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Abstract
We examine the difference in preferences among different cyclist groups, being the first 
to examine differences in cycling infrastructure preferences among s-pedelec, e-bike and 
conventional bike riders. We also examine how the cycling frequency of individuals 
shapes these preferences. To do so we develop a stated-preference choice experiment 
varying cycling infrastructure and car traffic features impacting cycling for both main and 
neighborhood streets. We find that while the sign of the preferences is the same for all 
cyclist types and is consistent with previous findings from the literature on cycling infra-
structure preferences, e-bikers and especially s-pedelec riders do have a lower willingness 
to pay (WTP) for improvements of cycling infrastructure and are more comfortable in 
sharing the street space with cars. E-bikers do have similar preferences as conventional 
cyclists for the most important safety-related elements, i.e. for cycling paths instead of 
cycling lanes on main streets and “cycling-street” designation of neighborhood streets. 
For these same features, the WTP decreases with cycling frequency, less frequent cyclists 
valuing such elements more. At the same time, those who cycle less have a lower WTP 
for car traffic related features. 

Keywords  Cycling infrastructure · Stated-preference · Cycling frequency · E-bikes · 
S-pedelecs

Introduction

Cycling plays a vital role in a true sustainable mobility transition and has historically been 
recognized as a key element of national, regional and local sustainable mobility plans (Tsoi 
et al. 2021). The evidence shows that more and better cycling infrastructure tends to increase 
cycling volumes and reduce accident risk overall (Pedroso et al. 2016; Gu et al. 2017; Harris 
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et al. 2013; Pucher and Buehler 2016; Reynolds et al. 2009), which leads cyclists to prefer 
cycling infrastructures that are separated from motor vehicle traffic (e.g. von Stülpnagel and 
Binnig 2022). At the same time, cyclists and bicycles cannot be viewed in a unified man-
ner. There are varying levels of vehicle characteristics such as max. speeds, acceleration and 
motorization rates, as well as different types of cyclists in terms of human power output, han-
dling skills and preferences. Most notably, there is the difference between purely human pow-
ered bicycles and electric motor assisted bicycles (e-bikes or pedelecs). In the latter category 
there is a further difference between e-bikes with a speed limitation of 25 km/h and e-bikes 
with an upper speed boundary of 45 km/h (also called s-pedelecs). In Switzerland, where the 
present study was conducted, e-bikes have been booming (Rérat 2021), with the latest mobil-
ity microcensus (2021 national travel diary) reporting 20% of households owning an e-bike in 
2021 (BFS 2023). These are particularly attractive in the Swiss context, where the topography 
naturally requires more effort to ride conventional bicycles. As a comparative figure, 12% of 
adults owned an e-bike in The Netherlands in 2017 (de Haas et al. 2022).

As discussed by Rérat (2021), e-bikes expand the practice of cycling to individuals who 
have not cycled previously, for example, due to a lack of physical capability or will to pursue 
more intense physical activity. The physical aspect especially, appears to be the most deter-
mining factor for daily cycling (Meyer de Freitas and Axhausen, 2024). Precisely because 
of this limitation, e-bikes and s-pedelecs have the highest potential to expand cycling across 
society. This is not only because they require less physical effort, but also because the higher 
average speeds of e-bikes could make bikes substitute up to 72% of present car trips in 
Swiss cities and 56% of car trips in rural areas (Meyer de Freitas and Axhausen, 2024). 
E-bikes are on the rise and are an essential part of a transition to a sustainable mobility sys-
tem. It is therefore imperative to better understand the behavior, perceptions and needs of 
e-bikers concerning cycling infrastructure. To this end, the EBIS (E-Biking in Switzerland) 
study was launched with the objective of better understanding e-biking as a phenomenon 
(Heinonen et al. 2024) This paper focuses on a route-choice stated-preference experiment 
conducted as part of the study to understand the preferences that study participants (e-bikers, 
conventional cyclists and non-cyclists) have, concerning the cycling infrastructure. These 
population values are crucial in any future investment and policy for cycling.

Related work

Improved cycling infrastructure, has been shown to increase cycling rates (Pucher and 
Buehler 2008; Buehler and Pucher 2010; Goel et al. 2022; Marqués et al. 2015; Hull and 
O’Holleran 2014). In this context, the term “subjective safety” has been highlighted as the 
most important factor in improving cycling adoption (Gössling and McRae 2022; von Stül-
pnagel and Binnig 2022; Yang et al. 2019; Dill and McNeil 2016). Generally speaking, 
studies looking into subjective safety perceptions show that the more cycling infrastructure 
is separated from car traffic and prioritized in street design, the higher the subjective safety 
feeling is. Research has also shown that cyclists are not homogeneous in terms of their 
preferences and behavior (Dill and McNeil 2013, 2016; Francke et al. 2019; Larsen and 
El-Geneidy 2011; Berghoefer and Vollrath 2022; Gatersleben and Haddad 2010; Damant-
Sirois et al. 2014). Different cyclist types have also been found to have different prefer-
ences towards cycling infrastructure (Damant-Sirois et al. 2014; Dill and McNeil 2013; 
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Hardinghaus and Weschke 2022; Rossetti et al. 2019; Cabral and Kim 2020). Generally, the 
findings of these studies all show the same pattern: Higher requirements on good quality 
cycling infrastructure, namely more separation from automobile traffic, is usually found 
with individuals who cycle less often, children and the elderly as well as women. Generally, 
men who commute by bicycle are the ones who have lower requirements for high-quality 
infrastructure.

Methodologically, the studies evaluating the preferences of cyclists towards cycling 
infrastructure can be split among three groups: revealed-preference surveys (e.g. Meister et 
al. 2023; Prato et al. 2018; Menghini et al. 2010; Zimmermann et al. 2017), stated-prefer-
ence surveys (e.g. Hardinghaus and Weschke 2022; Rossetti et al. 2019; Sener et al. 2009; 
Majumdar and Mitra 2019; Rossetti et al. 2018; Axhausen and Smith Jr 1986; Stinson and 
Bhat 2003; Hunt and Abraham 2007; Poorfakhraei and Rowangould 2015; Börjesson and 
Eliasson 2012) and other statistical methods (Gössling and McRae 2022; von Stülpnagel 
and Binnig 2022; Dill and McNeil 2013, 2016; Berghoefer and Vollrath 2022; Cabral and 
Kim 2020; Ma et al. 2014). Revealed preference surveys have the advantage of capturing 
actual behavior and actual trade-offs (if those are available) incurred in the route choice of 
cyclists. The downside of most revealed preference methods is the fact that the model results 
are highly influenced by the selection of the choice-set generation algorithm (Fosgerau et 
al. 2013), a shortcoming overcome by recursive logit models (Zimmermann et al. 2017; 
Meyer de Freitas et al., 2019; Meister, Liang, Felder and Axhausen, 2023). Also, within the 
choice-modeling field, revealed preferences are unsuited to evaluate preferences towards 
improvements on existing cycling infrastructure. To overcome that, stated-preference (SP) 
surveys allow to evaluation of preferences under different, hypothetical scenarios but are 
prone to respondent’s hypothetical bias (Loomis 2011).

Stated preference cycling studies

Stated preference surveys on cycling route choice date as far back as the 1980’s (e.g. Axhau-
sen and Smith 1986). All reviewed studies conclude that the highest level of separation from 
car traffic leads to the highest safety levels according to subjective evaluations. Stinson and 
Bhat (2003) find, in a study in the US, that cyclists prioritize travel times over cycling infra-
structure quality, although frequent cyclists dominate in their sample. Hunt and Abraham 
(2007) also evaluate the role played by facilities at destinations, finding that secure parking 
is more important than shower options for commuters. In a study for Santiago, Rossetti et 
al. (2019) found out that inexperienced riders often prefer to ride on the sidewalks rather 
than at the street level. These authors also show that younger men place a far lower value on 
subjective safety, a finding in line with the remaining literature on the cycling preferences of 
different groups. Sener et al. (2009) study’s results emphasize that it is important to consider 
sociodemographic attributes to understand cycling route choice preferences. For example, 
they show that younger cyclists value travel times higher than older ones. In a study in India, 
Majmudar and Mitra (2019) find that individuals who cycle less often have a significantly 
higher monetary willingness to pay (WTP) towards better cycling infrastructure than those 
who travel less often. Poorfakhraei and Rowangould (2015) also find that those who cycle 
less have a lower WTP towards improved cycling infrastructure. Hardinghaus and Weschke 
(2022) estimate separate models for different user groups based on gender, age, and whether 
individuals were riding with children to find that females, individuals with children and the 

1 3



Transportation

elderly tend to favor more separation from car traffic. These studies only evaluate prefer-
ences on a trip-level though and not longer term preferences.

Willingness to pay for infrastructure improvements

Sener et al. (2009), Poorfakhraei and Rowangould (2015), Majmudar and Mitra (2019), Hard-
inghaus and Weschke (2022) and Börjesson and Eliasson (2012) are the only studies to our 
knowledge that estimate the willingness to pay for improvements of cycling infrastructure. 
These are estimated by incorporating travel times as a variable in the choice experiment and 
forcing respondents into a trade-off between cycling infrastructure improvements and travel 
times. This allows for a direct estimation of WTP or marginal rates of substitution between 
travel times and infrastructure variables as done by Sener et al. (2009), Poorfakhraei and Row-
angould (2015) and Majmudar and Mitra (2019). The choice of travel time instead of a mon-
etary cost as a trade-off variable is explained by the fact that this variable is more relatable to a 
cyclist in a route-choice context, whereas a monetary cost is more abstract. At the same time, 
the monetary valuation of infrastructure improvements makes most sense if such improve-
ments are to be compared to the value of travel time for other modes or if such results are to be 
included in a cost-benefit analysis context. Other studies use distances instead of travel times 
as willingness-to-pay indicators for cycling infrastructure and route attributes (Broach et al. 
2012; Meister et al. 2023). These can also be reinterpreted as time-based measured by dividing 
the distance by the cyclists’ speed as well.

Börjesson and Eliasson (2012) are to our knowledge the only ones who have attempted 
conduct such a monetary evaluation of cycling infrastructure improvements in terms of an 
evaluation of values of travel time. These authors first estimate a WTP in terms of travel 
time, as in the other studies above, and then multiply the values with a cycling-specific value 
of travel time obtained from a mode-choice model. Börjesson and Eliasson (2012) find that 
the value of travel time for cycling is higher than that of motorized modes, a finding cor-
roborated by short-term mode choice experiments conducted in Switzerland for all travel 
purposes besides leisure (Schmid et al. 2022). This shows that the methodology to derive 
monetary WTP’s for cycling infrastructure by simply multiplying hourly WTP with average 
value of travel time (VTT) might underestimate actual WTP’s by not taking mode-specific 
WTPs into account.

The cited WTP-based cycling infrastructure quality studies’ results do not fundamentally 
differ from the other reviewed studies. All find that a separated cycling infrastructure is 
generally preferred than no cycling infrastructure (we abstain from a comparison of values 
due to the different types of infrastructures used in the experiments).

Outlook

The literature on cycling infrastructure preferences is consistent in the finding that cyclists 
prefer a higher degree of separation from motorized traffic lanes and that this preference 
is higher among less frequent cyclists. What the literature lacks, though, is a joint account 
of the cycling frequency of individuals, together with an account of the type of bike being 
ridden. In terms of WTP studies, there is also a lack of variety in the cycling infrastructures 
being studied. The reviewed studies focus on main street cycling path types of infrastruc-
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tures but neglect how these trade-offs against low-traffic neighborhood streets, for example. 
Below, we present the methodology we applied to fill this research gap.

Methods

Recruitment of participants

The stated preference survey was carried out as part of the EBIS (E-Biking in Switzerland) 
project. Study participants were contacted after the end of the tracking period and after 
answering two surveys to participate in the stated-preference survey. Since study partici-
pants had already completed these two surveys plus a tracking period of 4 to 9 weeks, it was 
decided to conduct this survey separately and to attempt to keep it rather compact to reduce 
the further burden on the participants. 3342 participants who completed the EBIS study 
were contacted via e-mail to participate in the SP survey, out of which 2928 completed the 
SP survey. Participation bias is a common issue faced by researchers in behavioral studies 
and has been reported in cycling research (Branion-Calles et al. 2019). This is a concern 
for the recruitment strategy of the EBIS study. To participate in the study, one had to own a 
bicycle of any type or ride shared bikes at least once a week. In the resulting sample, 64.2% 
of the SP respondents from EBIS alone cycle at least 2 times a week, and only 13.5% of 
respondents cycle 3 days per month or less.

To also include more individuals who cycle less often, we recruited 525 additional par-
ticipants through a private opinion research institute who were screened by the same cycling 
frequency question asked in the EBIS survey. The total number of study participants is 
therefore 2’316 from the EBIS study plus the 525 additional non-cycling participants. The 
survey was distributed in June 2023. Individuals who did not cycle more than once a week 
were then allowed to participate in the SP survey. The resulting sample by cycling frequency 
is shown in Table 1.

Survey design

The SP survey design included images showing different cycling infrastructures from the 
cyclist’s perspective, as well as variations in travel time. The images used in the study were 

Table 1  Shares of study participants’ composition by age, gender and cycling frequency
Age Never < 1–3 days/month 1–3 days per month 1 day per week > 1 day per week Total
[15,20) 17.6 21.6 14.9 18.9 27.0 100.0
[20,30) 8.7 7.9 13.6 9.4 60.4 100.0
[30,40) 9.3 13.1 12.5 10.0 55.0 100.0
[40,50) 8.2 12.5 13.9 10.4 54.9 100.0
[50,60) 10.7 17.9 14.4 10.2 46.9 100.0
[60,70) 15.0 17.3 12.1 9.8 45.9 100.0
[70,80) 26.0 16.7 16.0 13.3 28.0 100.0
Gender
Female 15.3 18.1 15.4 10.0 41.2 100.0
Male 8.9 12.5 12.6 10.8 55.3 100.0
Total 11.4 14.7 13.6 10.5 49.8
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adapted by the firm fixmycity to the Swiss context from the images they developed for 
the fixmyberlin study, the results of which are summarized by von Stülpnagel and Binnig 
(2022). The changes involved changing the number car plates, traffic signs and cycle lane 
paint to Swiss norms to make these details more relatable for our Swiss respondents.

One of the goals was to keep the survey simple for the respondents. The parameters that 
were varied in the experiment are shown in Table 2. All variables besides travel times are 
visualized in the images. A d-efficient experiment design was generated with the software 
Ngene (ChoiceMetrics 2012). An example of a choice situation is shown in Fig. 1.

To increase the number of evaluated combinations without increasing the response bur-
den, the experiment was divided into four different blocks, which were randomly assigned 
to respondents. Therefore, instead of presenting the 52 generated choice situations to each 
respondent, each respondent was presented with 9 choice situations, reducing respondent 
fatigue and increasing participation and data quality. The SP experiment itself was divided 

Fig. 1  Example of a choice situation (*Wegzeit = Trip travel time)

 

Variables Neighborhood street Main street
Car traffic intensity Low/High Low/High
Speed signalisation No variation 30 km/h / 

50 km/h
Travel time 7/10/15 minutes 7/10/15 

minutes
Car parking Yes/No Yes/No
Cross-section No variation Cycling lane/

Cycling path
Cycling lane phys. Sepa-
ration to car lane

Not applicable Painted lane/
Physical ele-
ments/Buffer 
zone*

Neigh. Street markings No marking/Small bike 
symbol on side of the 
lane/Large symbol and 
“Cycling street” marking 
on street/Red painted 
road with bike symbol 
(dutch-style)

Not 
applicable

Cycling lane/path width Not applicable 1.5 m/2.2 m

Table 2  Experimental variables 
and their levels

*Elements are also combined 
with each other in images. 
Physical separation elements 
are bollards when there is no 
parking and round, low-profile 
kerbs for cases when there is 
parking

 

1 3



Transportation

into three parts. The first consisted of 5 choice situations between main and neighborhood 
streets, the second between main street variants only and the third between neighborhood 
street variants only (both consisting of 4 choice situations each). By doing so, we were able 
to evaluate the trade-offs between the two main street types as well as gathering enough data 
to understand the preferences towards design elements of each of these street typologies.

Modelling approach

Our goal is to show how different groups evaluate cycling infrastructure differently, that is, 
how different groups evaluate the variables in the choice model differently. This is a different 
evaluation than that usually encountered in a choice-modeling setting in which the modeler is 
interested in understanding how the explanatory variables impact the choice of an alternative. 
Here, we only have two alternatives: main or neighborhood streets. The choice among both is 
only examined in one of the three experiments, in which we compare main and neighborhood 
streets. In the remaining experiments, the alternative and, therefore, the alternative-specific 
constant is the same. In these experiments, the focus lies on the evaluation of infrastructure 
features. We chose a pragmatic approach of partitioning our dataset into the groups of interest 
and estimating an individual model for each partition. Multinomial logit models are estimated 
in the WTP space using the Apollo package (Hess and Palma 2019). Equation 1 shows the 
model formulation.

	 Ui,e,W T P = SPe · (ASC + β tt · age/avg.trip dist. · (tt +
∑

jWTPjkj))� (1)

where SP e is the scaling parameter for each of the 3 experiments. ASC is the alternative 
specific constant. i is the group. j for each k feature. k is the feature under study. β tt and 
tt are respectively the travel time parameter and variable. WTP j  is the willingness-to-pay 
for each feature. age Is the individual’s age. avg.trip dist. Is the average trips distance of 
an individual. This term does not apply to non-cycling males and females.

The sociodemographic variables used are gender and age, the former being used for 
dataset partitioning and the latter in the model formulation as a variable interaction with the 
utility function to capture the effect of age in the preferences of individuals. The age and 
average cycling trip distance variables are included as interaction terms with the WTP to 
account for the difference in perception of cycling infrastructure by age and by the exposi-
tion of an individual to traffic based on his/her cycling mileage.

We also use the average trip distance by bike of each individual in the model, which we 
obtained from the tracking part of the study as a mean to control the estimates for the exposi-
tion to cycling infrastructure that each individual has.

Results

Table 3 shows the results of the partitioned MNL choice models. The preferences are shown 
in terms of willingness-to-pay in terms of minutes of travel time loss that are willing to be 
incurred to ride through a certain infrastructure feature quality, compared to a reference quality 
level. For the interpretation of the WTP we highlight that, as discussed by Sener et al. (2009), 
positive values indicate how much additional travel time cyclists are willing to pay to avoid a 
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certain element, while negative values indicate how much additional time cyclists are willing 
to incur to cycle on a route with the corresponding attribute. We therefore color the cells of the 
WTP values in Table 3 in green and red to represent each infrastructure’s positive and nega-
tive outcomes. Variables were kept in the model if the resulting parameters were significant 
at the 25% level, at least for at least one model partition. The conventional bike group only 
includes frequent riders, since our sample of sporadic conventional cyclists only included 35 
individuals (Fig. 2).

To improve the readability of results, Figs. 3, 4, 5, 6, 7 and 8 compare the highest WTP 
values across the groups in a graphical form and include images of the differences in the 
evaluated street design elements. We highlight that the goodness-of-fit measures have to be 
interpreted with care since each model was estimated based on different individuals and has 
a different sample size. At the same time, the adjusted rho-square measure provides a better 
comparison than other measures, because it shows how the model improves the understand-
ing of behavior as compared to a null model. While the values cannot be compared directly, 
the adjusted rho-squared values indicate that the models are better at explaining the choices 
of conventional cyclists and e-bikers, but worse at explaining choices of non-cyclists or 
s-pedelec riders. In other words, this shows that the choices of the groups with lower mag-
nitude of adj. rho-squared values are less consistent and less structured.

The roles of gender and cycling frequency

The first obvious effect is that the group most sensitive to street design elements are females 
who do not cycle. Interestingly, gender seems to play a greater role than cycling frequency 
and bicycle type for the preferences. Across the other groups, females often, but not always, 
also seem to be more sensitive to differences across the experiment variables. The cycling 
gap between males and females has been widely studied in the literature (e.g. Grudgings 
et al. 2018; Aldred et al. 2016; Garrard et al. 2008; Carroll et al. 2020; Ravensbergen et al. 

Table 3  Model results (green shading: positive variable effect, red shading: negative effect)
Sign. codes: 0***0.001**0.05*0.10'0.25. WTP values represent additional minutes of travel respondents 
are willing to accept for a given feature. “ref” stands for reference values in each category
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2019) and studies focusing on safety aspects of cycling have consistently found that women 
have higher safety concerns and are more risk averse than men (e.g. Delmelle and Delmelle 
2012; Manton et al. 2016) leading them to show greater sensitivity to build environment 
and streetscape variables than men (Mitra and Nash 2019; Hardinghaus and Weschke 2022). 
Interestingly men who do not cycle have preferences closer to individuals who do cycle than 
to women who do not cycle, which may be explained by the lower perceived likelihood of 
negative outcomes in potentially risky situations (in this case traffic accidents and danger-
ous situations) that men have compared to women as reported by Harris and Jenkins (2006).

Fig. 3  WTP by groups for car traffic reduction in neighborhood streets

 

Fig. 2  Average cycling trip distances by group
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Fig. 6  WTP by groups for cycling path instead of cycling lane in main streets

 

Fig. 5  WTP by groups for bike symbol and red paint markings in neighborhood streets

 

Fig. 4  WTP by groups for car parking removal in neighborhood streets
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The studies mentioned above do not quantify the differences among men and women 
while controlling for differences in cycling frequency, though. Part of the differences in 
WTP among men and women, at least, as well as WTP differences across different bike 
types should be attributed to the amount of exposure to street environments when cycling. 
We account for this in the models by interacting all variables with the average cycling trip 
distance of individuals, which was collected from GPS tracks of the EBIS study participants 
as described in Heinoen et al. (2014) (Fig. 2). Still, gender differences are visible in the mod-
els, showing that not all differences in preferences can be attributed to the different exposure 
to street environments when cycling. The figure shows that across all groups, females ride 
bicycles less than men, which should at least partly explain why females have higher WTP’s 
than men. Frequent s-pedelec riders ride the bike the most. Sporadic s-pedelec riders, fre-
quent e-bikers and frequent conventional cyclists all ride the bike for similar distances.

The difference in WTP’s between men and women is significant for some of the street 
design elements. Non-cycling women are twice as sensitive to traffic in neighborhood 
streets than non-cycling men (Fig. 3). The difference increases to three- to fourfold than that 

Fig. 8  WTP by groups for physical separation with parking instead of no physical separation with parking

 

Fig. 7  WTP by groups for physical separation without parking (bollards) instead of no physical separation 
with parking

 

1 3



Transportation

of men for other street design elements namely parking in neighborhood streets (Fig. 4), and 
distinctive cycling street markings in neighborhood streets (Fig. 5), bike paths (Fig. 6) and 
UFO-style physical separators for cycling lanes (Fig. 8). Such substantial differences show 
how much greater the sensitivity of women is towards cycling-friendly infrastructure and 
partially explain why women are 28% less likely than men to cycle in Switzerland (Meyer 
de Freitas and Axhausen, 2024). The greater confidence interval in the WTP of female non-
cyclists also points towards a greater heterogeneity in the preferences of this group com-
pared to male non-cyclists. The similar sample size in the male and female non-cyclist 
group excludes the possibility of sample size being an explanation for the higher variability 
in female preferences.

Among frequent or sporadic cyclists, females often have a higher WTP for cycling-
friendly street designs than men. As with non-cyclists, females in these groups also have a 
higher variability in their preferences when compared to men. The WTP of women is most 
pronounced in the preference of female e-bikers and conventional cyclists towards cycling 
paths (Fig.  6), as well as in the preference of female e-bikers and conventional cyclists 
towards UFO-style physical separators for cycling lanes (Fig. 8). Frequent female e-bikers 
have a higher WTP than men for all elements in the figures below except for bollards in 
cycling lanes (Fig. 7). Sporadic female and male e-bikers are more similar in their prefer-
ences, although the preferences of females in the sporadic e-bikers group mostly follow the 
preferences of their frequent cyclist’s counterparts for most of the evaluated elements as 
well.

Among s-pedelec riders, we find that the differences between male and female prefer-
ences are smaller than for e-bikers, which is visible by the higher degree of overlap of 
the confidence intervals in the figures below for these groups. This is more noticeable for 
frequent s-pedelec riders, a group for which female and male preferences differ less than 
among other groups. For sporadic s-pedelec riders, the differences are less pronounced than 
among frequent s-pedelec riders, with a substantial difference in the WTP for bollards in 
cycling lanes (Fig. 7). Males and females riding conventional bikes, all of whom are fre-
quent riders in our dataset, have preferences that are significantly different for all elements 
except red-painted neighborhood streets (Fig. 5). Still, while being significantly different, 
the differences in WTP are smaller than the differences in preferences across e-bikers and 
s-pedelec riders.

Frequent s-pedelec riders were found to place the least value on cycling-friendly street 
designs, having an especially low WTP for cycling paths. This makes sense since with 
45 km/h of maximum speed such s-pedelecs are running at speeds that are de-facto as high 
as the speed of cars in urban environments, whilst the high power of such s-pedelecs also 
allows these individuals to accelerate quickly and keep a traffic flow that is not too different 
from that of cars. Anecdotally, some s-pedelec participants of the EBIS study actively wrote 
to the authors of this study with the request for us to consider the differing nature of their 
needs with respect to cycling infrastructure when compared to their e-bike and conventional 
bike counterparts. Some of these messages alluded to the fact that s-pedelecs are treated by 
Swiss law in a similar way as bicycles, which requires them to use cycling infrastructure, 
when available. While the WTP for cycling paths, for example, is the lowest for this group, 
it is still positive and significant, meaning that while some s-pedelec riders do not prefer to 
ride on cycling paths, most of them do prefer this alternative.
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Comparing the preferences across all groups, we find that the sporadic e-bikers group 
has the strongest preference for cycling-friendly neighborhood streets and frequent e-bikers 
have the highest WTP for cycling paths, with females within these groups having higher 
WTP’s than men (Table 3).

The role of street designs

After looking into how cycling frequency and gender influence the preferences for cycling-
friendly street designs, we turn back to Table 3 to evaluate how these preferences vary for 
the different street design elements.

Across all elements, it becomes evident that three design elements are consistently pre-
ferred among all groups, namely low-traffic neighborhood streets (Fig. 3), neighborhood 
streets without parking (Fig. 4), and cycling paths instead of cycling lanes on main streets 
(Fig. 6) as well as no parking on main streets (for cycle lanes) and wide cycling lanes. In 
the literature, cycling paths are often found to offer the safest and most comfortable cycling 
infrastructure level (Garrard et al. 2008; Reynolds et al. 2009; Cicchino et al. 2020; Marshall 
and Ferenchak 2019; Hardinghaus and Papantoniou 2020), which our findings corroborate, 
albeit not for all studied groups. Cycling paths have a high subjective safety perception 
because bikes are separated from motor vehicle traffic, reducing conflict frequency and 
therefore increasing subjective safety feelings (Gössling and McRae 2022). It is interesting 
to note that the high WTP’s for no parking, low traffic on neighborhood streets and wide 
cycling lanes are all elements that reduce potential conflicts with motorized traffic and come 
close to this “gold standard” of cycling infrastructure. While this general direction in prefer-
ence is not unexpected nor surprising, the difference in preference for these different street 
design elements across the different individuals becomes more interesting.

Albeit scoring highest for most groups, cycling paths do not have the highest WTP across 
all groups. It certainly is for non-cycling females, for example, the group that cycles the 
least. Therefore, if a policy goal is to increase cycling adoption across society, cycling path 
expansion is a promising policy. Cycling paths are also the most preferred cycling-friendly 
design element for frequent e-bikers and female sporadic e-bikers and conventional cyclists 
as well as male sporadic s-pedelec riders. Frequent s-pedelec riders still value cycling paths, 
but they place more value at having lower traffic and fewer parked cars in neighborhood 
streets. This might be related to the fact that such s-pedelec bikes ride at faster speeds 
and that conflicts with cars and other cyclists become more of a nuisance for these indi-
viduals. Protected cycling infrastructure can slow these s-pedelec riders down for being 
“stuck” behind slower cyclists without space to overtake them. At the same time, the WTP 
of s-pedelec riders for these elements is still lower in value than that of e-bikers and con-
ventional cyclists.

We also investigated the effects of different neighborhood street designs. While the alter-
native-specific constant for main streets, shows that this type of street is preferred against 
neighborhood streets, possibly because they are associated with faster connections and more 
direct paths, our results also show that significant improvements for cyclists can be gained 
by improving neighborhood street designs. Notably, the highest WTP are associated to the 
removal of car traffic from neighborhood streets, rather than the “cosmetic” nudging effect 
of introducing street markings. Every group has types of street markings that have insig-
nificant effects, with e-bikers having no visible effect for all street markings. This very 
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weak effect shows that “hard” design elements which do reduce conflicts with cars have a 
stronger effect than the softer nudging effect of such street markings as reported by Fyhri 
et al. (2021).

Another specific design we tested, was physically separated cycling lanes, which became 
very popular during COVID-19 as pop-up bike lanes (Möllers et al. 2021). Möllers et al. 
(2021)d rat et al. (2022) also report an increase in cycling shares in cities with such inter-
ventions, although these authors do not differentiate between physically separated and non-
physically separated lanes in their evaluation. We find mixed results for physically separated 
cycling lanes. We tested two types, with bollards (Fig. 7) and with UFO-style separators 
(Fig. 8) which would still allow for cars to access parking spots. The alternative with bol-
lards has a positive WTP for some s-pedelec riders and is statistically indifferent to cycling 
lanes for most of the other groups. Preferences are generally higher towards the alternative 
with UFO-style separators. We remind the reader that these are concerning cycling lanes, 
so while we find no significant difference in such designs towards cycling lanes it does not 
mean that our results do not corroborate the results from Möllers et al. (2021)d rat et al. 
(2022), but rather that most groups do not value such a separation much different than a con-
ventional cycling lane. We can only conjecture why some s-pedelec riders seem to dislike 
bollards as physical separators. One plausible explanation is that these riders often overtake 
other cyclists and having such physical obstacles makes such overtaking maneuvers sub-
stantially more dangerous through an increased crash risk.

Policy implications and discussion

Cycling paths, especially wide ones, are the preferred cycling infrastructure, providing the 
highest level of both subjective and objective safety. These should, therefore, unequivocally 
be advanced by cycling advocates and public authorities alike. This finding is not new and 
reflects decades of research on the topic (Aldred et al. 2017). Our results add to the literature 
the knowledge that this preference is highest among non-cycling females, the group that 
cycles the least and should be a priority target-group in policies aiming to increase overall 
cycling adoption in society. While the WTP of low traffic in neighborhood streets is very 
close to the WTP of cycling paths for most groups, the higher alternative-specific constant 
of main streets pushes the overall utility of this type of cycling paths upwards in comparison 
to neighborhood streets. We also remind the reader that our reference level for main streets 
are already cycling lanes, which are commonly found in Swiss main streets. In contexts 
where main streets have no cycling infrastructure at all, the WTP for cycling paths is there-
fore expected to be higher still.

A particularly interesting comparison concerns routing a cycling network either along 
main streets with dedicated cycling paths or through traffic-calmed neighborhood streets, 
where parking is largely removed, traffic volumes are reduced, and pavement markings indi-
cate the presence of the cycling network. This comparison is relevant because it is a ques-
tion relevant for policymakers. This setup corresponds to the two alternatives illustrated in 
Fig. 9. Calculating the utility function based on an average age of 42 years and a daily aver-
age of 4 km long cycling trip (for all but the non-cycling groups), we obtain a preference of 
60% of cyclists and 65% of non-cyclists towards cycling paths on main streets.

Therefore, while the combined utility of removing car parking and car traffic in neighbor-
hood streets does lead to a significant increase in the attractiveness of neighborhood streets 
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for most of the groups, it still is not enough to overcome the preference towards main streets. 
The only group that finds neighborhood cycling streets more appealing than the cycling path 
on a main street is the group that, at the same time, is the largest one as well: male conven-
tional cyclists. Among these, 51% would prefer the neighborhood cycling street over the 
cycling path. The reasons for the general preference towards the cycling paths might be 
associated with more elements than those directly observable in the images. For example, 
there might be a preference for main streets because they will be associated with more direct 
routes and higher accessibility to potential destinations such as shops or services.

In sum, we observe that in general, the highest WTP’s are in place for street designs 
where potential conflicts between cars and cyclists are reduced as much as possible. Never-
theless, our results show that there is some heterogeneity in how strongly different cycling 
groups value this separation, which we highlighted through the WTP values as well as in the 
order of preference for different street designs. The frequency of bike utilization, gender, 
and type of bike play significant roles here.

Concerning the physical protection of bike lanes from car lanes, we find that when bol-
lards are used, many of the groups see little to no improvement from a situation without 
them, with two groups finding these even worse than no physical separation. This finding 
contradicts the findings from von Stülpnagel and Binnig (2022) who conducted a study in 
Berlin using very similar images as ours albeit with different designs of bollards. Possi-
bilities for the differences are the study design, ours being an SP study and von Stülpnagel 
and Binnig’s (2022) being based on ratings of individual situations as well as a different 
composition of respondents or even, different experiences in traffic by the respondents. Pos-
sibly respondents in Berlin, a metropolis with higher traffic volumes and higher population 
density than in the Swiss context, makes respondents more sensitive to being separated from 
car traffic. The situation is different in the case of UFO-style separators, which are preferred 
against cycling lanes without them, possibly because they offer less collision danger, by 
allowing bikes to ride over them when, for example, overtaking other cyclists. We therefore 
recommend that municipalities conduct live trials with such separations and conduct inter-
views with both cyclists and non-cyclists to gain deeper insights into the perception of this 
type of separator.

An interesting finding is the difference in preferences of non-cycling males and females. 
It is not a “fear” of cycling to low-quality bike infrastructures that deters males from 
cycling, but rather for women. A policy conclusion of this finding is that improved cycling 
infrastructure could potentially increase cycling, mostly among females rather than males. 

Fig. 9  Illustration of preferences: 60% of cyclists and 65% of non-cyclists prefer the left cycling path over 
the right cycling street
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At the same time, the preferences expressed by the non-cyclist group should be interpreted 
with some caution. Unlike cyclists, these individuals lack direct experience of what it is 
like to navigate different streetscapes by bike, which may limit the realism or depth of 
their evaluations. This does not alter the core findings—namely, that men generally express 
less fear of cycling and that cycling paths are seen as the most favorable option for this 
group—but it is important context. Preferences are known to shift with experience, and our 
results confirm that having cycling experience leads to systematically different evaluations 
of infrastructure.

One last point concerns the size of the willingness-to-pay values, which reach the 
22-minute mark. In absolute terms, this value is quite high given that the travel times shown 
to respondents were in average 10.6 min. It is unrealistic to think that such a trade-off would 
occur. Probably, as in fact happens among our respondents, individuals with such high WTP 
(non-cycling females) actually don’t cycle, pointing out that the real trade-off between low-
quality cycling infrastructure and good-quality cycling infrastructure occurs at the mode 
choice and not at the route choice level. For this reason, we focused our interpretation on 
the relation among the WTP’s, rather than on the interpretation of their values. One possible 
issue, which is hard to verify, is that many respondents did not account for the travel times 
in their choice decisions, which could be explained by the fact of having these represented 
only as numbers. The experiment design could be improved in future studies, for example 
by borrowing the common practice in mode-choice modeling of basing the experiment on 
revealed-preference data, that is, on previously collected trips. For cyclists, RP data on trips 
could be collected, and then to pivot the travel times around the travel time of a reported 
cycling trip.

Conclusion

In this study, an SP experiment was conducted to assess the preferences of cyclists concerning 
cycling infrastructures and related aspects for main and neighborhood streets in Switzerland. 
To assess how the Swiss e-bike boom affects preferences, e-bike, s-pedelec and conventional 
bikers, as well as individuals who do not cycle, were recruited to assess their preferences so 
that the differences in their preferences could be analyzed. The reason for that is likely to be 
due to the fact that e-bikes and s-pedelecs especially do usually travel at higher speeds than 
conventional bikes do for most individuals.

We found a clear difference in the preferences of fast s-pedelec (45 km/h) riders from 
conventional cyclists, while the preference of e-bikers (25 km/h) is mixed, being sometimes 
closer to males and sometimes rather close to the preference of conventional cyclists. We 
showed that there are differences between different cyclists by bike types, but we also found 
that an even larger effect is to be found based on the cycling frequency and gender. Espe-
cially among the non-cycling group, gender differences are strikingly relevant. At the same 
time, the adj. rho-squared of the models suggests that the preferences of non-cyclists and of 
s-pedelec riders are less consistent than the other groups, indicating that there is more varia-
tion in the preferences of these groups.

The differences in the willingness-to-pay for different features across groups are not 
always significant and an extension of this study, with an enlarged sample, could shed more 
light on the differences across groups. Still, we find that the preferences of the groups do 
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not follow the same pattern. For example, the order of WTP’s for features among female 
s-pedelec riders is different from that of female e-bike riders. In this sense, our study shows 
how heterogeneous preferences for cycling infrastructures are across different groups. Still, 
while being heterogeneous, we find that the direction of the preferences is constant across 
all groups for most of the studied street design elements. In that sense, we reinforce previous 
findings and find that across all bike types and groups, cycling infrastructure has a positive 
impact on subjective safety. An exception to this rule seems to be physical separations of 
cycling lanes from motor vehicle lanes, which have mixed preferences, including negative 
ones.

While several situations and infrastructure types were studied, not all could be incorpo-
rated in this experiment. An example is contra-flow cycling lanes on one-way streets. Fur-
ther experiments should include such situations. Future work should also aim at developing 
further understanding of the preferences by incorporating RP-route choice data of cyclists 
from the EBIS project.
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