clear from the 9x effect, behavioral change has much influence on the product 

acceptance. The larger the behavioral change, the larger the resistance from consumers will likely be. 

Therefore, businesses need to create customer value through a product change, but have to minimize 

the behavioral change. This can be explained in the matrix of Gourville in Figure 6. The largest success 

will be made by focusing on a low degree of behavior change and a high degree of product change, 

also named a ‘smash hit’ (Gourville, 2006). 

 

Figure 6: Behavioral change versus product change (Gourville, 2006) 

Other aspects can contribute to product success, such as innovativeness of new products. Currently 

many businesses see innovativeness in new product development as the key to success. Consequently, 

they put their resources in too many areas, which results in creating product enhancements that do 

not add any customer value. Also, by an analysis of Szymanski, Kroff and Troy (2007) the average effect 

of new product performance by innovativeness is not as big as often implied. However, in some specific 

cases innovativeness can add to the product performance. These conditions include a clear plan of 

action and effective forms of innovativeness, where the main goal of innovativeness is to increase 

customer value (Szymanski, Kroff, & Troy, 2007). An important aspect to take into consideration is that 

innovativeness has influence on behavioral change. A high level of innovativeness reduces for instance 

customer familiarity; therefore, the innovativeness of the product has to be small enough to prevent 

the product to become too unfamiliar (Calantone, Chan, & Cui, 2006). This corresponds with the matrix 

of Gourville in Figure 6, where an innovation should contribute to a high degree of product change and 

low degree of behavior change. 

To conclude, for the product acceptance of Solar Bikes it is important to focus on several aspects. A 

Solar Bike should fill the needs of the potential customer. Therefore a market research is essential to 

find these customer needs. Its main goal should be adding a significant customer value, with high 

perceived benefits and low perceived sacrifice. Even if a Solar Bike has a high customer value, it should 

exceed the customer value of its competitors such as an e-bike. If the Solar Bike will have a significant 

customer value, the behavioral change should be aimed to be low. A high behavioral change results in 

a high resistance of customers. Hence, the behavioral change should be minimized as much as possible. 

This could be achieved by, for example, making it look and operate the same as an e-bike (and as close 

to an existing bike as possible).  
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To gain more information on the customer needs, collaboration with customers can be beneficial. 

Engaging with potential customers can reduce the risk of non-acceptance of the product, but the risk 

such as lack of know-how of customers should be kept in mind. Another aspect is the relationship 

between innovativeness and new products. Innovativeness is only beneficial if it is used for increasing 

the customer value, with a low degree of behavioral change. For the Solar Bike it is important to know 

if the innovation, the solar panels in the front wheel, increase the customer value significantly. 

2.3 Factors influencing acceptance of (Solar) Bikes 
To determine the factors that will influence the acceptance of Solar Bikes a literature study is 

conducted. Since the Solar Bike is a non-existing product in the current market, literature about the 

factors that influence the acceptance of Solar Bikes is not available. Therefore, in this report, literature 

is used of influential factors related to regular bikes and e-bikes. Since many factors may have an 

influence on the product acceptance of Solar Bikes, research has been conducted into which factors 

are most relevant.  

First, a general overview of cycling is provided. Cycling as a transportation mode can solve several 

current transportation issues. For instance, the increasing amount (+10%) of car traffic jams last year 

in the Netherlands (ANWB, 2016). By using and stimulating cycling the load on the current road 

infrastructure can be decreased and eventually the number of car traffic jams reduced (Olde Kalter, 

2007). Also, transport within the European Union has a harmful effect on climate change. In 2007, 

transport activities contributed to 26% of the greenhouse gas emissions of private households in the 

27 European Union states. Furthermore, experts expect a 20% increase of passenger transport demand 

in the EU between 2010 and 2030 (Wolf & Seebauer, 2014), leading to even more greenhouse gas 

emissions. By stimulating cycling as a transportation mode, instead of motorized transportation 

modes, the greenhouse gas emissions can be reduced by relatively cheap infrastructure requirements 

for cyclists (Heinen, 2011). Additionally, as briefly discussed in chapter 1, cycling has a positive effect 

on the health condition of people. Regular cyclists have a better physical condition, more resistance 

towards diseases and 50% less chance on a heart attack (Olde Kalter, 2007). On the other hand, cycling 

includes a greater physical effort, a difficulty of carrying load while cycling, a strong dependence of 

weather and a lower speed than motorized transport outside urban areas. Also, the physical effort and 

speed related to cycling limit the distance a cyclist can travel (Heinen, 2011).  

In order to select the most important and relevant factors a literature study has been conducted.  

Several journal articles have been addressed to make a selection of factors used for this research. A 

summary of the most important findings of these articles will be provided in the next paragraphs. 

These findings will be used select factors used in this research. In this report the most influential factors 

are divided in five different groups; socio demographic characteristics, product specifications, mobility, 

urban environment and perceptions of users. The following paragraphs describe the chosen factors. 

Socio demographic characteristics 
The socio demographic characteristics are characteristics of a person that may influence the choice 

behavior of a person, in this case the choice behavior related to the product acceptance of Solar Bikes. 

Travel behavior is strongly linked with a person’s characteristics and preferences, where for instance 

transportation mode studies have shown that gender, income and age have a strong relationship with 

transportation mode choice behavior (Heinen, 2011). When analyzing articles related to cycling as 

transportation mode, several conclusions can be drawn.  

First, most studies show that concerning the socio demographic characteristic gender, men cycle more 

than women (Räsänen & Summala, 1998; Banister & Gallant, 1999; Pucher, 1998; Howard McDonald 

& Burns, 2001; Dickinson, Kingham, Copsey, & Hougie, 2003; Krizek, Johnson, & Tilahun, 2004; Rietveld 
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& Daniel, 2004; Rodríguez & Joo, 2004; Moudon, et al., 2005; Stinson & Bhat, 2005; Ryley, 2006; Dill & 

Voros, 2007). However, in certain circumstances women tend to cycle more than men. Specifically, in 

the active working population women cycle more than men for all trips, compared to the non-working 

age groups where men cycle more (Witlox & Tindemans, 2004). Also, in countries with low cycling rates 

men tend to cycle more. Countries with a high cycling rate, like for example the Netherlands or 

Belgium, cycling is a common mode of transportation among women (Garrard, Rose, & Kai Lo, 2008). 

A difference can be observed between several countries; women are as likely to cycle as men in the 

countries Denmark (45% of the cyclists are women), Germany (49% of the cyclists are women) and the 

Netherlands (55% of the cyclists are women). In the UK and USA men cycle most, with 72% and 76% 

bike trips cycled by men respectively (Pucher & Buehler, 2008). 

When analyzing the socio demographic characteristic age, certain links are visible. Many studies 

conclude that cycling levels decline when age increases (Pucher, Komanoff, & Schimek, 1999; Moudon, 

et al., 2005; Zacharias, 2005; Dill & Voros, 2007). However, e-bikes can counteract this phenomenon. 

Older cyclists may decline using a bicycle due to physical capacity or health issues, but the pedal 

support of an e-bike could overcome these problems of older cyclist (Rose, 2012). Cycling and the 

influence of age differs between countries, where children and adolescents have the highest rate of 

cycling in almost all countries. However, in the Netherlands, Denmark and Germany cycling remains 

popular even amongst elderly. Especially the Netherlands have a high percentage of elderly cycling 

(Dutch elderly make 24% of all trips by bicycle), where elderly in Denmark and Germany only make 

12% of all trips by bicycle (Pucher & Buehler, 2008). Remarkable is the fact that teenagers (12-14 years) 

in the Netherland cycle an average of about 6.5 kilometer daily, where the average daily distance of a 

Dutch person is 2.9 kilometer (CBS, 2015). 

The relation between the socio demographic characteristics income and cycling is complex. For 

instance, a high personal income could enable a person to purchase a bicycle. But this is only the case 

in counties where it is uncommon to own a bicycle (Heinen, 2011). On the other hand, having a high 

income enables one to purchase other transportation modes, such as a car (Witlox & Tindemans, 

2004). Also people with a higher income tend to focus more on their health, and cycling contributes to 

a healthy lifestyle (Heinen, 2011). When comparing the relation between income and cycling between 

countries, rates of cycling are almost similar across different countries. In both Germany and the UK, 

cycling is only slightly lower for people with a high income. However, the Netherlands has the opposite 

effect, where cycling is slightly higher among people with high income (Pucher & Buehler, 2008). 

The socio demographic characteristic education level can have both a positive and a negative influence 

on cycling. Highly educated people are found to have a high physical activity level, and therefore are 

likely to cycle more (Geus, De Bourdeaudhuij, Jannes, & Meeusen, 2007). On the other hand, highly 

educated people are inclined to travel with heavy luggage, and therefore will choose for alternative 

transportation modes (Molin & Timmermans, 2010). Cycling and the socio demographic characteristics 

occupation are presumed to have a relation, where part-time workers cycle more to work than full-

time workers (Heinen, 2011). Moreover, the socio demographic characteristic household structure 

influences the probability of cycling, where students, part timers without children and those in-

between jobs are likely to cycle more. Also, families with younger children cycle less than families with 

older children (Ryley, 2006). 

A relation between cycling and the socio demographic characteristics number of cars in household and 

driving license is visible. Car ownership and car usage influence cycling negatively, while bicycle 

ownership has a positive influence (Fernández-Heredia, Jara-Díaz, & Monzón, 2016). Also car 

availability and having a free car from work have a negative influence on cycling as commuting method 

(Heinen, Maat, & van Wee, 2012). A possible influence on cycling of public transport season ticket 
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holder is visible, where a study of Molin & Timmermans (2010) shows bus season ticket holders choose 

more often a bike at station option while traveling. Therefore it is possible that the type of public 

transport subscription, such as season ticket holder or additional discounts, could lead to a positive or 

negative influence on cycling. 

The daily distance travelled by people influences cycling, where the chance of cycling decreases with 

every additional kilometer (Heinen, Maat, & van Wee, 2012). Also, a higher distance to be traveled, for 

example to work, influences cycling negatively (van Bekkum, Williams, & Graham Morris, 2011).  The 

physical condition and activity of people can influence cycling. The amount of physical inactivity of a 

person shows a negative influence with the chance of choosing a bicycle as transportation mode 

(Moudon, et al., 2005). Additionally, in a study of Geus et al. (2007) the Body Mass Index (BMI) of 

respondents which are non-cyclist is slightly higher than cyclists. This shows that BMI has a negative 

influence on cycling. 

Based on previous findings of the literature studies the following section presents the chosen socio 

demographic characteristics which may influence the product acceptance of Solar Bikes. These are 

divided in four different groups; physical, environmental, socio economic and transport socio 

demographic characteristics.   

The physical factors age, gender, body weight, body length and amount of exercise during the week 

are selected in order to analyze the data from the survey. These factors are used to test the physical 

characteristics of the respondents influence on the product acceptance of Solar Bikes. For instance, by 

knowing the age of respondents, the data can be analyzed per age group. A possible outcome could 

be that the age group 30 - 40 has more chance on chosen a Solar Bike as transportation mode, and 

therefore has a positive influence on the product acceptance of Solar Bikes. Additionally, the outcome 

of these characteristics can be seen as a representation of the sample of respondents. In that way the 

outcome of these characteristics can be compared with for instance the Dutch average, such as BMI 

or amount of exercise of the respondents. A low BMI and high amount of exercise (both compared to 

Dutch average) could for example result in a low or high chance of cycling, and therefore the product 

acceptance of a Solar Bike. 

The following environmental characteristics are relevant and selected for this research; nationality, 

country of residence, zip code of the respondents, education, main occupation and household structure. 

By knowing these characteristics, the diversity among a sample group can be studied. It may be 

relevant to know if the respondents are living for example mostly in Eindhoven or are nationwide 

spread. Also, it may for example occur that a high education level has a negative or positive influence 

on the respondent’s chance to purchase or use a Solar Bike.  

The socio economic factors that are selected for this research are personal gross income per month, 

education, main occupation and household structure. These factors aim to collect the wealth level of 

respondents, which may influence the product acceptance of Solar Bikes positively or negatively as 

discussed in previous sections. Presumably a high wealth level increases the respondent’s product 

acceptance of Solar Bike, since a Solar Bike will be a costly product (initially € 3.000 per Solar Bike). 

Since the survey will test a new kind of transportation mode, namely the Solar Bike, it is important to 

know the transportation mode characteristics. As discussed in the literature study in previous sections, 

several transportation mode characteristics have influence on the chance on cycling. Therefore the 

factors driving license, amount of cars in household, ownership of a regular bicycle, ownership of an e-

bike, type of public transport card, use of transport, and most preferable transport type are selected 

for this research. As described in Chapter 1, the Solar Bike can be used for distances normally travelled 

by car. In order to see if the daily distance travelled to work or school has a positive or negative 
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influence on the use or purchase of a Solar Bike, the factor daily distance travelled to work or school in 

selected for this study. By obtaining these characteristics of respondents a correlation of possible 

negative or positive influences and product acceptance can be made. An overview of selected factors 

of the socio demographic characteristics is stated in Table 1. 

Table 1: Socio demographic factors influencing the acceptance of Solar Bikes 

Factor group Selected factors 

Socio demographic characteristics Physical – Age, gender, body weight, body length, amount 
of exercise during the week,  
Environment - nationality, country, zip code,  
Socio economic - personal gross income per month, 
education, main occupation, household structure,  
Transport - driving license, number of cars in household, 
ownership regular bicycle, ownership e-bike, type of public 
transport card, use of transport, most preferable transport 
type, daily distance travelled to work or school  

Product specifications 
The product specifications factors are related directly to the Solar Bike. Not only technical 

specifications are taken into account, also the purchase options may be of relevance.  

For the technical specifications the factors type of bicycle, price and weight are selected. These factors 

are included to test if these have influence on the respondent’s product acceptance of Solar Bikes. The 

type of bicycle, an e-bike or Solar Bike, may have influence on using and purchasing that type of bicycle. 

The natural resistance or behavioral change of a product, as described in section 2.2, could cause a 

negative influence on the product acceptance of a Solar Bike (Nijssen, 2014). The e-bike is a well-known 

and familiar product, where people may prefer an e-bike over a novel and unfamiliar Solar Bike. 

Additionally, a high price level may have a negative influence on the use and purchase (and hence the 

product acceptance) of a Solar Bike. One of the biggest advantages of a regular bicycle is the low price 

for purchase and use, in comparison to public transport or a private car (Pucher & Buehler, 2008).  

However, e-bikes are still a popular transportation mode, even though they are more expensive than 

a regular bicycle.  To test the amount of influence this factor is included in this research. Also, the 

weight of the type of bicycle is selected since the weight of an e-bike of solar bike is always greater 

than a regular bike. According to a study of MacArthur et al (2014) weight is perceived as the main 

disadvantage of e-bikes among e-bike users. The weight of an e-bike depends merely on the type of 

battery, where a higher capacity of battery often weighs more. Since the Solar Bike can charge its 

battery during the day, the weight and capacity can be the same as an e-bike (but with larger range) 

or lighter with lower capacity. To test the influence of weight of an e-bike or Solar Bike, this factor is 

selected for this research. 

The purchase factors likelihood of purchasing Solar Bike, purpose of purchase of Solar Bike, and 

purchase option (lease or one-time) are studied in this research. The likelihood of purchasing a Solar 

Bike is chosen for this research to test the general attitude of people toward purchasing this type of 

bicycle. Moreover, the outcome of the purpose of purchasing a Solar Bike may be relevant for the 

designers of the Solar Bike. In that way the designers can customize the product for the most desired 

purpose.  Also, the purchase option will be tested. Since lease options offer several advantages in 

contrast to a one-time purchase, it could be that it is preferable for people to lease a Solar Bike. The 

selected product specifications factors are shown in Table 2. 
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Table 2: Product specification factors influencing the acceptance of Solar Bikes 

Factor group Possible factors 

Product specifications Technical - Type of bicycle, price, weight 
Purchase - likelihood purchasing Solar Bike, purpose 
purchase Solar Bike, purchase option (lease or one-time) 

Mobility 
The factor group mobility describes the factors related to the trip specifications, namely the trip 

distance and purpose of trip. An increase in trip distance has a negative influence on cycling in general 

(Heinen, 2011). However, although trip distance is important, it is found to be less important than 

other factors such as quality and connectivity of infrastructure (Piatkowski & Marshall, 2015). 

Moreover, longer distances lead to a higher chance in choosing motorized transportation modes 

instead of a bicycle (Molin & Timmermans, 2010). A difference in the influence of trip distance is 

noticeable between European and American cities. A significantly higher percentage of all trip 

distances in European cities are shorter than 2.5 kilometer, with 44% in the Netherlands, 37% in 

Denmark and 41% in Germany, compared to 27% in the USA. Cycling is more likely in European cities 

with shorter distances traveled than in American cities. Specifically, Americans cycle for only 2% of 

trips shorter than 2.5 kilometer compared to 37% in the Netherlands, 27% in Denmark, and 14% in 

Germany (Pucher & Buehler, Making cycling irrisistible: Lessons from the Netherlands, Denmark, and 

Germany, 2008). 

Also the purpose of a trip can influence the choice of purchasing or using a Solar Bike. For instance, if 

the purpose of a trip is commuting it is possible that choices related to transportation mode differ. 

Namely, costlier transportation modes, such as taxi and car, are more often chosen for work related 

purposes. Less costly and slower transportation modes, such as walking and cycling, are likely to be 

more preferable for recreational purposes (Molin & Timmermans, 2010). A significant difference in 

cycling and trip purpose is noticeable between Americans and Northern Europeans. Approximately 

75% of all bike trips in the USA are for recreation, compared to 27% in the Netherlands, 38% in 

Germany and only 10% in Denmark. Commuting account for only 11% of all bike trips in the USA, 

compared to 22% in the Netherlands, 20% in Germany and 25% in Denmark (Pucher & Buehler, 2008). 

The selected mobility factors for this research are stated in Table 3. 

Table 3: Mobility factors influencing the acceptance of Solar Bikes 

Factor group Possible factors 

Mobility Trip distance, purpose of trip 

Urban environment 
The selected factors related to urban environment are divided in two groups; transportation and 

circumstances. Within the transportation group the factors are related to the transportation 

conditions. As described in the literature study the infrastructure quality and availability of other 

transportation modes influence cycling. Especially, the type of bicycle infrastructure influences cycling 

a lot, where counties with high amount of cycling facilities have a high percentage of cycling and bicycle 

safety (Heinen, 2011). Therefore, several factors are included to test if these also influence cycling on 

a Solar Bike. Such as, the quality of bike lanes may have influence on whether a respondent would 

purchase and/or use a Solar Bike. The most important transportation types are chosen for the factors 

in this group, which resulted in the following factors: type and quality of bike lanes, public transport 

quality, bike parking, car parking, crowdedness public transport and car traffic jams. 
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Also within the urban environment certain circumstances are selected for this research. For using a 

certain transportation mode, the weather or type of day may have a certain influence. Especially for 

using a bicycle the weather and type of day are assumed to have much effect (CROW, 2013). 

Concerning the influence of weather, the chance of rain has the most negative influence on cycling. In 

particular, women, recreational cyclist and commuters find this an important aspect in choosing the 

bicycle as transportation mode (Heinen, 2011). Daylight influences especially the slow transportation 

modes, such as walking and cycling, which are less likely to be used when traveling in the evening 

compared to traveling by daylight. This also applies for choosing public transport as transportation 

mode in the evening (Molin & Timmermans, 2010). Moreover, darkness shows to have a negative 

influence on cycling as commuter especially for women who find daylight more important than men 

while cycling (Heinen, 2011). Although weather conditions and type of day have a strong influence on 

cycling, these are not the only explanation for a high amount of cycling. For instance, several European 

cities (Parma, Amsterdam, Basel and Cambridge) have very different geographic features such as 

weather, topography and size, but all have relatively high cycling percentage (Witlox & Tindemans, 

2004). An overview of the selected urban environment factors are presented in Table 4. 

Table 4: Urban environment factors influencing the acceptance of Solar Bikes 

Factor group Possible factors 

Urban environment Transportation - Type and quality of bike lanes, public 
transport quality, bike parking, car parking, crowdedness 
public transport, car traffic jams 
Circumstances - Weather, type of day 

Perceptions of users 
The perceptions of users are the opinions of users on certain topics. For this research certain subjects 

are chosen which can be relevant for the product acceptance of Solar Bikes. As may be evident, a 

positive attitude towards cycling increases the probability of cycling. Also, having an environmental 

friendly attitude increases the use of public transport and non-motorized transportation modes 

(Heinen, 2011). A study of van Bekkum, Williams, & Graham Morris (2011) revealed that especially the 

environmental factors, such as weather conditions and natural terrain, were perceived to be the 

biggest barriers to cycle. However, perceptions and attitute varied much between gender and 

occupation. As for the percieved benefits and barriers towards cycling, differences between cyclists 

and non-cyclists are also visible. Where for cyclists the ecological-economic awarensess is an important 

factor in choosing to cycle, non-cyclist find lack of time and interest the most important reasons not 

to cycle (Geus, De Bourdeaudhuij, Jannes, & Meeusen, 2007). Remarkable is the fact that the attitude 

and perceptions towards the benefits of cycling changes once a persons starts using a bicycle 

(Fernández-Heredia, Jara-Díaz, & Monzón, 2016). By knowing the perceptions of people related to 

certain topics, a link to the product acceptance of Solar Bikes can be found. For example, if someone 

has very positive perceptions about e-bike it could also have positive effects on the acceptance of Solar 

Bikes. The factors that will be tested are perceptions on e-bikes, Solar Bikes, cars, mobility, 

sustainability and innovation (see Table 5). 

Table 5: User’s perceptions factors influencing the acceptance of Solar Bikes 

Factor group Possible factors 

User’s perceptions Opinion related to: e-bike, solar bike, car, mobility, 
sustainability and innovation 
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2.4 Conceptual model 
A conceptual model shows the connections between the most important factors of the research, by 

visualizing how the different factors are linked (Baarda & de Goede, 2006). The conceptual model of 

this research shows the links between the most important factors related to the product acceptance 

of Solar Bikes. This conceptual model will be used to provide insight in answering the research 

question. For the development of the conceptual model certain aspects are taken into consideration. 

The conceptual model is an assumption based on the literature study conducted in the previous 

sections, and in the next chapters the assumptions made in the conceptual model will be validated. In 

the conceptual model the product acceptance of Solar Bikes is made clear through an increasing level 

of detail, from broad concepts to specific factors. Many factors influence the product acceptance of 

Solar Bikes, however the conceptual model only shows the most important factors to keep a clear 

overview.  

 

In Figure 7 the conceptual model of this research is shown. This conceptual model is based on the 

relevant factors selected from the literature review. The top of the model shows two aspects, purchase 

intention and transportation mode choice, which influence the acceptance of Solar Bikes. These two 

aspects are separated, since the purchase intention measures a one-time event and the transportation 

use measures behavior over time. As shown in the bottom of the model, factor groups influence the 

purchase intention and transportation use, as described in previous sections. A difference can be seen 

between the product specifications group, which has direct influence on the purchase intention and a 

small influence on the transportation mode choice, and other groups. For the other factor groups the 

influence is direct, both on the purchase intention and on the transportation mode choice. The socio 

demographic characteristics and the user’s perceptions are indicated in orange since the variables are 

dependent of the respondent. The variables in the blue boxes are independent of the respondent (i.e. 

product specifications, urban environment and mobility). The respondent has no influence on the 

variables in the blue boxes.  
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Figure 7: Conceptual model of factors  

2.5 Conclusion 
The research sub-questions answered in this chapter are: 

Q1: What can be learned from the theories concerning product acceptance, and which strategy should 

be used? 

Q2: Which factors have, based on literature studies, most influence on the acceptance of Solar Bikes? 

The literature review and conceptual model offer an understanding of the product acceptance of Solar 

Bikes, and provide an answer to sub-questions Q1 and Q2. For sub-question Q1 the literature study on 

product acceptance provided a strategy to increase the product acceptance of Solar Bikes. This strategy 

includes, among others, a market research to establish the customer needs. To find these customer 

needs collaboration with potential customers could be beneficial, but certain shortcomings of 

customers should be kept in mind. Also a high customer value should be ensured, where the customer 

value of the Solar Bike needs to exceed its competition. Additionally, the behavioral change needed by 

a customer should be low, since a high need for behavioral change leads to high resistance of 

customers. For instance, innovativeness can contribute to the customer value but its behavioral 

change needed by a customer should be minimized.  
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In order to answer sub-question Q2, a literature study was conducted to find the most important 

factors influencing cycling. By this literature study not only the most important factors are selected; it 

also provided insight of the influence of psychosocial and environmental factors on cycling. By re-

evaluating all relevant factors, a selection of factors is chosen and categorized in five different groups: 

socio demographic characteristics, product specifications, mobility, urban environment and user’s 

perceptions. To show the connections and links between these factors a conceptual model is 

developed. The conceptual model of this research shows the overview of the most important aspects 

influencing the product acceptance of Solar Bikes. In the conceptual model the purchase intention and 

the transportation use will have most influence and contribute the most in the product acceptance of 

Solar Bikes. The five factors groups, determined in the literature study, will subsequently have 

influence on the purchase intention and transportation use. The conceptual model will be a foundation 

for further assumptions and decisions in this report. Eventually, the assumptions made in the 

conceptual model will be checked with the results of the survey. 
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3 Research method 

 

3.1 Introduction 
In this research the stated choice method is used for the development of a survey (Rose & Bliemer, 

2009). This chapter provides an overview of the stated choice method, by providing an answer to the 

second part of the following sub-question: 

Q3: How can the survey be developed, using the stated choice method as a starting point? 

This chapter will provide insight in the stated choice method, and how it is used in the survey of this 

research. In the next chapter the development and final form of the survey is described. 

3.2 Stated Choice Method 
As outlined in section 1.5 the Stated Choice method is preferred when preferences and choices of 

people needs to be measured. Through a stated choice method, the influence of the attributes on the 

choices made by the respondents can be measured (Rose & Bliemer, 2009). The stated choice method 

is preferable for this research, which will be elaborated in the following paragraphs. 

For measuring preferences of people two methods can be distinguished, revealed preference and 

stated preference. The significant difference between these two categories is what kind of data is used. 

Revealed is based on observations of customer behavior in real market situations. Therefore, revealed 

can only be used in research in real existing situations. Stated preference is used to test hypothetical 

or fictional situations; it is therefore often used to predict choice behavior for future situations 

(Kemperman, 2000). For determining the product acceptance of Solar Bikes, stated preference is most 

preferable. In that way a hypothetical situation, such as purchasing a Solar Bike or using a Solar Bike, 

can be tested. Within stated preference two types of evaluating can be distinguished, rating or choice. 

Rating represents evaluating an option by rating, for example from a scale from 1 to 10. With choice 

you only have the option to choose that particular option or not (Hoeke, 2014). For this research choice 

is used to analyze the decisions made by respondents.    

Within a stated choice experiment one or several hypothetical profiles are represented as choice 

situations. These profiles consist of several attributes and corresponding attribute levels. The 

attributes used in this research are based on the factor groups; product specification, urban 

environment and mobility. For example, factor ‘price’ of factor group ‘product specifications’ is 

converted to attribute ‘price’ with its attribute levels € 2.000, € 2.500 and € 3.000. The sequence of 

these research terms in shown in Table 6. To determine the influence and importance of these 

attributes, the utility value can be calculated from the data of the survey. In chapter 4 this principle 

and other data-analysis tools will be further clarified.  

1 Introduction
2 Literature review 

and conceptual 
model

3 Research method
4 Survey

development

5 Data collection 
and preperation

6 Data analyis and 
results

7 Conclusion and 
recommendations
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Table 6: Overview of research terms of stated choice method 

Research terms Example 

Choice situation 1 profile, choose how likely you are to purchase 
this option 

Profiles Profile consisting of: trip distance, type and 
quality of bike lanes, public transport quality, 
bike parking, car parking, type of bicycle, price, 
weight 

Attribute Price 

Attribute levels € 2.000, € 2.500 and € 3.000 

 

To determine which choice situations are chosen in the survey an experimental design is developed. 

Several design options for the experimental design are possible. The most common design option is to 

choose all possible choice situations for the survey, also known as a full factorial design. However, for 

this research a full factorial design option is not applicable. In a full factorial design all attributes and 

attributes levels, seven attributes with three levels and one attribute with two levels, make many 

combinations of choice situations. To be precise, all possible choice situations would be 

3x3x3x3x3x3x3x2 = 4374 choice situations. Therefore, the full factorial design with this high amount 

of choice situations is not an option for the survey of this research.   

To minimize the amount of choice situations, the fractional factorial design is chosen. This design 

selects choice sets out of the total possible choice situations. If choice situations are chosen completely 

random, this could result in unbalanced representation of certain attribute levels. To prevent this 

inequality and distribute all attribute levels as fair as possible, the choice situations are balanced. Also 

the choice situations are selected orthogonal, orthogonality ensures that no correlation is possible 

between attribute (Rose & Bliemer, Designing Stated Choice Experiments: State-of-the-Art, 2007). By 

selecting the choice situations orthogonal, the attribute levels are equally distributed. Hence, the 

experimental design of the survey is chosen based on a fractional factorial design in which choice 

situations are selected orthogonal.  

Experimental design purchase intention 
Within the survey, two choice experiments are included concerning the purchase intention and 

transportation mode choice based on the conceptual model discussed in the previous chapter. The 

choice experiment related to the intention of purchasing a Solar Bike consists of nine choice situations, 

which are presented to the respondent in the survey. A choice situation is composed of different 

factors, or so called attributes, based on the findings of previous literature studies. The choice 

situations include the factor groups; product specifications, mobility and urban environment. These 

choice situations are construted using the stated choice method, as explained in previous section. To 

convert these factors into choice situations for a choice experiment, these factors are translated to 

attributes with attribute levels. An overview of the attributes and attribute levels is shown in Table 7.  
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Table 7: Factor group, attributes, attribute levels and explanation of choice experiment purchase intention 

Factor group Attributes  Levels Explanation 

Mobility Trip 
distance 

[1]  6 kilometer, [2]  
14 kilometer, [3] 22 
kilometer 

This is the presented travel distance of a one 
way trip, with the levels 6, 16 and 22 
kilometer. 

Urban 
Environment 
circumstances 

Type and 
quality 
bike lanes 

[1] Bad, [2] 
Moderate, [3] Good  

The overall type and quality of bike lanes in 
the presented situation. Whereas good means 
a separate bike path unconnected to the road, 
moderate a bike lane along and connected to 
the road, and bad a road with no bike lane 
and cycling only possible on the road. 

 Public 
transport 
quality 

[1] Bad, [2] 
Moderate [3] Good 

The quality of the public transport, expressed 
in frequency and amount of changes. Whereas 
bad means a low frequency and high amount 
of changes, for example a bus frequency of 1 
bus per hour and with 3 changes (bus -> 
metro-> bus -> walk). Moderate is equal to a 
moderate frequency and changes, such as a 
bus frequency of 1 bus per half hour and 2 
changes (metro -> walk -> bus). Good 
indicated a high frequency and low changes, 
such as a bus frequency of 1 bus per 15 min 
and 1 change (bus -> walk). 

 Bike 
parking 

 [1] Free parking on 
own risk, [2] Secured 
parking for free, [3] 
Secured parking with 
additional fee (€1 
per day) 

The security level and price of the presented 
bike parking. Whereas the first level indicates 
free parking on own risk, second level secured 
parking for free, and the third level secured 
parking with additional fee (€1 per day). 

 Car 
parking 

[1] Free parking, [2] 
Parking for € 3,75 , 
[3] Parking for € 7,50 

The price of the presented car parking. 
Whereas the first level indicates free parking, 
second level parking for € 3,75, and the third 
level parking for € 7,50. 

Product 
specifications 

Type of 
bicycle 

[1] Solar bike, [2] E-
bike  

The presented type of bicycles, a Solar Bike or 
e-bike. Whereas the Solar bike has an 
‘unlimited’ battery range because of the solar 
panels located in the front wheel. The E-bike 
in this survey is regular type of e-bike, 
whereas the battery range is 100 kilometer 
and the motor 25 Nm. 

 Price [1] € 2.000, [2] € 
2.500 [3] € 3.000 

The price for the presented type of bicycle, 
with the levels € 2.000, €2.500 and € 3.000  

 Weight [1] 20-24 kg, [2] 25-
29 kg, [3] 30-35 kg 

The weight of the presented type of bicycle, 
with the levels 20-24 kg, 25-29 kg and 30-35 
kg. 

 

The design of the choice experiment on purchase intention is chosen out of a collection of already 

assembled designs. The selected design, out of these already assembled designs, is shown in Appendix 

1 and 2. By applying this design with the attributes and attribute levels of this research a final design 

in constructed, shown in Figure 8. This design contains of 27 choice sets, in which the choice situations 

vary in attribute levels. Although this is a substantial decline of number of choice sets, it is not a 
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preferable amount to present respondents. To minimize the choice sets even more, this amount is 

divided by three. Therefore, a higher number of respondents is needed, in order to have all choice 

situations properly evaluated. Thus, respondents are presented nine different choice sets per stated 

choice part. This design, a fractional factorial design with choice situations selected orthogonally, is 

used for the survey of this research. 

 

Figure 8: Design choice situations purchase intention 

Experimental design transportation mode choice 
Similar to the choice experiment related to the purchase intention, this choice experiment consists of 

nine choice situations related to the transportation mode choice. These choice situations are 

developed based on the factors of the factor groups mobility and urban environment, based on 

findings of the literature studies of previous chapter. The factor groups with their selected attributes 

for this survey are shown in Table 8.  

Table 8: Factor group, attributes, attribute levels and explanation of choice experiment transportation mode choice 

Factor group Attributes Levels Explanation 

Mobility Trip distance [1] 6 kilometer, [2] 
14 kilometer, [3] 22 
kilometer 

This is the presented travel distance of a one 
way trip, with the levels 6, 16 and 22 
kilometer. 

 Purpose of 
trip 

[1] Commuting, [2] 
Recreation 

The purpose of the trip, with the levels 
commuting and recreation 

Urban 
Environment 

Weather [1] Windy & rainy [2] 
Little wind & rain [3] 
Little wind & dry  

The weather conditions in the presented 
situation, with the levels windy & rainy, little 
wind & rain and little wind & dry. 

 Type of day  [1] Daylight, [2] Dark The type of day in the presented situation, 
with the levels daylight and dark. 

Travel distance 

(one-way)

Type and quality 

bike lanes

Public transport 

quality  Bike parking (price and security)

Car parking (price 

and security) Type of bicycle Price Weight

1 6 km Bad Bad Free parking on own risk Free parking Solar bike € 2000,- 20-24 kg

2 6 km Bad Moderate Secured parking for free Parking for € 3,75 Solar bike € 2500,- 30-35 kg

3 6 km Bad Good Secured parking with additional fee (€1, per day) Parking for € 7,50 E-bike € 3000,- 25-29 kg

4 6 km Moderate Bad Free parking on own risk Parking for € 3,75 E-bike € 3000,- 30-35 kg

5 6 km Moderate Moderate Secured parking for free Parking for € 7,50 Solar bike € 2000,- 25-29 kg

6 6 km Moderate Good Secured parking with additional fee (€1, per day) Free parking Solar bike € 2500,- 20-24 kg

7 6 km Good Bad Free parking on own risk Parking for € 7,50 Solar bike € 2500,- 25-29 kg

8 6 km Good Moderate Secured parking for free Free parking E-bike € 3000,- 20-24 kg

9 6 km Good Good Secured parking with additional fee (€1, per day) Parking for € 3,75 Solar bike € 2000,- 30-35 kg

10 14 km Bad Bad Secured parking for free Parking for € 3,75 E-bike € 2500,- 25-29 kg

11 14 km Bad Moderate Secured parking with additional fee (€1, per day) Parking for € 7,50 Solar bike € 3000,- 20-24 kg

12 14 km Bad Good Free parking on own risk Free parking Solar bike € 2000,- 30-35 kg

13 14 km Moderate Bad Secured parking for free Parking for € 7,50 Solar bike € 2000,- 20-24 kg

14 14 km Moderate Moderate Secured parking with additional fee (€1, per day) Free parking E-bike € 2500,- 30-35 kg

15 14 km Moderate Good Free parking on own risk Parking for € 3,75 Solar bike € 3000,- 25-29 kg

16 14 km Good Bad Secured parking for free Free parking Solar bike € 3000,- 30-35 kg

17 14 km Good Moderate Secured parking with additional fee (€1, per day) Parking for € 3,75 Solar bike € 2000,- 25-29 kg

18 14 km Good Good Free parking on own risk Parking for € 7,50 E-bike € 2500,- 20-24 kg

19 22 km Bad Bad Secured parking with additional fee (€1, per day) Parking for € 7,50 Solar bike € 3000,- 30-35 kg

20 22 km Bad Moderate Free parking on own risk Free parking E-bike € 2000,- 25-29 kg

21 22 km Bad Good Secured parking for free Parking for € 3,75 Solar bike € 2500,- 20-24 kg

22 22 km Moderate Bad Secured parking with additional fee (€1, per day) Free parking Solar bike € 2500,- 25-29 kg

23 22 km Moderate Moderate Free parking on own risk Parking for € 3,75 Solar bike € 3000,- 20-24 kg

24 22 km Moderate Good Secured parking for free Parking for € 7,50 E-bike € 2000,- 30-35 kg

25 22 km Good Bad Secured parking with additional fee (€1, per day) Parking for € 3,75 E-bike € 2000,- 20-24 kg

26 22 km Good Moderate Free parking on own risk Parking for € 7,50 Solar bike € 2500,- 30-35 kg

27 22 km Good Good Secured parking for free Free parking Solar bike € 3000,- 25-29 kg
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 Type and 
quality bike 
lanes 

[1] Bad, [2] 
Moderate, [3] Good  

The overall type and quality of bike lanes in 
the presented situation. Whereas good means 
a separate bike path unconnected to the road, 
moderate a bike lane along and connected to 
the road, and bad a road with no bike lane 
and cycling only possible on the road. 
 

 Public 
transport 
quality 

[1] Bad, [2] 
Moderate [3] Good 

The quality of the public transport, expressed 
in frequency and amount of changes. Whereas 
bad means a low frequency and high amount 
of changes, for example a bus frequency of 1 
bus per hour and with 3 changes (bus -> 
metro-> bus -> walk). Moderate is equal to a 
moderate frequency and changes, such as a 
bus frequency of 1 bus per half hour and 2 
changes (metro -> walk -> bus). Good 
indicated a high frequency and low changes, 
such as a bus frequency of 1 bus per 15 min 
and 1 change (bus -> walk). 

 Crowdedness 
public 
transport 

[1] Crowded, [2] 
Semi-crowded, [3] 
Calm  
 

The crowdedness of the public transport 
facilities, determined by amount of seating 
place available. Whereas crowded means a 
small chance of seating place available, semi-
crowded some seating place available and 
calm plenty of seating place available. 

 Bike parking  [1] Free parking on 
own risk, [2] Secured 
parking for free, [3] 
Secured parking with 
additional fee (€1 
per day) 

The security level and price of the presented 
bike parking. Whereas the first level indicates 
free parking on own risk, second level secured 
parking for free, and the third level secured 
parking with additional fee (€1 per day). 

 Car parking [1] Free parking, [2] 
Parking for € 3,75, 
[3] Parking for € 7,50 

The price of the presented car parking. 
Whereas the first level indicates free parking, 
second level parking for € 3,75, and the third 
level parking for € 7,50. 

 

The design of the transportation mode choice is chosen, similar to the choice experiment related to 

the purchase intention, out of a collection of already assembled designs. The chosen design format is 

presented in Appendix 1 and 2, the design with the attributes and attribute levels of is shown in Figure 

9. This design contains of 27 choice sets, in which the choice situations vary in attribute levels. For this 

choice experiment the number of choice situations presented to the respondents is also reduced to 9 

choice situations per respondent. Thus, respondents are presented nine different choice sets per 

stated choice part, with 18 choice situations in total in the whole survey with the choice experiments 

purchase intention and transportation mode choice. 
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Figure 9: Design choice situations transportation mode choice 
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3.3 Conclusion 
To measure the preferences and choices of people the Stated Choice method is used for the survey of 

this research. The stated choice method consists of choice situations in which one or several profiles 

are presented. Within these profiles attributes and their attribute levels are displayed. Respondents 

need to determine which profile to choose, or the likelihood of choosing that profile. By using the 

Stated Choice method, the influence and importance of attributes and attribute levels (the utility 

value) is calculated from the data of the survey. The choice situations presented to the respondent are 

selected to be orthogonal by a fractional factorial design. With a fractional factorial design the choice 

situations are selected out of the total possible choice situations. Additionally, by choosing the choice 

situations orthogonally no correlations are possible between attribute levels. The stated choice 

method will be used as a starting point, or basic principle, to develop and implement the survey. 
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4 Survey development 

 

4.1 Introduction 
The aim of a survey is to gather relevant data. For this research a survey is essential where no proper 

data is available related to a solar bike. Surveys are mostly used to collect data from a relatively large 

number of people. In some cases, the respondents can be seen as a sample drawn from a wider 

population, which can represent several population groups. Although many options are available for 

collecting data, surveys are preferable because it is easier to get responses from a large number of 

people, and gathered data can be more generalizable (Rowley, 2014). Therefore, to gain relevant data 

of a large sample of potential customers, a survey is most preferable. 

In this chapter the following sub-question Q3 will be answered: 

Q3: How can the survey be developed, using the stated choice method as a starting point? 

This chapter will focus on the first part of the sub-question, whereas the second part is answered in 

the previous chapter. For this chapter the development of the survey will be elaborated, starting from 

the conceptual model to the final version of the survey. Section 4.2 elaborates the beginning of the 

development of the survey by using the conceptual model as a guideline. Section 4.3 illustrates the 

final version of the survey and shows the implementation of the conceptual model and stated choice 

model within the survey. The chapter will close with a conclusion provided in section 4.4. 

4.2 Survey framework 
The framework of the survey is developed by using the conceptual model as a guideline. Eventually 

the influence of the factors in the conceptual model will be determined by the results of the survey. 

To test all the different factors of the conceptual model, the survey is divided in four different parts as 

shown in Figure 10. In the first part the socio demographic characteristics are asked, such as age, length 

and nationality. The second part consists of the purchase intention of the respondent, in which several 

choice situations are presented. The development of these choice situations is elaborated in chapter 

3. The third part covers the transportation use of respondents, which also offers several choice 

situations. The fourth and final part evaluates the perceptions of respondents, through providing 

statements about certain subjects. For example, the opinion of a respondent towards sustainability 

statements. The survey, based on these four parts, will be elaborated in section 4.3. 
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Figure 10: Four different parts in survey related to the conceptual model 

 

4.3 Survey development  
As illustrated in section 4.2 the survey will consist of four different parts, based on the conceptual 

model of this research. The development and final form of these four parts will be described in this 

section. 

Part 1: Socio demographic characteristics  

The first part will consist of the socio demographic 

characteristics, based on the corresponding factor group 

illustrated in Table 9. In this part information will be 

obtained of the respondent in order to check if its influences 

on the decisions made, related to the product acceptance 

of Solar Bikes. For instance, knowledge can be obtained if 

the personal gross income has influence on the decision to 

purchase an e-bike or Solar Bike. The selected attributes and 

attribute levels of these factors are shown in Appendix 3. 

 

Table 9: Factors which influence the acceptance of Solar Bikes 

Factor group Factors presented in part 1 of survey  

Socio demographic characteristics Physical - Age, gender, body weight, body length, amount of 
exercise during the week,  
Environment - nationality, country, zip code,  
Socio economic - personal gross income per month, education, 
main occupation, household structure,  
Transport - driving license, number of cars in household, 
ownership regular bicycle, ownership e-bike, type of public 
transport card, use of transport, most preferable transport 
type, daily distance travelled to work or school 

 

 

Figure X.10: Part 1 of survey indicated in conceptual model 
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The goal of this part is to obtain knowledge and information about the characteristics of the 

respondents. Choices relate to purchase, transportation mode and perceptions will be tested in the 

other three parts. This part only focuses on obtaining information of the characteristics of the 

respondent.   

Part 2: Purchase intention 

In this part nine choice situations are presented to the 

respondent. These choice situations are related to the 

purchase intention of a respondent to purchase an e-bike 

or Solar Bike, as presented in Figure 11. A choice situation 

is composed of different factors or attributes, based on 

the following factor groups; product specifications, 

mobility and urban environment. The selected attributes 

within these factor groups are shown in Table 10. Not all 

factors stated in the factors groups are used in this part, 

because these are presumed to not have influence on the purchase intention of people. These factors 

are crossed out in Table 10. In the conceptual model, shown in Figure 7, it is visible which factors 

contribute to the purchase intention and transportation mode choice. 

 

Table 10: Factors which influence the purchase intention 

Factor group Factors presented in part 2 of survey  

Product specifications Technical - Type of bicycle, price, weight 
Purchase - likelihood purchasing Solar Bike, purpose 
purchase Solar Bike, purchase option (lease or one-time) 

Mobility Trip distance, purpose of trip 

Urban environment Type and quality of bike lanes, public transport quality, bike 
parking, car parking, weather, time of day, crowdedness 
public transport, car traffic jams  

 

By using the factors described in Table 10 a choice situation can be developed. These choice situations 

are construted by using the stated choice method, as elaborated in previous section 3.3. To convert 

these factors into choice situations for a survey, these factors are translated to attributes with attribute 

levels. An overview of the attributes and attribute levels are shown in Appendix 4. An example of a 

choice situation is illustrated in Figure 12. The respondent is asksed to state the likelihood of choosing 

this choice situation, in particular the likilyhood of purchasing a e-bike or Solar Bike. Through these 

choice situations the utility value of the attributes and attribute levels can be established. By knowing 

these utility values, the purchase intention of respondents can be predicted. 

Figure 11: Part 2 of survey indicated in conceptual model 
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Figure 12: Example choice situation purchase intention. 

Part 3: Transportation use 

Similar to part 2, this part consists of nine choice 

situations. In part 3 the choice situations are related to 

the transportation mode choices of respondents, as 

shown in Figure 13 and Appendix 5. These choice 

situations are developed based on the factors of the 

factor groups mobility and urban environment. The 

factor groups with their factors selected for this survey 

are shown in Table 11.  

 

Table 11: Factors that may influence the transportation mode choice 

Factor group Factors presented in part 2 of survey  

Mobility Trip distance, purpose of trip 

Urban environment Transportation - Type and quality of bike lanes, public 
transport quality, bike parking, car parking, crowdedness 
public transport, car traffic jams 
Circumstances - Weather, type of day 

Figure 13: Part 3 of survey indicated in conceptual model 
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These factors are used to develop the choice situations used in this part, as illustrated in Figure 14. In 

the survey the respondent is asked to determine which transportation mode would be chosen for that 

choice situation. In specific, the respondent needs to choose which transportation mode suits that 

specific situation. Through these choice situations the utility values of the attributes and attribute 

levels can be predicted. A possible outcome could be that a high trip distance influences the option to 

choose a car. 

 

 

Figure 14: Example choice situation purchase intention. 

 

Part 4: Perceptions 

The aim of part 4 of the survey is to obtain the 

perceptions of the respondents towards certain 

subjects, shown in Figure 15 and Appendix 6. These 

statements are shown in Table 12. An example and scale 

of choice options in presented in Figure 16. By knowing 

the perceptions of respondents, a link to the product 

acceptance of Solar Bikes can be investigated. For 

instance, if a respondent has a positive perception 

towards e-bikes could this influence the product 

acceptance of Solar Bikes.  

  

Figure 15: Part 4 of survey indicated in conceptual model 
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Table 12: Statements perceptions overview of e-bike, Solar Bike, car, mobility, sustainability and innovation 
 

E-bike 

1. A e-bike looks highly sensitive and vulnerable object  
2. The image of an e-bike equals elderly 
3. The image of an e-bike equals non-sportive people 

4. An e-bike is a trendy and innovative product   
5. The fact that e-bikes are often stolen, makes buying an e-bike less attractive 

6. An e-bike contributes to a healthier lifestyle and daily exercise   

7. An e-bike contributes to a more sustainable and greener world   

Solar Bike 

1. A solar bike would give me a high amount of flexibility and freedom of movement, because charging 
is unnecessary  
2. The image of a solar bike equals elderly 
3. The image of an solar bike equals non-sportive people 
4. A solar bike is a trendy and innovative product 
5. The fact that e-bikes are often stolen, makes buying a solar bike less attractive 
6. A Solar Bike contributes to a healthier lifestyle and daily exercise 
7. A Solar Bike contributes to a more sustainable and greener world 

Sustainability 
1. I am concerned about global warming and tend to work for a better and greener world 
2. I would pay more money for reducing CO2 emissions in new products 
3. It doesn’t make any point to not use a car for a better and greener world, others will remain driving 
their car. 
4. For a better and greener world I try to use the car less 
5. The environment benefits if people sometimes don’t use their cars. 
6. It is pointless to worry about a better and greener world, you can’t solve it on your own. 

Innovation 
1. I am very interested in new and innovative products and like to purchase and test them as soon as 
possible. 

 

Do you agree or disagree with the following statement? 

A solar bike would give me a high amount of flexibility and freedom of movement,  

because charging in not necessary   

1 Strongly disagree 
2 Disagree 
3 Neutral 
4 Agree 
5 Strongly agree 

 

Figure 16: Example question users’ perception towards a Solar Bike 
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The final and complete survey is presented in Appendix 7, which is an online version of the survey. The 

survey starts by providing information about the goal of the survey and the research concerning the 

product acceptance of Solar Bikes. After this page part 1 is presented. The next page, at the start of 

part 2 and 3 of the survey information is provided about the choice situations and an explanation of 

the attributes and attribute levels. After part 4, the survey ends with a possibility for the respondent 

to fill in an e-mail address to subscribe for testing a Solar Bike, or to keep updated about this research 

project. Also, on this last page suggestions, remarks or questions can be placed in a textbox. The survey 

is developed through the Bergsysteem, which is a software program made to develop surveys for the 

TU/e. 

4.4 Conclusion 
In this chapter the following research sub-questions is addressed, whereas this chapter focuses on the 

first part of the question: 

 Q3: How can the survey be developed, using the stated choice method as a starting point? 

For the development of the survey the conceptual model was used as a guideline. The survey is divided 

in four different parts; socio demographic characteristics, purchase intention, transportation mode 

choice and user perceptions.  

For the first part of the survey, the socio demographic characteristics, data is collected through asking 

the respondent question related to their personal characteristics. In this way information about the 

respondent can be gathered to check if it influences the product acceptance of Solar Bikes. For the 

second and third part of the survey, the respondent is presented several choice sets. These choice sets 

are based on the stated choice method, as described in chapter 3. For the last part of the survey, the 

users’ perceptions, the respondents are presented statements concerning several subjects. These 

subjects are; e-bike, solar bike, car, mobility, sustainability and innovation. By measuring the 

perceptions of respondents toward these subject, influence on their product acceptance of a Solar 

Bike can be analyzed. 
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5 Data collection and preparation 

 

5.1 Introduction 
For this research a survey is developed to gather relevant data. The development of the survey has 

been explained in previous chapters, and the final survey is presented in Appendix 7. This chapter will 

explain the data collection process (e.g. how the survey is spread among respondents) and how the 

output data from the survey is prepared for the analyses. 

In Section 5.2 the distribution of the survey will be described, and which channels are used to spread 

the survey. An overview of the characteristics and perceptions of the respondents of the survey will 

be shown in section 5.3. Before the data can be analyzed, the attributes used in the survey are coded. 

This preparation of data will be discussed in section 5.4. A conclusion of this chapter will be provided 

in section 5.5. 

5.2 Distribution survey 
The survey is both on paper and online distrusted, and a Dutch and English version to increase the 

numbers of respondents. The online survey was distributed through personal channels, such as 

Facebook and LinkedIn. Also employees of different groups at the TU/e have been asked by e-mail to 

participate in this survey. The survey was initially developed to be distributed on paper at the Dream 

& Dare Festival of the TU/e on 24th of April 2016. However, as the survey takes about 10 minutes to 

complete, many visitors did not participate in the survey, resulting in only 1 completed survey. The 

online participation was higher and resulted in 255 respondents. The distribution of the online survey 

started the 3th of May 2016, and the data has been collected until the 31th of May 2016. 

5.3 Respondents 
256 respondents have filled in the survey, and this section provides an overview of the respondents’ 

characteristics. This overview can be used in the analysis of the results to check if there are correlations 

between the respondents’ characteristics and the decisions made in the survey. The overview of 

characteristics will be presented through the results of the socio demographic characteristics. The 

amount of respondents however varies, since a large part of respondents did not finish the complete 

survey. A large part of the respondents did however complete the two choice experiments, which data 

was saved and collected separate as sub-survey from the main survey (part 1 and 4 of the survey). The 

amount of respondents which completed part 1 socio demographic characteristics and part 4 

perceptions is 256. For the choice experiment purchase intention of part 2, 305 respondents 

completed this part. In the model of general purchase intention (Q 2.1) linked with the socio 

demographic characteristics and perceptions 257 respondents are used. The second choice 

experiment transportation mode choice 285 respondents completed this part of the questionnaire. 

For the classification of respondents linked with the socio demographic characteristics and 

perceptions, 258 respondents completed both choice experiment transportation mode choice and 

part 1 and 4 socio demographic characteristics and perceptions. 
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Socio demographic characteristics 
The respondents’ socio demographic characteristics are described to give a representation of the 

sample. The most important and relevant characteristics will be described in the following paragraphs. 

Among the respondents 87% has the Dutch nationality, whereas 13% has stated another nationality in 

the survey. The age of respondents varies from 18 till 75 years, whereas the age group 20 – 40 years is 

slightly more represented than other age groups. In general, all ages, which can use and purchase a 

Solar Bike, are represented among the respondents. An overview of the distribution of the 

respondent’s age is shown in Figure 17. The gender of respondents is almost equally divided: 56 % of 

the respondents are male and 44% is female.  

The household structure of the respondents is approximately two-third without children, and a quarter 

of the respondents live in a single person household. A representation of the respondent its household 

structure is shown in Figure 18. 

  

Figure 17: Age distribution of respondents   
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Figure 18: Household structure of respondents  

In the survey the length and weight of respondent is asked in order to calculate the body mass index 

(BMI). As shown in Figure 19 the BMI of most respondents in between 20 and 30, which indicates a 

healthy BMI value.  

   
Figure 19: BMI distribution of respondents      
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The daily distance travelled by respondents is shown in Figure 20. Most respondents travel a daily 

distance below 25 kilometers, the distribution of daily distance travelled below 25 kilometers is divided 

in three groups; 0 till 6, 7 till 12 and 13 till 24 kilometers. Especially the first group, 0 till 6 kilometers, 

has the highest frequency amongst respondents.  

 

  

 

         
Figure 20: Daily distance traveled distribution of respondents 
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Moreover, the education level, occupation and personal gross income of respondents are asked in the 

survey. The education level of the respondents is for 90% higher education, which includes HBO (higher 

vocational education), bachelor WO (higher education), master WO (higher education) or PhD. For the 

other respondents the highest level of education is a secondary education level, which consist of 

primary, secondary and MBO (intermediate vocational education), or stated their education level as 

otherwise. The occupation of most respondents is 81% working, 62% full-time and 19% part-time. 

Other respondents are students (14%), unemployed or retired (5%). The personal gross income per 

month of respondents is for 53% higher than € 2.700, which is the average income in the Netherlands. 

All together a large part of the respondents has a high education level, full-time job and high gross 

income per month. All results of the socio demographic characteristics are shown in Table 13. The 

results of the usage and preference of transportation mode are stated in Appendix 8 and 9. 

Table 13: Results socio demographic characteristics, amount of respondents n=256 

Factor Levels Frequencies Percentage 

Age 18 – 34 
35- 49 
50 + 

111 
70 
75 

44% 
27% 
29% 

Gender Male 
Female 

112 
144 

56% 
44% 

Nationality Dutch 
Other 

223 
33 

87% 
13% 

Country Netherlands 
Other 

245 
12 

95% 
5% 

Household 
structure 

Single (without children) 
Couple (without children) 
Family (with children) 

62 
102 
92 

24% 
40% 
36% 

BMI Below 20 (underweight) 
20 – 30 (normal healthy weight) 
30 + (overweight) 

11 
232 
13 

4% 
91% 
5% 

Daily distance 
travelled to work 
or school 

0 – 6 
7 - 12 
13 - 24 
25 + 

114 
41 
31 
70 

45% 
16% 
12% 
27% 

Personal gross 
income per month 

Below € 2.700 
Higher than € 2.700 

121 
135 

47% 
53% 

Education Secondary education (primary, secondary, MBO) 
Higher education (HBO, bachelor WO, master WO, PhD) 
Other 

23 
229 
4 

9% 
89% 
2% 

Main occupation Unemployed or retired 
Student 
Working (part-time, 32 hours or less) 
Working (full-time, more than 32 hours) 

11 
36 
49 
160 

5% 
14% 
19% 
62% 

Driving license Yes 
No 

240 
16 

93% 
7% 

Number of cars in 
household 

None 
One 
Two or more 

62 
120 
74 

24% 
47% 
29% 

Ownership regular 
bike 

Yes 
No 

250 
6 

98% 
2% 

Ownership e-bike Yes 
No 

24 
232 

10% 
90% 

Type of public 
transport card 

Card with discount and/or free travel subscription 
Regular card with no discount subscription 
No card 

136 
55 
65 

53% 
21% 
26% 

Amount of 
exercise during the 
week 

0 – 45 minutes 
46 - 90 minutes 
91 - 135 minutes 
136 -  180 minutes 
> 180 minutes 

13 
36 
45 
38 
124 

5% 
14% 
17% 
15% 
49% 
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Users’ perceptions 
In the survey respondents are presented statements related to certain topics. These topics consist of 

perceptions towards an e-bike, Solar Bike, car, mobility, sustainability and innovation. Respondents 

can choose to what level they agree with the statement on a five point scale; strongly disagree (1), 

disagree (2), neutral (3), agree (4) and strongly agree (5). The results of the perceptions towards these 

topics are stated in Appendix 10. An overview of the respondents’ perceptions towards these topics 

are determined by analyzing the respondents’ total score per topic. This score is calculated by the sum 

of the chosen options. For example, is a respondent has chosen for strongly agree (5) for all seven 

statements related to an e-bike, the total score would be 7 x 5 = 35. However, several statements are 

positive or negative towards a topic. In order to determine the total sum correctly the five point scale 

score is inverted for statement negative towards that topic (e.g. strongly disagree is 5). To test the 

consistency of the respondents and the reliability of the respondent’s choices a reliability analysis has 

been performed on the choices made by respondents. This reliability analysis is conducted by 

calculating the Cronbach’s Alpha, as shown in Appendix 11. The Cronbach’s Alpha coefficient is the 

most frequently used method for calculating the reliability of data (Helms, Henze, Sass, & Mifsud, 

2006). This resulted in a low score of reliability of the topics car and mobility, as shown in outcome of 

the analysis stated in Appendix 10. Therefore, only the topics e-bike, solar bike, sustainability and 

innovation are selected for determining the total score of respondents.  

The average total score of respondents towards e-bikes, Solar Bikes, sustainability and innovation is 

presented in Table 14. The average score of respondents is illustrated in Figure 21. Especially most 

respondents have a positive attitude and perception towards the statements of the topics Solar Bike 

and sustainability. Remarkable is the difference in attitude towards Solar Bikes and e-bikes, where 

statements related to Solar Bikes are perceived more positively. 

Table 14: Statements of topics e-bike, Solar Bike, sustainability and innovation with average total score of respondents.  

Statements Average total score 

E-bike 21,57 (3,08) 

1. A e-bike looks highly sensitive and vulnerable object*   

2. The image of an e-bike equals elderly*  

3. The image of an e-bike equals non-sportive people*    

4. An e-bike is a trendy and innovative product    

5. The fact that e-bikes are often stolen, makes buying an e-bike less attractive*   

6. An e-bike contributes to a healthier lifestyle and daily exercise    

7. An e-bike contributes to a more sustainable and greener world    

Solar Bike 24,52 (3,50) 
1. A solar bike would give me a high amount of flexibility and freedom of movement, because 
charging is unnecessary  

 

2. The image of a solar bike equals elderly*   
3. The image of an solar bike equals non-sportive people*  
4. A solar bike is a trendy and innovative product  
5. The fact that e-bikes are often stolen, makes buying a solar bike less attractive*  
6. A Solar Bike contributes to a healthier lifestyle and daily exercise  
7. A Solar Bike contributes to a more sustainable and greener world  

Sustainability 22,03 (3,67) 
1. I am concerned about global warming and tend to work for a better and greener world  
2. I would pay more money for reducing CO2 emissions in new products  
3. It doesn’t make any point to not use a car for a better and greener world, others will remain 
driving their car.* 

 

4. For a better and greener world I try to use the car less  
5. The environment benefits if people sometimes don’t use their cars.  
6. It is pointless to worry about a better and greener world, you can’t solve it on your own.*  

Innovation 2,96 
1. I am very interested in new and innovative products and like to purchase and test them as 
soon as possible 

 

*statements which are negative towards the topic, and therefore scale points are flipped 
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Figure 21: Average attitude score of respondents towards topics e-bike, Solar Bike, sustainability and innovation 

5.4 Datasets effect coding 
Before the data of choice experiments of the survey can be analyzed the attributes used in the survey 

are coded. By coding the attributes first, the influence of these attributes can be determined through 

certain methods in the analysis. The eventual analysis and used method will be elaborated in the next 

chapter.  

The attributes and levels will be coded through a certain coding method, the so-called ‘effect coding’. 

With the effect coding method attributes are converted to variables, in which L attribute levels result 

in L – 1 variables. The attribute level which is not included in the variables is the reference level. When 

this reference level is represented in the data set it will indicate the value -1. A variable indicates a 

value of 1 if the variable corresponds with the attribute level of that variable. If a variable does not 

correspond with the attribute level of that variable or the reference level the value of that variable will 

be 0 (Bech & Gyrd-Hansen, 2005).  An illustration and example of this principle is shown in Table 15 

and Table 16. 

Table 15: Effect coding of attributes, reference levels are coded as -1 and variable coded as 1 if corresponds with attribute 

level. 

 Variable 1 
(of attribute level 1) 

Variable 2 
(of attribute level 3/2) 

Variable 3 
(of attribute level 4) 

Attribute level 1 1   
Attribute level 2 (reference level) -1   
    
Attribute level 1 1 0  
Attribute level 2 (reference level) -1 -1  
Attribute level 3  0 1  
    
Attribute level 1 1 0 0 
Attribute level 2 0 1 0 
Attribute level 3(reference level) -1 -1 -1 
Attribute level 4  0 0 1 

Table 16: Effect coding of attribute price, reference level indicated as -1 and variables indicated as 1 or 0 if corresponds with 

attribute level. 

 Variable 1 
Price 2000 

Variable 3 
Price 3000 

Price level 1 - € 2.000  1 0 
Price level 2  (reference level)  - € 2.500 -1 -1 
Price level 3- € 3.000 0 1 
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5.5 Conclusion 
This chapter provided insight in the data collection and preparation of this research. The data collection 

is performed by distributing the survey online and on paper. Through several channels potential 

respondents are approached, which resulted in a total of 256 completed surveys. An overview of the 

respondents is formed through the socio demographic characteristics and perceptions of respondents, 

presented in this chapter. Of the socio demographic characteristic, there is a slightly higher amount of 

respondents in the age group 18-34 (44%), compared to the age groups 35-49 (27%) and 50+ (29%). 

Also, most respondents have a higher education level (89%) in comparison with a secondary education 

(9%). The overall perceptions of respondents toward the topics e-bike, Solar Bike, sustainability and 

innovation, resulted in slightly more positive attitude towards Solar Bikes and sustainability than e-

bikes and innovation. The preparation of the data is done by effect coding of the attributes. By coding 

these attributes, the influence of these attributes can be determined in the analysis.  
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6 Data analysis and results 

 

6.1 Introduction 
In this chapter the data analysis and results of the survey will be presented. After the data preparation 

is conducted and the attributes are coded (as presented in Chapter 5), the data is analyzed. The used 

analysis methods and results are presented in this chapter. This chapter will offer an answer to the 

sub-questions Q4 and Q5: 

Q4: What influence have certain factors on the acceptance of Solar Bikes, and does this correspond 

with the assumptions made in the conceptual model? 

Q5: Which characteristics of respondents have most influence on the product acceptance, based on the 

results of the factor variables? 

To provide and answer to these sub-questions the results of two different choice experiments of the 

survey will be discussed. First, the used methods to analyze the choice experiments is described in 

section 6.2. The results of choice experiment purchase intention will be elaborated in section 6.3, 

where the results of the choice experiment transportation mode choice will be presented in section 

6.4. To check any links between the outcomes of these choice experiments and the socio demographic 

characteristics and perceptions of respondents, several results are connected. The results of these links 

are stated as last part of section 6.3 and 6.4. This chapter will end with a conclusion that will provide 

an answer to sub-question Q4 and Q5 are, and is provided in section 6.5. 

6.2 Explanation utility value 
In order to find the amount of influence of factors on the product acceptance of Solar Bikes, the stated 

choice method was used. Through a stated choice experiment the utility and importance of a factor, 

or expressed as ‘attribute’, can be determined. Which can be expressed as follows: 

𝑈𝑖𝑛 = 𝑉𝑖𝑛 + 𝜀𝑖𝑛         (1) 

- 𝑈𝑖𝑛 = total utility value of choice situation i and individual n 

- 𝑉𝑖𝑛 = deterministic utility value of choice situation i and individual n 

- 𝜀𝑖𝑛 = error component, a unobservable or random effect of choice situation i and individual n 

As shown in Formula 1 the total utility value can be calculated by the deterministic utility value of a 

choice situation and an error component (Green & Gerard, 2009). Since the error component is 

unobservable, the total utility value of a choice situation cannot be determined in this research. 

However, the deterministic utility value can be determined through the outcome of the choice 

experiment.  

Ordered Logit Model 
For the two choice experiments, purchase intention and transportation mode choice, two different 

models are used to determine the parameter values. For the first choice experiment, purchase 

intention, respondents are presented a choice situation in which they have to choose the likelihood of 

purchasing an e-bike or solar bike with certain attributes. In these choice situations a total of 8 

attributes is present in which attribute levels vary from 2 to 3. The choice options of this part of the 

survey are of an ordinal scale, therefore the ordered logit model is chosen. The ordinal scale consists 

of 6 categories; not likely, very unlikely, unlikely, neither likely or unlikely, likely, and very likely/almost 
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certain. The last two choice options, very likely and almost certain, are merged into one option, since 

only a limited number of respondents chose for these separate options. In Table 17 the frequencies of 

the chosen choice options are presented. 

Table 17: Frequency of chosen choice options of choice experiment purchase intention  

Choice options Frequency Percentage 

Not likely 714 27% 

Very unlikely 439 17% 

Unlikely 525 19% 

Neither likely or unlikely 427 16% 

Likely 383 14% 

Very likely 148 5% 

Almost certain 60 2% 

 

The ordered logit model estimates a set of regression coefficients that predict the probability of 

choosing a choice situation, taking into account an ordinal scale of choice options. The function of this 

model can be expressed as follows: 

𝑌𝑛
∗ = Σ 𝛽𝑗𝑘  𝑋𝑗𝑘𝑛 +  𝜀𝑛        (2) 

- 𝑌𝑖
∗ = continuous unmeasured latent variable, whose values determine what the observed 

ordinal variable 𝑌 of respondent its choice n equals (Williams, 2015) 

- 𝛽𝑗𝑘 = the estimated parameter value of attribute j with attribute level k  

- 𝑋𝑗𝑘𝑛 = value of attribute j with attribute level k with effect coding of respondent its choice n 

Multinomial Logit Model 
The second choice experiment, transportation mode choice, consisted of a choice experiment in which 

respondents had to choose the most preferred transportation mode for a particular situation. The 

choice situations consisted of 10 attributes, in which the number of attribute levels varied from 2 to 3. 

The choice situations of this part are on a nominal scale (i.e. categorical scale). The choice options for 

this choice experiment were; Solar Bike, E–bike, Regular bike, Bus/Metro/Tram, Car and Motor. For 

the analysis of the choice options, the option motor is combined with car, as only a few respondents 

chose the option motor. The frequencies op the chosen choice options are stated in Table 18. 

Table 18: Frequency of chosen choice options of choice experiment tran sportation mode choice  

Choice options Frequency Percentage 

Solar Bike 366 14% 

E-bike 265 10% 

Regular bike 773 30% 

Bus/Metro/Tram 335 13% 

Car 743 29% 

Motor 22 1% 

 

The multinomial logit model estimates, similar to the ordered logit model of last section, regression 

coefficients for an attribute and attribute levels. However, different from the ordered logit model used 

for the first choice experiment, this model takes the nominal scale into account. The function of the 

multinomial logit model is stated in Formula 3 and 4, which represents the chance a choice situation is 

chosen out of the sum of the deterministic utility values of all choice situations (Ying & Kuhfeld, 2010). 

𝑃𝑟𝑜𝑏𝑖 =  
𝑒𝑉𝑖

Σ𝑒𝑉𝑖
          (3) 
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𝑉𝑖 = Σ 𝛽𝑗𝑘  𝑋𝑗𝑘         (4) 

- 𝛽𝑗𝑘 = the estimated parameter value of attribute j with attribute level k 

- 𝑋𝑗𝑘 = value of attribute j with attribute level k with effect coding 

The deterministic utility value is defined by the estimated parameter value and attribute value with 

effect coding, as described in Section 5.4. Besides the attribute value with effect coding (𝑋), the 

estimated parameter of its attribute and attribute level (β) is needed to determine the deterministic 

utility value of a choice situation (𝑉𝑖𝑛). The estimated parameter value (β) indicates the importance of 

each attribute and the probability that respondents would prefer this attribute over other ones 

(Lambooij, et al., 2015). The calculation of these parameters is based on the observed data of the 

survey and estimated by using the program Nlogit, in which different models are used for the analysis.  

Goodness of fit 
These models describe the collected data of the survey. In order to check if the model describes the 

actual data of the survey the log-likelihood function is used (Train, 2009): 

𝐿𝐿 (𝛽) = ∑  𝑁
𝑛=1 ∑  𝑖 𝑦𝑛𝑖  ln(𝑃𝑛𝑖)      (5) 

- 𝐿𝐿 (𝛽) = log-likelihood function on the estimated parameters 

- 𝑁 = number of respondents 

- 𝑦𝑛𝑖 = choice of respondent n for choice situation i 

- 𝑃𝑛𝑖 = choice probability of respondent n for choice situation i 

The likelihood ratio index indicates how well the model describes the data. This is done by measuring 

how the model, with the estimated parameters, performs compared to a model where all parameters 

are zero (zero model). The comparison of these two models is based on the log-likelihood function of 

both estimated parameters (used model) and zero model (Train, 2009). This likelihood ratio index is 

formulated as:  

𝜌 = 1 −  
𝐿𝐿 (𝛽)

𝐿𝐿 (0)
         (6) 

- 𝐿𝐿 (0) = log-likelihood function of zero for all parameters (zero model) 

The ρ value varies between 0 and 1, in which 0 shows the estimated model is not better than the zero-

model. A value of 1 indicates a perfect prediction of the choices made by respondents of the estimated 

model (Train, 2009). The results of Formula 6 are presented for the different parts of the survey in the 

next sections. 

6.3 Results choice experiment purchase intention 
The parameters (β) of these attribute levels are estimated by the Ordered Logit Model, the result of 

this model is shown in Appendix 12. In Table 19 the attributes, attribute level, parameters and 

significance are shown. The parameters which are indicated with one or multiple ‘*’ are significant on 

the level of 1% (***) and 5% (**). The parameters with significance level of 5% or lower are taken into 

account for this research. The attribute levels with a significance level of 5% or lower are marked as 

light red or green in Table 19. All attributes have one or two significant attributes level, except the 

attribute type of bicycle, which has no significant influence on purchasing an e-bike or Solar Bike. A 

possible explanation could be that the natural resistance of people towards a new product, such as the 

Solar Bike, has a negative effect on purchasing a Solar Bike. On the other hand, the advantage of a 

Solar Bike towards an e-bike (i.e. battery regeneration through solar panels) could have a positive 

effect and counteract the negative influence of the natural resistance.   
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As can be observed from Table 19 the attribute trip distance has the highest parameter values and 

therefore has most influence in the decision of purchasing an e-bike or Solar Bike. This is also illustrated 

in Figure 22, which illustrates the parameter values for the different attributes. Also, a trip distance of 

14 kilometer has most positive effect on the likelihood of purchasing an e-bike or Solar Bike. As 

described in the literature study, an increase in trip distance results in a negative influence on cycling 

in general (Piatkowski & Marshall, 2015). Related to the purchase intention of Solar Bikes, this is not 

the case. A low trip distance, 6 kilometers in this survey, is found to have a strong negative influence 

on purchasing an e-bike or Solar Bike. The other two trip distanced, 14 and 22 kilometers, have a 

positive influence. A possible explanation could be that for a trip distance of 6 kilometers a bicycle with 

pedal support, such as an e-bike or Solar Bike, is not necessary or wanted. A difference is visible 

between 14 and 22 kilometers, in which 14 kilometer has a higher parameter value. This may be due 

to the fact that 22 kilometers cycling, even with pedal support, requires too much physical effort and 

travel time compared to a car or public transport. Moreover, good quality of bike lanes and € 2.000 for 

price of bicycle have a large positive effects on purchasing an e-bike or solar bike (marked as light 

green). As suggested in the literature study a high quality of bicycle infrastructure positively influences 

cycling (Heinen, 2011). As for this research related to the purchase of an e-bike or Solar Bike, this 

influence is also important for cycling with an e-bike or Solar Bike. The influence of the price level of 

an e-bike or Solar Bike is as expected, especially a high price of € 3.000 has a strong negative influence 

on the purchase of an e-bike or Solar Bike. The parking conditions stated in the choice experiment, 

bike and car parking, can have a significant negative influence. In particular, an unsecured and free 

bike parking and free car parking prove to have a strong negative influence on purchasing an e-bike or 

Solar Bike. At the bottom of Table 19 the ρ2 (Rho Squared) is presented, which determines how well 

the model fits the data. The value 0,1694 indicates a modest fit on the data.  

Table 19: Parameter values of part 2 – purchase, amount of respondents n=305 

Attribute Level Parameter (β) Significance 

Constant  1,7037 0,0000 
Trip distance 6 kilometer -0,7743*** 0,0000 

 14 kilometer 0,4795 - 
 22 kilometer 0,2947*** 0,0000 

Quality bike lanes Good 0,3272*** 0,0000 

 Moderate 0,1393 - 
 Bad -0,4665*** 0,0000 

Quality public transport Good -0,1932*** 0,0017 

 Moderate 0,0449 - 
 Bad 0,1483** 0,0141 

Bike parking Unsecured free -0,1934*** 0,0009 

 Secured free 0,1916 - 
 Secured for €1 0,0018 0,9754 

Car parking Free -0,2289*** 0,0003 

 Parking for €3,75 0,0661 - 
 Parking for €7,50 0,1628*** 0,0040 

Type of bicycle E-bike 0,0150 0,7435 

 Solar Bike -0,0150 - 
Price of bicycle € 2.000 0,2711*** 0,0000 

 € 2.500 0,0762 - 
 € 3.000 -0,3473*** 0,0000 

Weight of bicycle 20 -24 kg 0,1838*** 0,0044 

 25 – 29 kg -0,0894 - 
 30 – 35 kg -0,0944 0,1163 
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Threshold parameters Not likely 1,3892 0,0000 

Choice options Very unlikely 2,7618 0,0000 

 Unlikely 3,9956 0,0000 

 Neither likely or 
unlikely 

5,7922 0,0000 

 Likely, very likely, 
almost certain 

- - 

ρ2 0,1694   

LL (0) -4660,36849   

LL (β) -3870,82635   
*** = Significance at 1% level, ** = Significance at 5% level 

 
Figure 22: overview of parameter values per attribute level 

By establishing the parameter values of attributes and attribute levels the most and least preferred 

choice situations are determined. In Table 20 these choice situations are presented, in which the 

significant attributes levels are indicated in black and attribute levels with a significance level higher 

than 5% are indicated in grey. 

Table 20: Most and least preferred choice situation  

Most preferred choice situation Least preferred choice situation 

Trip distance 14 kilometer Tip distance 6 kilometer 

Good quality of bike lanes Bad quality of bike lanes 

Bad quality of public transport Good quality of public transport 

Secured bike parking for free Unsecured bike parking for free 

Car parking for € 7,50 Free car parking 

E-bike Solar Bike 

Price € 2.000 Price € 3.000 

Weight 20 – 24 kg Weight 30 – 35 kg 
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Additional questions purchase intention – purchase 
After the choice experiments related to the purchase intention, several additional questions were 

presented to the respondents. These questions are included in the survey to test general perceptions 

towards the purchase of a Solar Bike, which are indicated in Table 21, 22 and 23. The result of the first 

question is that approximately 10% of the respondents are likely, very likely or almost certain to 

purchase a Solar Bike. The results of the second question indicate that 44% of the respondents would 

purchase a Solar Bike for both recreation and commuting, while merely 18% choose recreation as only 

purpose for purchasing a Solar Bike. The results of the third question show that 68% of the respondents 

prefer a one-time purchase of a Solar Bike and 32% prefer a lease construction of purchasing a Solar 

Bike. 

Table 21: Results from additional  question 2.1 part 2 (purchase).  

Question 2.1: In general and in your current situation, how 

likely are you to buy a Solar Bike? 

 Frequency Percent 

Almost certainly not 76 29% 

Very unlikely 56 21% 

Unlikely 58 22% 

Neither likely or unlikely 44 17% 

Likely 17 7% 

Very likely 8 3% 

Almost certain 3 1% 

Total 262 100% 

 

Table 22: Results from additional question 2.2 part 2 (purchase).  

Question 2.2: If you would like to buy a Solar Bike,  

for which purpose would you buy it? 

 Frequency Percent 

Recreation 46 18% 

Commuting 96 37% 

For both recreation and commuting 114 43% 

Otherwise 6 2% 

Total 262 100% 

 

Table 23: Results from additional question 2.3 part 2 (purchase).  

Question 2.3: Which purchase option would you prefer? 

 Frequency Percent 

A lease construction 84 32% 

One-time purchase 178 68% 

Total 262 100% 

 



 
 

57 

Influence socio demographic characteristics and users’ perceptions on general purchase 

intention (Q 2.1) 
Based on the results of the choice experiment purchase intention of the survey, relationships between 

general purchase intention and socio demographic characteristics and perceptions of respondents 

have been analyzed. First, Question 2.1 of the additional questions related to purchase intention (‘in 

general and in your current situation how likely are you to buy a Solar Bike’) has been linked with the 

socio demographic characteristics and perceptions of respondents. The outcome of Question 2.1, as 

illustrated in Table 24 and Appendix 13, is linked with the socio demographic characteristics and 

perceptions of respondents. These variables are linked to analyze the influence of the socio 

demographic characteristics and perceptions of respondents on the general purchase intention of 

respondents to buy a Solar Bike. The analysis is based on the Ordered Logit model, since the choice 

options are on an ordinal scale. The choice options of question 2.1 are equal to the choice situations 

of the choice experiment purchase intention, namely not likely, very unlikely, unlikely, neither likely or 

unlikely, likely, and very likely/almost certain. The last two choice options, very likely and almost 

certain, are again merged into one option, since the last two choice options were chosen very little. 

The outcome of linking the socio demographic characteristics and perceptions of respondents with the 

general intention of respondents to purchase a Solar Bike are stated in Table 24. The significant 

attributes are household structure, education, occupation, bike ownership and daily distance travelled. 

As illustrated in Figure 23 the attribute occupation has most influence on the general purchase 

intention of purchasing a Solar Bike, in which the attribute level unemployed or retired has most 

positive influence and students a large negative influence. This is in line with the presumption that 

electric bicycles are more popular among older, retired people. Additionally, students or young people 

would rather not spend much money on a transportation mode such as the e-bike or Solar Bike, but 

instead a more affordable regular bicycle.  

 Moreover, the attributes bike ownership and daily distance travelled have substantial influence. 

Specifically, the attribute levels owning a bike and daily distance of 7-12 kilometer have positive 

influence on the general intention of respondents to purchase a Solar Bike. The respondents who own 

a bicycle are more likely to purchase a Solar Bike compared to people who do not own a bicycle. 

However, a large amount of respondents owns a bicycle. The respondents who do not own a bicycle 

are probably not interested in cycling, on a regular bicycle or Solar Bike. The daily distance travelled by 

respondents has influence on the general intention to purchase a Solar Bike. Respondents who have a 

short commute distance of 0 – 6 kilometer are least interested to purchase a Solar Bike. A medium 

daily distance travelled, of 7 – 12 kilometer, by respondents has most positive influence on purchasing 

a Solar Bike. This suggest a Solar Bike is most preferable for medium daily distances of 7 – 12 kilometer. 

Next to the socio demographic characteristics, the perceptions of respondents are also linked with 

Question 2.1. The results of the parameter values of these topics are presented in Table 24 and Figure 

24. The topics solar bike and innovation are significant and show a positive influence on the general 

intention of respondents to purchase a Solar Bike. The rho squared value of this model is 0.1997, which 

indicates an acceptable fit of the model. 
 

 

  



 
 

58 

Table 24: Parameter values of socio demographic characteristics and perceptions on general purchase 

intention (Q 2.1) , amount of respondents n=257  

 Level Parameter Significance 

Constant  -5.9337*** 0.0000 

Perceptions    

E-bike  Positive attitude towards e-bike -0.0197 0.6873 

Solar Bike  Positive attitude towards Solar Bikes  0.2194*** 0.0000 

Sustainability  Positive attitude towards sustainability -0.0155 0.6845 

Innovation  Positive attitude towards innovation  0.6921*** 0.0000 

Socio demographic 
characteristics 

 
  

Age 18 - 34 -0.3788* 0.0924 

 35 – 49 -0.2897 0.1725 

 50+  0.6685   

Gender Female  0.1917 0.1664 

 Male -0.1917   

BMI 18 – 25 -0.2190 0.3296 

 26 - 30 -0.4146* 0.0939 

 30+  0.6336   

Household structure Single  0.3593 0.1070 

 Couple -0.4329** 0.0197 

 Family (couple or single parent)  0.0736   

Income Below € 2.700  0.2430 0.1087 

 Above € 2.700 -0.2430   

Education Middle -0.4777** 0.0405 

 Higher (hbo, wo bachelor, master, Phd)  0.4777   

Occupation Unemployed or retired  1.6592*** 0.0010 

 Student -1.5625*** 0.0000 

 Part-time working  0.1443 0.6436 

 Full-time working -0.2410   

Number of cars in household None  0.0177 0.9435 

 One -0.2765 0.1715 

 Two or more  0.2588   

Bike ownership Yes  1.3982*** 0.0019 

 No -1.3982   

E-bike ownership Yes  0.1602 0.4840 

 No -0.1602   

Ownership public transport card Yes, a regular card or card with subscriptions -0.0656 0.6515 

 No car  0.0656   

Daily distance travelled 0-6 kilometer -0.6372*** 0.0033 

 7-12 kilometer  0.7304*** 0.0046 

 13-24 kilometer  0.1652 0.6018 

 25+ kilometer -0.2584   

Threshold parameters Not likely 1.3697 0.0000 

Choice options Very unlikely 2.8160 0.0000 

 Unlikely 4.5175 0.0000 

 Neither likely or unlikely 5.9194 0.0000 

 Likely - - 

 Very likely or almost certain - - 

ρ2 0.1997   

LL (0) -4187.831   

LL (β) -3351.6078   
*** = Significance at 1% level, ** = Significance at 5% level 
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Figure 23: overview of significant parameter values per attribute level of socio demographic characteristics 

 
Figure 24: Overview of parameter values of perceptions of respondents  
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6.4 Results transportation mode choice 
Table 25 shows the attributes, attribute level, parameters and significance of choice experiment 

related to the transportation modes Solar Bike, e-bike, regular bike, bus, metro or tram and car. The 

parameters (β) of these attribute levels are determined by using the Multinomial Logit Model, the 

result of this model is stated in Appendix 14. The parameters with one or multiple ‘*’ are significant on 

the level of 1% (***) and 5% (**). Parameters with significance level of 5% or lower are taken into 

account for the analyses. These attribute levels, with a significance level of 5% or lower, are marked as 

light red or green. Most attributes have one or two significant attributes levels, however, the attributes 

crowdedness public transport and quality public transport have no significant attribute level for the 

transportation modes Solar Bike, e-bike and regular bike. Thus, these attributes have no significance 

for the influence on choosing a Solar Bike, e-bike or regular bike as transportation mode. The rho 

squared value of the model used for the analysis of the choice experiment transportation mode choice 

is 0,1609. This value is slightly below the preferred minimum rho squared value (of 0.20), therefore 

the accuracy of this model is moderate. 

Figures 25, 26, 27 and 28 show which attributes and attribute levels have most influence on the choice 

behavior related to transportation modes. As for the transportation mode Solar Bike the attribute 

weather has the highest parameter values and has most influence on choosing a Solar Bike as 

transportation mode, whereas the attribute level less wind and dry has the highest positive effect. As 

expected and described in the literature study (Heinen, 2011), the weather has great influence on 

cycling as transportation mode. This counts for all three bicycle types; Solar Bike, e-bike and regular 

bike. Especially a high amount of wind influences cycling negatively, where less wind and dry weather 

conditions influence cycling positively. Several other attribute levels have a positive influence on 

choosing the Solar Bike as transportation mode: daylight, congested car traffic jam-+s and car parking 

for € 7,50. In line with findings in the literature study daylight has a strong influence on the slow 

transportation modes, such as cycling (Molin & Timmermans, 2010). For the Solar Bike the influence 

of type of day is significant and influences choosing a Solar Bike as transportation mode considerably. 

Also notable is the influence of car traffic jams and car parking on choosing the Solar Bike as 

transportation mode. Especially car parking conditions have a large influence on choosing a Solar Bike, 

e-bike, regular bike or bus, metro or tram as transportation mode. Although the literature study 

showed a large influence of infrastructure conditions in general, this study confirms the strong 

influence of infrastructure conditions. Other attribute levels contribute to a negative influence on 

choosing a Solar Bike as transportation mode choice: unsecured free bike parking, a trip distance of 22 

kilometer, recreation as purpose of trip, and bad quality bike lanes. As for purchasing or choosing a 

Solar Bike as transportation mode, bike parking and quality of bike lanes have significant influence. 

The trip distance however shows of less significance, except for the trip distance of 22 kilometers. In 

contrast to the choice experiment related to the purchase intention, the attribute level trip distance 

22 kilometer has a negative influence on choosing the Solar Bike as transportation mode. A possible 

explanation may be that in this choice experiment multiple transportation modes are possible for a 

choice situation with a trip distance of 22 kilometers. Remarkable is the influence of the purpose of 

trip concerning the transportation modes Solar Bike and regular bicycle. For the Solar Bike the trip 

purpose recreation has a significant negative influence on choosing this type of bicycle. A trip purpose 

of recreation however has a significant positive influence on choosing a regular bicycle as 

transportation mode. This may due to the fact that pedal support in e-bikes and Solar Bikes are mostly 

necessary and convenient when commuting, since this increases speed and shorter travel time to work. 

However, speed or travel time is mostly not necessary when cycling for recreation. 
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Comparing the parameter values of the transportation mode Solar Bike and e-bike shows the 

importance of trip distance for choosing an e-bike as transportation mode. The influence of this 

attribute for Solar Bikes is much lower and less significant, whereas for e-bikes this attribute less is 

significant and important. Thus, trip distance has more influence on choosing an e-bike than choosing 

a Solar Bike as transportation mode. When comparing the parameter values of the transportation 

mode regular bike, the attribute trip distance also has a high relevance in choosing a regular bike as 

transportation mode. For the transportation mode bus, tram or metro, the influence of many 

attributes differ strongly in comparison with the transportation modes Solar Bike, e-bike and regular 

bike. The most important attributes in choosing the bus, metro of tram are; car traffic jam, 

crowdedness public transport and quality public transport. Attributes which are highly relevant for the 

transportation modes e-bike, solar bike and regular bike, such as weather, type of day and trip distance, 

are less relevant for choosing a bus, metro or tram as transportation mode. The transportation mode 

choices Solar Bike, e-bike, regular bike and bus, metro or tram are also compared to the transportation 

mode car. The outcome of this comparison is also shown at the bottom of Table 25. The transportation 

mode regular bike is most preferable after the transportation mode choice car. The transportation 

mode choices Solar Bike, e-bike and bus, metro or tram are almost equally preferred as transportation 

mode. 

Table 25: Parameter values of transportation mode choice , amount of respondents n=285 

  Solar Bike  E-bike  Regular 
bike 

 Bus, metro 
or tram 

 

 Level Parameter Sign. Parameter Sign. Parameter Sign. Parameter Sign. 

Car traffic 
jam 

Calm -0,2671** 0,0149 -0,1095 0,3266 -0,1676* 0,0957 -0,2125 0,0831 

  Moderate -0,1217 - -0,1632 - -0,1194  -0,2269  

  Congested 0,3888*** 0,0003 0,2727** 0,0146 0,2869*** 0,0038 0,4394*** 0,0001 

Weather Less wind & 
dry 

0,7784*** 0,0000 0,6458*** 0,0000 0,8348*** 0,0000 0,0280 0,8389 

  Less wind & 
rain 

0,1109 - -0,0811 - 0,1870  -0,0858  

  Wind & rain -0,8894*** 0,0000 -0,5646*** 0,0000 -1,0217*** 0,0000 0,0578 0,5739 

Type of day Daylight 0,4997*** 0,0000 0,0231 0,7794 0,2025*** 0,0070 -0,0373 0,6679 

  Dark -0,4997 - -0,0231 - -0,2025  0,0373  

Bike parking Unsecured 
free 

-0,2213** 0,0469 -0,0680 0,5516 0,0154 0,8766 0,0493 0,6629 

  Secured free 0,2262 - 0,0994 - 0,0303  -0,0069  

  Secured for 
€1 per day 

-0,0049 0,9642 -0,0314 0,7764 -0,0457 0,6343 -0,0423 0,6939 

Crowdednes
s public 
transport 

Calm -0,0364 0,7689 0,1660 0,1461 0,1647 0,0964 0,2413** 0,0362 

  Semi-
crowded 

0,0989 - 0,0318 - 0,0090  0,1346  

  Crowded -0,0625 0,5773 -0,1978 0,0865 -0,1737 0,1049 -0,3759*** 0,0021 

Trip 
distance 

6 kilometer 0,1507 0,2525 0,4356*** 0,0006 1,8494*** 0,0000 0,2889** 0,0331 

  14 kilometer 0,2343 - 0,1438 - -0,0793  -0,0333  

  22 kilometer -0,3850*** 0,0002 -0,5794*** 0,0000 -1,7702*** 0,0000 -0,2556** 0,0218 

Quality 
public 
transport  

Good -0,0603 0,6120 0,1957 0,0933 0,0624 0,5530 -0,7839*** 0,0000 

  Moderate 0,2192 - -0,0750 - -0,0092  0,2544  

  Bad -0,1589 0,1414 -0,1208 0,2842 -0,0532 0,5832 0,5295*** 0,0000 

  



 
 

62 

Car parking Free -0,5619*** 0,0000 -0,4357*** 0,0001 -0,4789*** 0,0000 -0,5422*** 0,0000 

  € 3,50 0,1184 - 0,0159 - 0,0759  -0,1258  

  € 7,50 0,4435*** 0,0001 0,4198*** 0,0001 0,4030*** 0,0000 0,6680*** 0,0000 

Purpose trip Recreation -0,2379*** 0,0041 -0,0940 0,2569 0,1934*** 0,0045 -0,1124 0,1737 

  Commuting 0,2379 - 0,0940 - -0,1934  0,1124  

Quality bike 
lanes 

Good 0,1454 0,2110 0,1982 0,0791 0,1570 0,1232 0,0021 0,9858 

 Moderate 0,2700 - 0,0891 - 0,1815  -0,2202  

 Bad -0,4154*** 0,0001 -0,2872*** 0,0087 -0,3385*** 0,0005 0,2181** 0,0445 

Constant  -0,9353*** 0,0000 -0,8986*** 0,0000 -0,1314 0,0915 -0,9257*** 0,0000 

p2 0,2112         

LL (0) -4030,0325         

LL (β) -3179,0042         
*** = Significance at 1% level, ** = Significance at 5% level  

 
Figure 25: overview of parameter values per attribute level of transportation mode choice Solar Bike 
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Figure 26: overview of parameter values per attribute level of transportation mode choice e-bike 

 

 

Figure 27: overview of parameter values per attribute level of transportation mode choice regular bike 
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Figure 28: overview of parameter values per attribute level of transportation mode choice bus, metro or tram 

By obtaining the parameter values of the attributes and attribute levels the most preferred choice 

situation and least preferred choice situation are constructed, as illustrated in Table 26. These choice 

situations provide insight in the best and worst situations for choosing a Solar Bike as transportation 

mode. The attributes levels indicated in black have a significance of 5% or lower, whereas factors 

indicated in grey have a significance higher than 5%. 

Table 26: Most and least preferred choice situation for Solar Bike as transportation mode  

Most preferred choice situation Least preferred choice situation 

Congested car traffic jam  Calm car traffic jam 

Less wind and dry Wind and rain 

Daylight Dark 

Secured and free bike parking Unsecured and free bike parking 

Semi-crowded public transport Crowded public transport 

Trip distance of 14 kilometer Trip distance of 22 kilometer 

Moderate quality of public transport Bad quality of public transport 

Car parking for € 7,50 Car parking for free 

Commuting as purpose of trip Recreation as purpose of trip 

Moderate quality of bike lanes Bad quality of bike lanes 

 

 

  



 
 

65 

Classification respondents by transportation mode choice 
Moreover, the results of choice experiment transportation mode choice are used for a classification of 

the respondents. These classifications are based on the preference of respondents for a transportation 

mode. These classes are linked with the socio demographic characteristics and perceptions of 

respondents as well. The classification of respondents is based on the Latent Class Model. This model 

sorts respondents by the observable attribute choices, into a set of N classes which are unknown to 

the analyst (Greene & Hensher, 2003).The output of this model, bases on the Multinomial Logit Model 

of the choice experiment transportation mode choice, is presented in Appendix 15. The preferences 

of respondents for transportation modes Solar Bike, e-bike, regular bike and bus, metro or tram are 

stated in Table 27. Of these four transportation mode, the regular bikes has most preference. The 

classification of respondents by these transportation mode choice and preferences are presented in 

Table 28, with the four classes; car preference, bike and Solar Bike preference, bike and 

bus/metro/tram preference and e-bike preference. The percentage of respondents classified in class 1, 

car preference is 34%, 26% of respondents prefer a bike and solar bike (class 2), 26% of the respondents 

a bike and bus/metro/tram (class 3) and 13% of the respondents an e-bike (class 4) as a transportation 

mode.  

Table 27: Transportation mode preference of respondents, amount of respondents n=285 

Transportation mode Parameter value Significance 

E-bike -1,0602*** 0,0000 

Regular bike 0,0104 0,8384 

Bus, metro or tram -0,8258*** 0,0000 

Solar Bike -0,7372*** 0,0000 
p2 0,0599  
LL (0) -4030,0325  
LL (β) -3788,51776  

*** = Significance at 1% level, ** = Significance at 5% level 

 

Table 28: Transportation mode classes with corresponding parameter values, these represents the 

preference for that transportation mode.  Amount of respondents n=285 

Transportation classes Parameter value Significance 

Class 1: Car preference   

E-bike -3,7602*** 0,0000 

Regular bike -0,9732*** 0,0000 

Bus, metro or tram -2,4410*** 0,0000 

Solar Bike -1,2452*** 0,0000 

Class 2: Bike and Solar Bike preference   

E-bike -0,0075 0,9765 

Regular bike 1,6482*** 0,0000 

Bus, metro or tram -1,3225*** 0,0000 

Solar Bike 1,0318*** 0,0000 

Class 3: Bike and bus/metro/tram preference   

E-bike -1,1154*** 0,0000 

Regular bike 0,4713*** 0,0055 

Bus, metro or tram 0,7949*** 0,0000 

Solar Bike -0,9477*** 0,0011 

Class 4: E-bike preference   

E-bike 0,4429*** 0,0071 

Regular bike -0,4495 0,0697 

Bus, metro or tram -2,1148*** 0,0000 

Solar Bike -3,8456*** 0,0001 
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Estimated latent class probabilities   

Class 1: Car preference 0,3449*** (34%) 0,0000 

Class 2: Bike and Solar Bike preference 0,2618*** (26%) 0,0000 

Class 3: Bike and bus/metro/tram preference 0,2629*** (26%) 0,0000 

Class 4: E-bike preference 0,1304*** (12%) 0,0000 
p2 0,1511  
LL (0) -4030,0325  
LL (β) -3420,9345  

*** = Significance at 1% level, ** = Significance at 5% level 

Of all 258 respondents, 69 respondents are classified for class 2 bike and Solar Bike preference. The 

socio demographic characteristics can have a positive or negative influence on respondents being 

classified for class 2. Table 29 shows the socio demographic characteristics and the link with the four 

transportation mode classes. The socio demographic characteristics nationality, occupation, household 

structure, number of cars in household, e-bike ownership, public transport card, age group and daily 

distance travelled have a significance below 5% and are therefore significant and relevant 

characteristics for this study. Within the socio demographic characteristic nationality, a high amount 

of respondents (23%) are classified for class 3 bike and bus, metro or tram preference in comparison 

to the other three classes. This suggest that of the respondents who do not have a Dutch nationality, 

most of these respondents are likely to be classified for class 3 bike and bus, metro or tram preference. 

For the socio demographic characteristics occupation, the amount of students classified for class 2 bike 

and Solar Bike preference is much lower (6%) in comparison to the other three transportation modes. 

Such as, for class 3 bike and bus, metro or tram preference students are most likely to be classified 

(16%). A possible explanation for this can be that students own a public transport card with tree travel 

subscription (for weekend or weekdays), and are more likely to choose public transport as 

transportation mode. This is in contrast with people who work part-time, where a low amount of 

respondents (8%) working part-time is classified for class 3 bike and bus, metro or tram preference. 

For the socio demographic characteristics household structure, a low amount of respondents which 

are single (13%) are classified for class 2 bike and solar bike preference, in comparison to other 

transportation modes. A high amount of respondents with families, couple or single parent with 

children, (42%) are more likely to be classified for class 2 bike and Solar Bike preference. Remarkable 

is the high amount of respondents with a family (55%) classified for class 4 e-bike preference.  

When looking at the socio demographic characteristics related to transportation conditions several 

differences are noticeable. The socio demographic characteristics number of cars in household shows 

a high amount of respondents with only one cars available in their household (55%) classified for class 

2 bike and Solar Bike preference. Thus, respondents which have only one car available in their 

household are still likely to be classified for a bike a solar bike preference transportation class. E-bike 

ownership has, as may seem evident, a positive influence in being classified for class 2 bike and Solar 

Bike preference and class 3 e-bike preference. For the ownership of a public transport card, 

respondents which have no public transport card are more likely to be classified for class 2 Bike and 

Solar Bike preference and class 4 e-bike preference. 

Of the respondents which are classified for class 2 bike and Solar Bike preference, a low amount of 

respondents are of the age group 18 - 34 years (29%) compared to a high amount of respondents of 

the age group 18 -34 years (61%) for class 3 bike and bus, metro or tram preference. Within class 2 

bike and Solar Bike preference, a high amount of respondents are of the age group 50+ (38%) 

compared to the other three transportation classes. For example, within class 3 bike and bus, metro 

or tram preference a low amount of respondents are in the age group 50+ (23%). For the socio 

demographic characteristic daily distance travelled to work or school, a large amount of respondents 

classified for class 2 bike and Solar Bike preference have a daily distance travelled between 7-12 
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kilometer (25%). This is a noticeable difference in comparison with the low amount of respondents 

which have a daily distance travelled of 7-12 kilometer (3%) classified for class 3 bike and bus, metro 

or tram preference. Remarkable for the class 3 bike and bus, metro or tram preference is the large 

amount of respondents which have a daily distance travelled of 0 – 6 kilometer (50%) or higher than 

25 kilometer (39%). Respondents which are classified for class 4 e-bike preference, a large percentage 

of respondents within this class have a daily distance travelled of 13 – 18 kilometer (23%) or higher 

than 25 kilometer (29%). 

Table 29: Overview of socio demographic characteristics which influence the classi fication of 

respondents for transportation classes . Green marked boxes represents a positive value towards Solar 

Bikes, red boxes a negative value towards Solar Bikes, and yellow a notable value towards Solar Bikes.  

Amount of respondents n=258.  

Socio demographic 
characteristic and level 

Amount of respondents per class Pearson 
Chi-Square 
 

Significance 
 

1 Car 
preference 

2 Bike and 
Solar Bike 
preference 

3 Bike and 
bus, metro 
or tram 
preference 

4 E-bike 
preference 

Gender     3,113 0,375 

Male 49 43 33 20   

Female 45 26 31 11   

Nationality     9,125 0,028** 

Dutch 86 (92%) 63 (91%) 49 (77%) 26 (84%)   

Otherwise 8 (9%) 6 (9%) 15 (23%) 5 (16%)   

Gross personal income     5,055 0,168 

Below € 2.700 45 27 37 13   

Higher than € 2.700 49 42 27 18   

Education     9,136 0,166 

Secondary 14 3 4 2   

Higher (hbo, bachelor, 

master, phd) 
79 64 60 28 

  

Otherwise 1 2 0 1   

Occupation     17,270 0,045** 

Unemployed or retired 5 (5%) 5 (7%) 1 (2%) 0 (0%)   

Student 15 (16%) 4 (6%) 13 (20%) 4 (13%)   

Working (part-time, less 
or equal to 32 hours) 

22 (24%) 17 (25%) 5 (8%) 6 (19%) 
  

Working (full-time, more 
than 32 hours) 

52 (56%) 43 (62%) 45 (70%) 21 (68%) 
  

Household structure     18,263 0,006*** 

Single (without children) 25 (27%) 9 (13%) 19 (30%) 9 (29%)   

Couple (without 
children) 

36 (39%) 31 (45%) 31 (48%) 5 (16%) 
  

Family (couple or single 
parent with children) 

33 (35%) 29 (42%) 14 (22%) 17 (55%) 
  

Driving license     1,671 0,643 

Yes 89 64 58 30   

No 5 5 6 1   
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Number of cars in 
household 

    20,793 0,002*** 

None 18 (19%) 12 (17%) 27 (42%) 6 (19%)   

One 40 (43%) 38 (55%) 28 (44%) 14 (45%)   

Two or more 36 (39%) 19 (28%) 9 (14%) 11 (35%)   

Bike ownership     1,049 0,789 

Yes 93 67 62 30   

No 1 2 2 1   

E-bike ownership     8,193 0,042** 

Yes 6 (6%) 7 (10%) 4 (6%) 7 (23%)   

No 88 (95%) 62 (90%) 60 (94%) 24 (77%)   

Public transport card     14,705 0,002*** 

Regular card with or 
without subscriptions 

70 (75%) 45 (65%) 58 (91%) 19 (61%)   

No card 24 (26%) 24 (35%) 6 (9%) 12 (39%)   

Amount of exercise     19,975 0,068 

0 – 45 minutes 5 4 3 1   

46 - 90 minutes 17 9 5 5   

91 - 135 minutes 13 9 11 12   

136 -  180 minutes 15 8 14 1   

> 180 minutes 44 39 31 12   
BMI     10,086 0,121 

18 – 25 63 53 51 17   

26 – 30 23 13 12 11   

31 + 7 2 1 3   

Age group     17,887 0,007*** 

18 - 34 42 (45%) 20 (29%) 39 (61%) 11 (35%)   

35 - 49 24 (26%) 23 (33%) 10 (16%) 13 (42%)   

50 + 28 (30%) 26 (38%) 15 (23%) 7 (23%)   

Daily distance travelled 
to work or school 

    32,017 0,001*** 

0-6 kilometer 39 (42%) 31 (45%) 32 (50%) 13 (42%)   

7-12 kilometer 20 (22%) 17 (25%) 2 (3%) 2 (6%)   

13-18 kilometer 8 (9%) 3 (4%) 3 (5%) 7 (23%)   

19-24 kilometer 6 (6%) 2 (3%) 2 (3%) 0 (0%)   

25+ kilometer  20 (22%) 16 (23%) 25 (39%) 9 (29%)   

Total amount of 
respondents per class 

93 69 64 31   

*** = Significance at 1% level, ** = Significance at 5% level 

To test the influence of the transportation classes and the difference between the perception scores, 

an ANOVA analysis is conducted. The influence of the perception topics e-bike, Solar Bike, 

Sustainability and Innovation related to the transportation classes are in Table 30 presented. The 

significance value are all fairly high and therefore less significant difference is noticeable between the 

classes and the perception influence. 
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Table 30: Influence of total perception score on the four different transportation classes , amount of 

respondents n=258 

Descriptive Amount Average 
total score 

F value Significance 

Total score e-bike Car preference 94 20,11 1,269 0,285 

Bike and Solar Bike preference 69 20,13 

Bike and bus/metro/tram 
preference 

64 21,33 

E-bike preference 31 20,26 

Total 258 20,43 

Total score Solar 
Bike 

Car preference 94 17,12 2,491 0,061 

Bike and Solar Bike preference 69 16,81 

Bike and bus/metro/tram 
preference 

64 18,55 

E-bike preference 31 17,84 

Total 258 17,48 

Total score 
sustainability 

Car preference 94 22,22 0,986 0,400 

Bike and Solar Bike preference 69 21,68 

Bike and bus/metro/tram 
preference 

64 22,42 

E-bike preference 31 21,32 

Total 258 22,02 

Total score 
innovation 

Car preference 93 2,99 0,244 0,865 

Bike and Solar Bike preference 69 3,01 

Bike and bus/metro/tram 
preference 

64 2,91 

E-bike preference 31 2,87 

Total 257 2,96 

 

6.5 Conclusion 
In this chapter the results of the survey are presented in which the following research sub-questions 

are addressed: 

Q4: What influence have certain factors on the acceptance of Solar Bikes, and does this correspond 

with the assumptions made in the conceptual model? 

Q5: Which characteristics of respondents have most influence on the product acceptance, based on the 

results of the factor variables? 

The results of the influence of the factors, used in the choice experiment purchase intention of the 

survey, are discussed in section 6.3. The importance of these factors, or in other words the estimation 

of the parameters of the attributes and attribute levels, are based on the ordered logit model. It shows 

that the factors trip distance, quality bike lane and price of bicycle have most influence on purchasing 

an e-bike or Solar Bike. The significant attributes levels, which have positive influence on purchasing 

an e-bike or solar bike are; trip distance of 14 kilometer, good quality of bike lanes, bad quality of public 

transport, car parking for €7,50, price of €2.000 and weight 20-24 kg. The additional questions related 

to the purchase intention state that approximately 10% of the respondents are likely to purchase a 

Solar Bike, and almost half of the respondents (44%) will use a Solar Bike for both commuting and 

recreation.  
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The results of the choice experiment purchase intention are correlated with the socio demographic 

characteristics and perceptions of respondents, in order to distinguish segments within the 

respondents. First, the socio demographic characteristics and perceptions of respondents are linked 

with the general intention of purchasing a Solar Bike (Question 2.1). The significant socio demographic 

characteristics and perception attitude of respondents on buying a Solar Bike are; a positive attitude 

towards Solar Bike and Innovation, unemployed or retired, ownership of a regular bicycle and a daily 

distance travelled of 7 -12 kilometer. Especially occupation has a high influence on the general 

intention to purchase a Solar Bike. 

The influence of the factors, used in the choice experiment transportation mode choice, is presented 

in section 6.4. The estimation of the parameters is conducted by the multinomial logit model. By this 

model the most important factors for choosing the solar bike as transportation mode are; weather, 

type of day and car parking. The attribute levels which contribute most in choosing the Solar Bike as 

transportation mode are; congested car traffic jam, less wind and dry, daylight and car parking of 

€7,50. Moreover, the socio demographic characteristics and perceptions of respondents are linked 

with the choices made by respondents in the choice experiment transportation mode choice. The 

respondents are categorized into four different classes; car preference, bike and Solar Bike preference, 

bike and bus/metro/tram preference and e-bike preference. It was found that the highest number of 

respondents (34%) is classified in class 1 car preference. The second class, bike and Solar Bike 

preference, consists of 26% of the respondents. The significant and relevant socio demographic 

characteristics and perceptions of respondents related to the four transportation classes are 

nationality, occupation, household structure, number of cars in household, e-bike ownership, public 

transport card, age group and daily distance travelled. Remarkable are the positive influences of 

respondents which have a family (couple or single parent with children), one car available in 

household, no public transport card, age group 50+ and a daily distance travelled of 7-12 kilometer for 

class 2 bike and Solar Bike preference. 

It can be concluded that there is a substantial difference between the most important factors 

influencing purchase intention and the factors influencing transportation mode choice of respondents. 

For the purchase of Solar Bikes, trip distance of 14 kilometer and a good quality of bike lanes are 

important factors, whereas these factors are not the most important for choosing the Solar Bikes as 

transportation mode. For choosing the Solar Bike as a transportation mode the factors less wind and 

dry, and daylight are of most influence. Moreover, the socio demographic characteristics and 

perceptions differ for purchasing a Solar Bike and choosing a Solar Bike as transportation mode. For 

the general purchase intention of a Solar Bike the socio demographic characteristic unemployed and 

retired, and perceptions toward innovation are of most influence. The socio demographic 

characteristics and perceptions for being classified for transportation class 2, bike and Solar Bike 

preference, are the factors family, one car available in household, no public transport card, age group 

of 50+ and daily distance travelled of 7-12 kilometer of most significance. 
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7 Conclusion and recommendations 

 

This chapter provides a conclusion of this research which will form an answer to the main research 

question. Recommendations for further research to Solar Bikes, to increase the product success, also 

complements this chapter. First, a summary of the sub-questions and provided answers to these sub-

questions are given. This summary provides insight in answering the research question, and is 

presented in Section 7.1. Moreover, this section includes several recommendations to increase the 

product success of Solar Bikes. In Section 7.2 an evaluation of this research and suggestions for further 

research are provided. 

7.1 Research question 
The main research question of this research is: 

Which factors influence the product acceptance of Solar Bikes the most, and which recommendations 

can be made to improve the chance of success of accepting this product? 

To answer this question, the answers to the sub-questions will be discussed first. By performing a 

literature review and development of a survey, these sub-questions are addressed. In the following 

paragraphs an overview of these sub-questions and answers are presented. 

Literature study 
The first sub-question addresses the product acceptance. A literature study on product acceptance 

provided a strategy to increase the product acceptance of Solar Bikes. This strategy should include a 

market research to determine the customer needs. Collaboration with potential customers could be 

beneficial to identify the customer needs, but care should be taken as customers also have several 

shortcomings (e.g. lack of know-how). Also, a high customer value should be ensured, and the 

customer value of the Solar Bike needs to exceed its competition. Finally, the required behavioral 

change of customers should be low, since a high need for behavioral change leads to high resistance 

of customers.  

Additionally, a literature study provided the most important factors influencing cycling, and also 

provided insight of the influence of psychosocial and environmental factors on cycling. A selection of 

factors is chosen and categorized in five different groups: socio demographic characteristics, product 

specifications, mobility, urban environment and user’s perceptions. The conceptual model of this 

research shows the connections and links between these factors, and shows the most important 

aspects influencing the product acceptance of Solar Bikes. The model shows that the purchase 

intention and the transportation use will have most influence and contribute the most in the product 

acceptance of Solar Bikes. These five factors groups will subsequently have influence on the purchase 

intention and transportation use. The assumptions made in the conceptual model are verified with the 

results of the survey. 

Survey development 
The survey is based on the stated choice method, which measures the preferences and choices of 

people from the results of the survey of this research. This method consists of choice situations in 

which one or several profiles are presented, and within these profiles attributes and its attribute levels 

are displayed. By letting respondents choose a profile, the influence and importance of attributes and 

attribute levels can be calculated from the results of the survey. A fractional factorial design ensured 
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that no correlations are possible between attribute levels. A framework, based on the conceptual 

model, was used for the survey, dividing the survey in four different parts; social demographic 

characteristics (part 1), purchase intention (part 2), transportation mode choice (part 3) and users’ 

perceptions (part 4). For the socio demographic characteristics (part 1), data is collected by asking the 

respondent questions related to their personal characteristics. For the second and third part data is 

collected via two choice experiments. The fourth part of the survey consists of collected data about 

statements related to several subjects, such as sustainability and innovation. 

Results 
The survey was distributed through several channels, which resulted in a total of 256 completed 

surveys. An overview of the respondents is formed through the socio demographic characteristics and 

perceptions of respondents. Within the socio demographic characteristics, a slightly higher number of 

people are between 18 - 34 years (44%), compared to people between 35 - 49 years (27%) and people 

above 50 years (29%). Moreover, most respondents have a higher education level (89%) in comparison 

with a secondary education (9%). The perceptions of respondents towards the topics e-bike, Solar Bike, 

sustainability and innovation, are measured by combining the total scores of respondents. This 

resulted in slightly more positive attitude towards Solar Bikes and sustainability, compared to attitudes 

towards e-bikes and innovation. The preparation of the data of the survey is done by effect coding of 

the attributes. By coding these attributes, the influence of these attributes can be determined in the 

analysis of the choice experiments. 

The results of the two choice experiments revealed the most important factors influencing purchase 

intention and transportation mode choice of respondents. For the choice experiment purchase 

intention, the importance of these factors was estimated by the ordered logit model. This model 

showed that within the choice experiment purchase intention, trip distance of 14 kilometer and a good 

quality of bike lanes are the most important factors. The socio demographic characteristic unemployed 

and retired, and a positive attitude towards innovation are of most influence for the general purchase 

intention of a Solar Bike. For the second choice experiment transportation mode choice, the 

multinomial logit model was used. Results of this model showed that for choosing the Solar Bike as a 

transportation mode the factors less wind and dry, and daylight are of most influence. It was shown 

that for having a preference for a bike and Solar Bike as transportation mode, the socio demographic 

characteristics family (couple or single parent with children), one car available in household, no public 

transport card, age group 50+ and a daily distance travelled of 7-12 kilometer are most significant.  

Recommendations 
Based on the results of the survey, several recommendations can be made. By focusing on the most 

influential (positive and negative) factors and characteristics of respondents, the product acceptance 

can be increased. Specifically, a good quality of bike lanes significantly positively influences the 

intention to purchase an e-bike or Solar Bike. Also, free car parking has a significant negative influence 

on choosing a Solar Bike as transportation mode. Therefore, to stimulate using Solar Bikes as 

transportation mode, municipalities could focus on improving quality of bike lanes or enforce paid car 

parking. By stimulating e-bikes and Solar Bikes, municipalities contribute to a reduction of greenhouse 

emissions (normally caused by transportation by car), and the resulting health benefits. 

For the developers of the Solar Bike, focus should lie on the characteristics of the respondents to form 

a marketing and sales strategy. The results of the survey show that several socio demographic 

characteristics and perceptions of respondents highly influence the purchase intention and usage of 

Solar Bikes. By adapting the Solar Bike (and sales strategy) to the characteristics and perceptions of 

these respondents, the chance of product success will increase. From the analysis it was found that 

marketing and sales strategies should be aimed at people who are of age group 50+. The Solar Bike 
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developers could for example work together with organizations or magazines that focus on these 

groups to promote their product to these people. Another important factor that was found to influence 

the purchase of a Solar Bike is the trip distance of approximately 14 kilometer. In their marketing 

strategy the developers could focus on people that live further away from a large city (for Eindhoven 

for example on villages like Helmond or Valkenswaard). Based on the large influence of the type of 

weather (less wind & dry), the promotion of Solar Bikes should be mainly focused on the spring and 

summer seasons, and avoid the winter season. On the other hand, focus could lie on countries with 

weather conditions that are preferred when cycling (e.g. dry and less wind). Further research could 

aim at cycling possibilities in countries which have these weather conditions. For design aspects of the 

Solar Bike, the developers should aim to develop a bike with a low weight. Specifically, in the range of 

20 to 24 kg, as it was found that larger weights have a negative influence on product acceptance. The 

best price setting for a Solar Bike would be a lower price amount. For example, around € 2.000, as it 

was found in this study that higher prices negatively influence the purchase intention. 

However, further research can be done to find what adjustments are needed for the Solar Bike to 

connect with this respondent group. A customer focus study in a group of people that travel 

approximately 14 kilometer a day could deliver more detailed information on what adjustments are 

desired by respondents which have a positive attitude toward innovation. In this way, developers could 

adjust and target the Solar Bike to the consumers with the highest purchase intention. 

Addressing the main research question 
Above-presented overview of the answers to the sub-questions of this research provides insight for 

answering the main research question. By collecting the most important finding of these answers the 

main research question can be answered: 

Which factors influence the product acceptance of Solar Bikes the most, and which recommendations 

can be made to improve the success of accepting this product? 

The product acceptance of Solar Bikes, or the success rate of this product in the market, is influenced 

by the purchase intention and transportation mode choice of respondents. This purchase intention 

and transportation mode choice are subsequently influenced by several factors. The most important 

and influential factors are found based on the results of a survey, which are; trip distance of 14 

kilometer, good quality of bike lanes, less wind & dry and daylight. Additionally, the following socio 

demographic characteristic and perceptions of respondents have most positive influence on the 

product acceptance of Solar Bikes; a positive attitude towards innovation, unemployed or retired, 

family (couple or single parent with children), one car available in household, no public transport card, 

age group 50+ and a daily distance travelled of 7-12 kilometer. Figure 29 shows the conceptual model 

that was used for this research, and the most important factors are indicated in yellow. From the 

results of this analysis, several recommendations can be made. First, municipalities can increase the 

product acceptance of Solar Bikes by improving the quality of bike lanes and enforcing paid car parking. 

Second, the developers of the Solar Bike could adjust the product to the characteristics and 

perceptions of respondents, by for example making it easy to use for the age group 50+, or tailoring 

their marketing campaign to specific user groups and seasons.  
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Figure 29: Conceptual model showing all factors tested in the survey. The most important significant  

factors are highlighted in yellow.  

7.2 Evaluation 
At the end of this research, several recommendations for further research are given. The number of 

respondents of the survey is sufficient to draw significant conclusions, however a larger pool of 

respondents (e.g. nationwide) could be used to verify the factors found in this research that influence 

the product acceptance of Solar Bikes. The diversity among the socio demographic characteristics of 

the respondents was well distributed for most characteristics. However, the diversity in gross income 

and education level was low; most respondents have a high personal gross income and high education 

level. For a better representation of the total population, and to get data from more possible users of 

the Solar Bike, a higher diversity of the gross income and education level would be needed.  

Furthermore, the Solar Bike is a new product that many respondents have not seen in real-life or heard 

of before. Therefore, it could be difficult for respondents to imagine using this type of bicycle or 

purchasing this type of product. Also, the natural resistance of respondents towards a totally new 

product, as discussed in the literature review of chapter 2, could result in a negative attitude towards 

the product acceptance of a Solar Bike. To study this effect and the possible influence, further research 

could focus on gathering data from a second group of respondents, who have used and tested a Solar 

Bike.  

  



 
 

75 

The choice experiment related to the purchase intention of respondents provided significant results 

and insight in the most influential factors. However, the transportation mode choice experiment 

resulted in less significant factors. Possibly, this could derive from the different choice options of the 

two choice experiments. Whereas the choice experiment concerning the purchase intention of an e-

bike or Solar Bike is not very complicated (likelihood of purchasing), the choice of choosing a 

transportation mode can be experienced as more complicated due to the high variety of choice option 

(6 transportation modes could be chosen). To explain this difference between the amounts of 

significant factors in the two choice experiments, further research is needed.   
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Appendix 2: Experimental design of choice experiments  
 

Purchase intention 

 

  

Travel 

distance 

(one-way)

Type and 

quality bike 

lanes

Public 

transport 

quality  

Bike parking 

(price and 

security)

Car parking 

(price and 

security)

Type of 

bicycle Price Weight

Colum 1 2 5 6 10 11 (2 levels) 12 13

1 0 0 0 0 0 0 0 0

2 0 0 1 1 1 0 1 2

3 0 0 2 2 2 1 2 1

4 0 1 0 0 1 1 2 2

5 0 1 1 1 2 0 0 1

6 0 1 2 2 0 0 1 0

7 0 2 0 0 2 0 1 1

8 0 2 1 1 0 1 2 0

9 0 2 2 2 1 0 0 2

10 1 0 0 1 1 1 1 1

11 1 0 1 2 2 0 2 0

12 1 0 2 0 0 0 0 2

13 1 1 0 1 2 0 0 0

14 1 1 1 2 0 1 1 2

15 1 1 2 0 1 0 2 1

16 1 2 0 1 0 0 2 2

17 1 2 1 2 1 0 0 1

18 1 2 2 0 2 1 1 0

19 2 0 0 2 2 0 2 2

20 2 0 1 0 0 1 0 1

21 2 0 2 1 1 0 1 0

22 2 1 0 2 0 0 1 1

23 2 1 1 0 1 0 2 0

24 2 1 2 1 2 1 0 2

25 2 2 0 2 1 1 0 0

26 2 2 1 0 2 0 1 2

27 2 2 2 1 0 0 2 1
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Transportation mode choice 

   

Trave
l 

d
istan

ce
 (o

n
e

-

w
ay)

P
u

rp
o

se
 o

f 

trip
W

e
ath

e
r

Typ
e

 o
f d

ay

Typ
e

 an
d

 

q
u

ality b
ike

 

lan
e

s

P
u

b
lic 

tran
sp

o
rt 

q
u

ality

C
ro

w
d

e
d

n
e

ss 

p
u

b
lic 

tran
sp

o
rt

B
ike

 p
arkin

g
C

ar p
arkin

g

C
ar traffic 

jam
s

C
o

lu
m

1
2 (tw

o
 le

ve
ls)

5
6 (tw

o
 le

ve
ls)

7
8

10
11

12
13

1
0

0
0

0
0

0
0

0
0

0

2
0

0
1

1
2

1
1

2
1

2

3
0

0
2

0
1

2
2

1
2

1

4
0

1
0

0
0

1
1

1
2

2

5
0

1
1

1
2

2
2

0
0

1

6
0

1
2

0
1

0
0

2
1

0

7
0

0
0

0
0

2
2

2
1

1

8
0

0
1

1
2

0
0

1
2

0

9
0

0
2

0
1

1
1

0
0

2

10
1

0
0

1
1

0
1

1
1

1

11
1

0
1

0
0

1
2

0
2

0

12
1

0
2

0
2

2
0

2
0

2

13
1

1
0

1
1

1
2

2
0

0

14
1

1
1

0
0

2
0

1
1

2

15
1

1
2

0
2

0
1

0
2

1

16
1

0
0

1
1

2
0

0
2

2

17
1

0
1

0
0

0
1

2
0

1

18
1

0
2

0
2

1
2

1
1

0

19
2

0
0

0
2

0
2

2
2

2

20
2

0
1

0
1

1
0

1
0

1

21
2

0
2

1
0

2
1

0
1

0

22
2

1
0

0
2

1
0

0
1

1

23
2

1
1

0
1

2
1

2
2

0

24
2

1
2

1
0

0
2

1
0

2

25
2

0
0

0
2

2
1

1
0

0

26
2

0
1

0
1

0
2

0
1

2

27
2

0
2

1
0

2
0

2
2

1
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Appendix 3: Attribute description and levels socio demographic characteristics 
 

Attributes selected for 
questionnaire part 1 

Question: Levels 

Age What is your age? 18 – __________ 

Gender What is your gender? [1] Male, [2] Female 

Weight What is your body weight? __________ kg 

Length What is your body length? __________ cm 

Nationality What is your nationality? [1] Dutch, [2] Otherwise: ___ 

Country In which country do you live? [1] Netherlands, [2] Otherwise: ____ 

Zip code place of residence What is the zip code of your place of 
residence? 

__________ 

Gross income per month What is your personal gross income 
per month? 

[1] € 0 - € 1.000, [2] € 1001 - € 1.900, 
[3] €1901- € 2.700, [4] € 2701 - € 
3.500, [5] > € 3.500 

Education level What is your highest level of 
education? 

[1] Primary school, [2] Secondary 
school, [3] Tertiary school, 
[4] Vmbo, [5] Havo, [6] Vwo, [7] Mbo, 
[8] Hbo or WO bachelor, [9] WO 
master, [10] Doctor (PhD) [11] 
Otherwise, … 

Occupation What is your main occupation? [1] Unemployed, [2] Student, [3] 
Working (part-time < 32 h) [4] 
working (full-time >32 h), [5] Retired 

Household structure What is your household structure? [1] Single (without children), [2] 
Single parent, [2] Couple (without 
children), [3] Family with children 

Driving license Do you have a driving license? [1] Yes, [2] No 

Cars in household How many cars are in your 
household? 

[1] None, [2] One, [3] Two or more 

Bike ownership Do you own a regular bicycle? [1] Yes, [2] No 

E-bike ownership Do you own an e-bike? [1] Yes, [2] No 

Public Transport card (OV-
kaart) 

Which type of public transport card 
do you have? 

[1] Regular card with no discount 
subscriptions, [2] Card with discount 
subscriptions or free travel, [3] No 
card 

Daily distance travelled to 
work or school (km) 

What is your daily distance travelled 
to work or school?  

__________ km 

Sportive How much time do you spend 
exercising during the week?  
Walking and cycling included  

[1] 0 – 45 minutes, [2] 46 - 90 
minutes, [3] 91 - 135 minutes, [4] 136 
-  180 minutes, [5] > 180 minutes 
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Additional questions: 

1. How often do you use the following modes of transport?  

 (hardly) 
never 

<1 time a 
month 

1 time a 
month 

2 or 3 x a 
month 

1 time a 
week 

2 or 5 
times a 
week 

(almost) 
every day 

Car               

Train               

Bus/Tram/Metro               

Regular bike               

E-bike               

Taxi               

Walk > 5 min               

 

2. Which transport mode do you prefer the most in the following situations: 

 Car Motor Regular 
Bicycle 

E-bike Train Bus/ 
Tram/ 
Metro 

Walk Not 
applica
ble 

Going to work                 

Going on a 
business trip 

                

Going to 
school/university 

                

Daily goods 
shopping 

                

Shopping                 

Visiting someone                 

Going 
out/clubbing 

                

Going on a day 
trip 

                

Going to sport                 
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Appendix 4: Attribute description and levels purchase intention 
 

Factor group Attributes  Explanation Levels 

Mobility Trip distance This is the presented travel distance of a one way 
trip, with the levels 6, 16 and 22 km. 

[1]  6 km, [2]  14 km, 
[3] 22 km 

Urban 
Environment 
circumstances 

Type and 
quality bike 
lanes 

The overall type and quality of bike lanes in the 
presented situation. Whereas good means a 
separate bike path unconnected to the road, 
moderate a bike lane along and connected to the 
road, and bad a road with no bike lane and cycling 
only possible on the road. 
 

[1] Bad, [2] 
Moderate, [3] Good  

 Public 
transport 
quality 

The quality of the public transport, expressed in 
frequency and amount of changes. Whereas bad 
means a low frequency and high amount of 
changes, for example a bus frequency of 1 bus per 
hour and with 3 changes (bus -> metro-> bus -> 
walk). Moderate is equal to a moderate frequency 
and changes, such as a bus frequency of 1 bus per 
half hour and 2 changes (metro -> walk -> bus). 
Good indicated a high frequency and low changes, 
such as a bus frequency of 1 bus per 15 min and 1 
change (bus -> walk). 

[1] Bad, [2] 
Moderate [3] Good 

 Bike parking The security level and price of the presented bike 
parking. Whereas the first level indicates free 
parking on own risk, second level secured parking 
for free, and the third level secured parking with 
additional fee (€1 per day). 

 [1] Free parking on 
own risk, [2] Secured 
parking for free, [3] 
Secured parking with 
additional fee (€1 
per day) 

 Car parking The price of the presented car parking. Whereas the 
first level indicates free parking, second level 
parking for € 3,75 , and the third level parking for € 
7,50. 

[1] Free parking, [2] 
Parking for € 3,75 , 
[3] Parking for € 7,50 

Product 
specifications 

Type of 
bicycle 

The presented type of bicycles, a Solar Bike or e-
bike. Whereas the Solar bike has an ‘unlimited’ 
battery range because of the solar panels located 
in the front wheel. The E-bike in this questionnaire 
is regular type of e-bike, whereas the battery range 
is 100 km and the motor 25 Nm. 

[1] Solar bike, [2] E-
bike  

 Price The price for the presented type of bicycle, with 
the levels € 2000, €2500 and € 3000  

[1] € 2000, [2] € 2500 
[3] € 3000 

 Weight The weight of the presented type of bicycle, with 
the levels 20-24 kg, 25-29 kg and 30-35 kg. 

[1] 20-24 kg, [2] 25-
29 kg, [3] 30-35 kg 
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Purchase intention – Additional questions 

 

1. In general, how likely are you to buy a Solar Bike? 

 Almost certainly not 

 Very unlikely      

 Unlikely     

 Neither likely or unlikely        

 Likely 

 Very likely 

 Almost certain 

 

1. If you would like to buy a solar bike, for which purpose would you buy it? 

 Recreation 

 Commuting 

 Otherwise: 

 

 

2. Which purchase option would you prefer? 

 A lease construction, such as €80 per month for a solar bike, insurance and maintenance 

service  

 One-time purchase, such as € 2.500 one-time without insurance and maintenance service  
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Appendix 5: Attribute description and levels transportation mode choice 
 

 Factor group Attributes Explanation Levels 

Mobility Trip distance This is the presented travel distance of a one way 
trip, with the levels 6, 16 and 22 km. 

[1]  6 km, [2]  14 km, 
[3] 22 km 

 Purpose of 
trip 

The purpose of the trip, with the levels commuting 
and recreation 

[1] Commuting, [2] 
Recreation 

Urban 
Environment 

Weather The weather conditions in the presented situation, 
with the levels windy & rainy, little wind & rain and 
little wind & dry. 

[1] Windy & rainy [2] 
Little wind & rain [3] 
Little wind & dry  

 Type of  day The type of day in the presented situation, with the 
levels daylight and dark. 

 [1] Daylight, [2] Dark 

 Type and 
quality bike 
lanes 

The overall type and quality of bike lanes in the 
presented situation. Whereas good means a 
separate bike path unconnected to the road, 
moderate a bike lane along and connected to the 
road, and bad a road with no bike lane and cycling 
only possible on the road. 
 

[1] Bad, [2] Moderate, 
[3] Good  

 Public 
transport 
quality 

The quality of the public transport, expressed in 
frequency and amount of changes. Whereas bad 
means a low frequency and high amount of 
changes, for example a bus frequency of 1 bus per 
hour and with 3 changes (bus -> metro-> bus -> 
walk). Moderate is equal to a moderate frequency 
and changes, such as a bus frequency of 1 bus per 
half hour and 2 changes (metro -> walk -> bus). 
Good indicated a high frequency and low changes, 
such as a bus frequency of 1 bus per 15 min and 1 
change (bus -> walk). 

[1] Bad, [2] Moderate 
[3] Good 

 Crowdedness 
public 
transport 

The crowdedness of the public transport facilities, 
determined by amount of seating place available. 
Whereas crowded means a small chance of seating 
place available, semi-crowded some seating place 
available and calm plenty of seating place 
available. 

[1] Crowded, [2] Semi-
crowded, [3] Calm  
 

 Bike parking The security level and price of the presented bike 
parking. Whereas the first level indicates free 
parking on own risk, second level secured parking 
for free, and the third level secured parking with 
additional fee (€1 per day). 

 [1] Free parking on 
own risk, [2] Secured 
parking for free, [3] 
Secured parking with 
additional fee (€1 per 
day) 

 Car parking The price of the presented car parking. Whereas 
the first level indicates free parking, second level 
parking for € 3,75 , and the third level parking for € 
7,50. 

[1] Free parking, [2] 
Parking for € 3,75 , [3] 
Parking for € 7,50 
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 Car traffic 
jams 

The amount of car traffic jams with its 
corresponding time delay. Whereas the first level 
calm indicates no car traffic jams with no delay, 
moderate car traffic jams with ± 10 min delay in 
total, and busy car traffic jams with ± 20 min delay 
in total. 

[1] Calm (± 0 min 
delay), [2] Moderate 
(± 10 min delay), [3] 
Congested (± 20 min 
delay) 
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Appendix 6: Statements of subjects e-bike, Solar Bike, car, mobility, sustainability 

and innovation 
 

E-bike perceptions 

1. An e-bike looks highly sensitive and vulnerable object  

2. The image of an e-bike equals elderly  

3. The image of an e-bike equals non-sportive people 

4. An e-bike is a trendy and innovative product 

5. The fact that e-bikes are often stolen, makes buying an e-bike less attractive 

6. An e-bike contributes to a healthier lifestyle and daily exercise 

7. An e-bike contributes to a more sustainable and greener world 
 

Solar bike perceptions 

1. A solar bike would give me a high amount of flexibility and freedom of movement, because charging 

is unnecessary  

2. A solar bike looks highly sensitive and vulnerable object 

3. The image of a solar bike equals elderly  

4. The image of an solar bike equals non-sportive people 

5. A solar bike is a trendy and innovative product 

6. The fact that e-bikes are often stolen, makes buying a solar bike less attractive 

7. A Solar Bike contributes to a healthier lifestyle and daily exercise 

8. A Solar Bike contributes to a more sustainable and greener world 
 

Car perceptions 

1. I only use a car when it really necessary 

2. I tend to drive less with my car because of the high costs 

3. Because of costs I choose more often public transport and cycling than a car 

4. My friends recommend to have my own car 

5. I enjoy driving a car 

6. A car, or owning a car, says much about someone’s status in society 

7. Driving a car gives much more advantages than other transportation modes 

 

Mobility perceptions 

1. The presence of a train station within walking and cycling distance was important for choosing my 
current home address 

2. The presence of a bus, tram or metro stop within walking distance was important for choosing my 
current home address 

3. A short distance to an approach road or exit of a highway was important for choosing my current 
home address 

4. A cycling distance to my work location(s) was important for choosing my current home address 
5. A high quality of cycling infrastructure, such as separate cycling paths and routes, stimulates 

cycling enormously 
6. The unpredictable weather conditions in the Netherlands have much influence on choosing 

cycling as a transportation mode 
7. To preserve the accessibility of big cities in the Netherlands (Amsterdam, Rotterdam, Utrecht), 

focus should lie on stimulating and investing in public transport and cycling instead on highways 
and access roads 
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Sustainability perceptions 

1. I am concerned about global warming and tend to work for a better and greener world 
2. I would pay more money for reducing CO2 emissions in new products 
3. It doesn’t make any point to not use a car for a better and greener world, others will remain 

driving their car. 
4. For a better and greener world I try to use the car less 
5. The environment benefits if people sometimes don’t use their cars. 
6. It is pointless to worry about a better and greener world, you can’t solve it on your own. 

 

Innovation perceptions 

1. I am very interested in new and innovative products and like to purchase and test them as soon as 

possible  
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Appendix 7: Questionnaire Product Acceptance Solar Bikes 
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Appendix 8: Respondents transport mode usage 
 

 Frequency Percent 

Car (almost) every day 53 20% 

2 to 5 times a week 61 24% 

2 or 3 times a month 80 32% 

1 time a month 20 8% 

less than 1 time a month 14 5% 

(hardly) never 28 11% 

Total 256 100% 

 

 Frequency Percent 

Motor 2 to 5 times a week 1 0,5% 

1 time a week 1 0,5% 

2 or 3 times a month 6 2% 

1 time a month 3 1% 

less than 1 time a month 7 3% 

(hardly) never 238 93% 

Total 256 100% 

 

 Frequency Percent 

Train (almost) every day 24 9% 

2 to 5 times a week 31 12% 

1 time a week 17 7% 

2 or 3 times a month 45 17% 

1 time a month1 37 14% 

less than 1 time a month 58 24% 

(hardly) never 44 17% 

Total 256 100% 

 

 Frequency Percent 

Bus, tram 
or metro 

(almost) every day 5 2% 

2 to 5 times a week 13 5% 

1 time a week 22 9% 

2 or 3 times a month 31 12% 

1 time a month 34 13% 

less than 1 time a month 56 22% 

(hardly) never 95 37% 

Total 256 100% 
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 Frequency Percent 

Bicycle (almost) every day 148 58% 

2 to 5 times a week 43 17% 

1 time a week 24 9% 

2 or 3 times a month 10 4% 

1 time a month 7 3% 

less than 1 time a month 12 3% 

(hardly) never 12 5% 

Total 256 100% 

 

 Frequency Percent 

E-bike (almost) every day 6 2% 

2 to 5 times a week 8 3% 

1 time a week 2 1% 

2 or 3 times a month 2 1% 

1 time a month 3 1% 

less than 1 time a month 3 1% 

(hardly) never 232 91% 

Total 256 100% 

 

 Frequency Percent 

Taxi 2 to 5 times a week 1 1% 

2 or 3 times a month 1 1% 

1 time a month 8 3% 

less than 1 time a month 35 14% 

(hardly) never 211 81% 

Total 256 100% 

 

 Frequency Percent 

Walk (almost) every day 106 41% 

2 to 5 times a week 83 32% 

1 time a week 38 15% 

2 or 3 times a month 13 5% 

1 time a month 10 4% 

less than 1 time a month 4 2% 

(hardly) never 2 1% 

Total 256 100% 
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Appendix 9: Most preferable transport mode per situation 
 

 Frequency Percent 

Going to 
work 

Car 67 26% 

Motor 1 1% 

Train 32 12% 

Bus, tram or metro 2 1% 

Regular bike 118 46% 

E-bike 17 7% 

Walk 8 3% 

Not applicable 11 4% 

Total 256 100% 

 

 Frequency Percent 

Business 
trip 

Car 113 44% 

Motor 70 27% 

Train 6 2% 

Bus, tram or metro 40 16% 

Regular bike 2 1% 

E-bike 1 1% 

Walk 5 2% 

Not applicable 19 7% 

Total 256 100% 

 

 Frequency Percent 

Going to 
school or 
university 

Car 28 11% 

Motor 1 1% 

Train 21 8% 

Regular bike 110 43% 

E-bike 14 5% 

Walk 7 3% 

Not applicable 75 29% 

Total 256 100% 

 

 Frequency Percent 

Daily 
goods 
shopping 

Car 73 28% 

Regular bike 118 47% 

E-bike 6 2% 

Walk 57 22% 

Not applicable 2 1% 

Total 256 100% 

 

 Frequency Percent 

Shopping Car 124 48% 

Train 1 1% 

Bus, tram or metro 4 2% 

Regular bike 86 33% 

E-bike 4 2% 

Walk 37 14% 

Total 256 100% 
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 Frequency Percent 

Going on a 
visit 

Car 123 48% 

Train 16 6% 

Bus, tram or metro 2 1% 

Regular bike 99 38% 

E-bike 10 4% 

Walk 5 2% 

Not applicable 1 1% 

Total 256 100% 

 

 Frequency Percent 

Going out 
clubbing 

Car 46 18% 

Motor 8 3% 

Train 12 5% 

Bus, tram or metro 144 56% 

Regular bike 10 4% 

E-bike 4 1% 

Walk 20 8% 

Not applicable 12 5% 

Total 256 100% 

 

 Frequency Percent 

Going on a 
day trip 

Car 145 57% 

Motor 3 1% 

Train 67 26% 

Bus, tram or metro 6 2% 

Regular bike 21 8% 

E-bike 7 3% 

Walk 5 2% 

Not applicable 2 1% 

Total 256 100% 

 

 Frequency Percent 

Going to 
sport 

Car 34 13% 

Train 1 1% 

Bus, tram or metro 1 1% 

Regular bike 170 66% 

E-bike 9 3% 

Walk 13 5% 

Not applicable 28 11% 

Total 256 100% 
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Appendix 10: Results users’ perceptions 
 

Perceptions: E-bike 
1. An e-bike looks like a vulnerable object and highly sensitive for damage 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid Strongly disagree 10 3,8 3,8 3,8 

Disagree 55 21,0 21,0 24,8 

Neutral 104 39,7 39,7 64,5 

Agree 79 30,2 30,2 94,7 

Strongly agree 14 5,3 5,3 100,0 

Total 262 100,0 100,0  
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2. E-bikes are for elderly 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid Strongly disagree 29 11,1 11,1 11,1 

Disagree 94 35,9 36,0 47,1 

Neutral 57 21,8 21,8 69,0 

Agree 62 23,7 23,8 92,7 

Strongly agree 19 7,3 7,3 100,0 

Total 261 99,6 100,0  

Missing System 1 ,4   

Total 262 100,0   
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3. E-bikes are for non-sportive people 

Image_E_bike_non_sportive 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 19 7,3 7,3 7,3 

Disagree 111 42,4 42,7 50,0 

Neutral 47 17,9 18,1 68,1 

Agree 67 25,6 25,8 93,8 

Strongly agree 16 6,1 6,2 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   

 

 



 
 

41 

4. An e-bike is a trendy and innovative product 

E_bike_trendy 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 11 4,2 4,2 4,2 

Disagree 60 22,9 23,1 27,3 

Neutral 86 32,8 33,1 60,4 

Agree 97 37,0 37,3 97,7 

Strongly agree 6 2,3 2,3 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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5. The fact that e-bikes are often stolen, makes buying an e-bike less attractive 

e_bikes_stolen 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 3 1,1 1,2 1,2 

Disagree 44 16,8 16,9 18,1 

Neutral 60 22,9 23,1 41,2 

Agree 126 48,1 48,5 89,6 

Strongly agree 27 10,3 10,4 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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6. An e-bike contributes to a healthier lifestyle and daily exercise 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 8 3,1 3,1 3,1 

Disagree 47 17,9 18,1 21,2 

Neutral 78 29,8 30,0 51,2 

Agree 112 42,7 43,1 94,2 

Strongly agree 15 5,7 5,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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7. An e-bike contributes to a more sustainable and greener world 

E_bike_sustainable 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 13 5,0 5,0 5,0 

Disagree 41 15,6 15,8 20,8 

Neutral 63 24,0 24,2 45,0 

Agree 116 44,3 44,6 89,6 

Strongly agree 27 10,3 10,4 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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Perceptions: Solar Bike 

1. A solar bike would give me a high amount of flexibility and freedom of movement, 

because charging is unnecessary   

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 5 1,9 1,9 1,9 

Disagree 17 6,5 6,5 8,4 

Neutral 55 21,0 21,0 29,4 

Agree 144 55,0 55,0 84,4 

Strongly agree 41 15,6 15,6 100,0 

Total 262 100,0 100,0  
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2. Solar Bikes are for elderly 

Image_solar_bike_elderly 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 40 15,3 15,4 15,4 

Disagree 113 43,1 43,5 58,8 

Neutral 67 25,6 25,8 84,6 

Agree 30 11,5 11,5 96,2 

Strongly agree 10 3,8 3,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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3. Solar Bikes are for non-sportive people 

Image_solar_bike_sportive 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 27 10,3 10,4 10,4 

Disagree 109 41,6 41,9 52,3 

Neutral 69 26,3 26,5 78,8 

Agree 46 17,6 17,7 96,5 

Strongly agree 9 3,4 3,5 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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4. A solar bike is a trendy and innovative product 

Image_solar_bike_trendy_innovative 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 5 1,9 1,9 1,9 

Disagree 16 6,1 6,2 8,1 

Neutral 48 18,3 18,5 26,5 

Agree 135 51,5 51,9 78,5 

Strongly agree 56 21,4 21,5 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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5. The fact that e-bikes are often stolen, makes buying a solar bike less attractive 

Solar_bike_stolen 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 5 1,9 1,9 1,9 

Disagree 42 16,0 16,2 18,1 

Neutral 52 19,8 20,0 38,1 

Agree 128 48,9 49,2 87,3 

Strongly agree 33 12,6 12,7 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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6. A Solar Bike contributes to a healthier lifestyle and daily exercise 

Solar_bike_healthy 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 5 1,9 1,9 1,9 

Disagree 36 13,7 13,8 15,8 

Neutral 73 27,9 28,1 43,8 

Agree 124 47,3 47,7 91,5 

Strongly agree 21 8,0 8,1 99,6 

6 1 ,4 ,4 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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7. A Solar Bike contributes to a more sustainable and greener world 

Solar_bike_sustainable 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 6 2,3 2,3 2,3 

Disagree 10 3,8 3,9 6,2 

Neutral 27 10,3 10,4 16,6 

Agree 129 49,2 49,8 66,4 

Strongly agree 87 33,2 33,6 100,0 

Total 259 98,9 100,0  

Missing System 3 1,1   

Total 262 100,0   
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Perceptions: Car 

1. I only use a car when it’s really necessary 

Car_necessary 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 3 1,1 1,1 1,1 

Disagree 54 20,6 20,6 21,8 

Neutral 33 12,6 12,6 34,4 

Agree 118 45,0 45,0 79,4 

Strongly agree 54 20,6 20,6 100,0 

Total 262 100,0 100,0  
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2. I tend to drive less with my car because of the high costs 

car_costs 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 24 9,2 9,2 9,2 

Disagree 84 32,1 32,3 41,5 

Neutral 54 20,6 20,8 62,3 

Agree 86 32,8 33,1 95,4 

Strongly agree 12 4,6 4,6 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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3. Because of costs I choose more often public transport and cycling than a car 

Car_choose_pt 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 49 18,7 18,8 18,8 

Disagree 94 35,9 36,2 55,0 

Neutral 36 13,7 13,8 68,8 

Agree 62 23,7 23,8 92,7 

Strongly agree 19 7,3 7,3 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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4. My friends recommend to have my own car 

Recommend_car 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 69 26,3 26,5 26,5 

Disagree 88 33,6 33,8 60,4 

Neutral 65 24,8 25,0 85,4 

Agree 31 11,8 11,9 97,3 

Strongly agree 6 2,3 2,3 99,6 

7 1 ,4 ,4 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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5. I enjoy driving a car 

Enjoy_car 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 20 7,6 7,7 7,7 

Disagree 46 17,6 17,7 25,4 

Neutral 75 28,6 28,8 54,2 

Agree 83 31,7 31,9 86,2 

Strongly agree 36 13,7 13,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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6. The type of car, or owning a car, says much about someone’s status in society 

Car_Status 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 44 16,8 16,9 16,9 

Disagree 70 26,7 26,9 43,8 

Neutral 79 30,2 30,4 74,2 

Agree 60 22,9 23,1 97,3 

Strongly agree 7 2,7 2,7 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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7. Driving a car gives much more advantages than other transportation modes 

Advantage_car 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 12 4,6 4,6 4,6 

Disagree 48 18,3 18,5 23,1 

Neutral 66 25,2 25,4 48,5 

Agree 108 41,2 41,5 90,0 

Strongly agree 26 9,9 10,0 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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Perceptions: Mobility 

1. The presence of a train station within walking and cycling distance was important for 

choosing my current home address 

Train_Station 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 63 24,0 24,2 24,2 

Disagree 82 31,3 31,5 55,8 

Neutral 24 9,2 9,2 65,0 

Agree 63 24,0 24,2 89,2 

Strongly agree 28 10,7 10,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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2. The presence of a bus, tram or metro stop within walking distance was important for 

choosing my current home address 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 78 29,8 30,0 30,0 

Disagree 98 37,4 37,7 67,7 

Neutral 31 11,8 11,9 79,6 

Agree 40 15,3 15,4 95,0 

Strongly agree 9 3,4 3,5 98,5 

6 4 1,5 1,5 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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3. A short distance to an approach road or exit of a highway was important for choosing 

my current home address 

Highway 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 76 29,0 29,2 29,2 

Disagree 100 38,2 38,5 67,7 

Neutral 37 14,1 14,2 81,9 

Agree 42 16,0 16,2 98,1 

Strongly agree 5 1,9 1,9 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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4. A cycling distance to my work location(s) was important for choosing my current home 

address 

Cycling_distance 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 42 16,0 16,2 16,2 

Disagree 59 22,5 22,7 38,8 

Neutral 34 13,0 13,1 51,9 

Agree 84 32,1 32,3 84,2 

Strongly agree 41 15,6 15,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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5. A high quality of cycling path, such as separate cycling paths and routes, stimulates 

cycling enormous 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 11 4,2 4,2 4,2 

Disagree 16 6,1 6,2 10,4 

Neutral 32 12,2 12,3 22,7 

Agree 140 53,4 53,8 76,5 

Strongly agree 61 23,3 23,5 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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6. The unpredictable weather conditions in the Netherlands have much influence on 

choosing cycling as a transport mode 

Weather_conditions 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 11 4,2 4,2 4,2 

Disagree 60 22,9 23,1 27,3 

Neutral 56 21,4 21,5 48,8 

Agree 108 41,2 41,5 90,4 

Strongly agree 25 9,5 9,6 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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7. To preserve the accessibility of big cities in the Netherlands (Amsterdam, Rotterdam, 

Utrecht), focus should lie on stimulating and investing in public transport and cycling instead 

on highways and access roads 

Accesibility_big_cities 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 5 1,9 1,9 1,9 

Disagree 21 8,0 8,1 10,0 

Neutral 70 26,7 26,9 36,9 

Agree 100 38,2 38,5 75,4 

Strongly agree 64 24,4 24,6 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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Perceptions: Sustainability 

1. I am concerned about global warming and tend to work for a better and sustainable 

world 

concerned_global_warming 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 2 ,8 ,8 ,8 

Disagree 19 7,3 7,3 8,1 

Neutral 47 17,9 18,1 26,2 

Agree 145 55,3 55,8 81,9 

Strongly agree 47 17,9 18,1 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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2. I would pay more money for reducing CO2 emissions in new products 

money_reduce_CO2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 8 3,1 3,1 3,1 

Disagree 33 12,6 12,7 15,8 

Neutral 90 34,4 34,6 50,4 

Agree 109 41,6 41,9 92,3 

Strongly agree 20 7,6 7,7 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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3. It doesn’t make any point to not use a car for a better and sustainable world, others will 

remain driving their car. 

use_less_car 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 34 13,0 13,1 13,1 

Disagree 119 45,4 45,8 58,8 

Neutral 63 24,0 24,2 83,1 

Agree 33 12,6 12,7 95,8 

Strongly agree 11 4,2 4,2 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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4. For a better and sustainable world I tried to use the car less 

use_car_less 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 8 3,1 3,1 3,1 

Disagree 45 17,2 17,3 20,4 

Neutral 79 30,2 30,4 50,8 

Agree 103 39,3 39,6 90,4 

Strongly agree 25 9,5 9,6 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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5. The environment benefits if people sometimes don’t use their cars. 

environment_better 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Disagree 6 2,3 2,3 2,3 

Neutral 15 5,7 5,8 8,1 

Agree 164 62,6 63,1 71,2 

Strongly agree 75 28,6 28,8 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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6. It is pointless to worry about a better and sustainable world, you can’t solve in on your 

own. 

pointless_worry 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 63 24,0 24,2 24,2 

Disagree 121 46,2 46,5 70,8 

Neutral 41 15,6 15,8 86,5 

Agree 26 9,9 10,0 96,5 

Strongly agree 9 3,4 3,5 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   
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Perceptions: Innovativeness 

1. I am very interested in new and innovative products and like to purchase and test them 

as soon as possible 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Strongly disagree 15 5,7 5,8 5,8 

Disagree 70 26,7 26,9 32,7 

Neutral 99 37,8 38,1 70,8 

Agree 62 23,7 23,8 94,6 

Strongly agree 14 5,3 5,4 100,0 

Total 260 99,2 100,0  

Missing System 2 ,8   

Total 262 100,0   

 

 

  



 
 

73 

Appendix 11: Reliability analysis perception topics 
Reliability of choices made by respondents towards perception E-bike: 

 
 

Reliability of choices made by respondents towards perception Solar Bike: 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

,731 7 

 
Reliability of choices made by respondents towards perception Sustainability: 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

,722 6 

 
Reliability of choices made by respondents towards perception Car: 

 

Reliability of choices made by respondents towards perception Mobility: 

 

(No reliability analysis are conducted toward the perception topic Innovation, since this topic included 

only 1 statement) 
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Appendix 12: Output Ordered Logit Model, choice experiment purchase intention 
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Appendix 13: Output general purchase intention (Q 2.1) linked with user’s socio 

demographic characteristics and perceptions 
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Appendix 14: Output Multinomial Logit Model, choice experiment transportation 

mode choice 
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Appendix 15: Output Nlogit Classification and users’ perceptions 

 



 
 

84 

 



 
 

85 

 


	Vinken_0733903
	Vinken V7

