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A B S T R A C T   

Cycling is an environmentally friendly and healthy mode of transport that can be supported by appropriate road 
infrastructure. Most recently, the bike market is being differentiated and sales of innovative bike types such as 
cargo bikes and e-bikes are growing rapidly. Even though the importance of these particular vehicles is 
increasing greatly, little is known about specific route preferences applicable. Hence, we evaluate a graphically 
assisted online discrete choice experiment. We investigate the route preferences of users of different types of 
bikes. By applying mixed logit models, we estimate the differences in the valuation of infrastructure charac
teristics between users of regular bikes, cargo bikes and e-bikes. Results show that users of both, cargo bikes and 
e-bikes value a high-quality infrastructure even higher than users of regular bikes do. Higher route requirements 
of users of innovative bike types strengthen the importance of upgrading the infrastructure as these vehicles are 
becoming increasingly popular.   

Introduction 

Choosing bicycle as mode of transport in cities shows several positive 
impacts on both, the society and the environment (Gössling et al., 2019; 
Makarova et al., 2019; Raustorp and Koglin, 2019; Watts et al., 2020). 
Cycling rates are rising in many cities and a growing number of mu
nicipalities aim to support the uptake of cycling (Lanzendorf and Busch- 
Geertsema, 2014). Thereby adapting the road infrastructure to current 
and future needs is major challenge in cities. Hence, knowing about 
these needs is of major importance. Regarding the technological devel
opment of bicycles, we experience a differentiation amongst various 
bike types. Innovative vehicle concepts gain more and more importance. 
Especially the sales volume of e-bikes and cargo bikes show strong 
growth rates (Brust, 2021; Eisenberger, 2020; Stork, 2022). In Germany 
the share of e-bikes in all sold bikes reached 48 percent in 2022 (Stork, 
2023). These types of bikes allow for longer trips, more luggage and as a 
consequence enable users for other trip purposes. At the same time, 
different acceleration behaviour and another track width can be 
observed. To date, the share of cargo bikes is much smaller. But the 
increase in sales was almost 2/3 in 2021 compared to 2020 (Stork, 
2022). When looking at the infrastructure or dedicate cycle routes, many 
different options are possible in terms of which roads are being used and 
which type of infrastructure is being built. For example, along main 

streets protected bike lanes, as rather new type of infrastructure in 
Europe, compete with cycle paths on the pavement or with marked bike 
lanes. Alternatively, cycling in mixed traffic along roads with low vol
ume of car traffic of different type seems desirable to cyclists. Cycle 
streets explicitly prioritize cyclists. These roads without through traffic 
are a rather new achievement in many countries and are still used rarely. 
In Germany, motorized traffic is only allowed in a cycle street when 
additional signs state so (often residents are permitted). Cyclists are 
allowed to cycle side by side. Cars are allowed to drive up to 30 km/h 
and must not endanger or hinder bicycle traffic. 

There is a long history of investigating cyclists route choice behav
iour using different methodologies (Aultmann-Hall, 1996; Broach et al., 
2012; Buehler and Dill, 2016; Caulfield et al., 2012; Krizek et al., 2009; 
Nelson and Allen, 1997). Even though there is a large body of studies 
investigating cyclist’s route choice behaviour using stated preference 
approaches (Clark et al., 2019; Hardinghaus and Papantoniou, 2020; 
Mertens et al., 2016; Tilahun et al., 2007; Vedel et al., 2017), most of 
them focusses on route choice behaviour of users of conventional bikes 
or does not differentiate between bike types. Existing research on new 
bike types such as e-bikes or cargo bikes usually deals with one specific 
bike type and therefore does not allow for direct comparisons. 

Regarding cargo bikes, previous research proves that infrastructure 
is of major importance (Liu et al., 2020; Nürnberg, 2019; Thoma and 
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Gruber, 2020). Thereby, several prior studies investigate the commer
cial use of cargo bikes in delivery. Often a comparison between cars or 
trucks and cargo bikes is aimed at. Route choice is only of minor 
importance in current research. Gruber and Narayanan (2019) investi
gate travel time differences in commercial transport and compare cargo 
bike and cars. The authors find that commercial users of cargo bike 
choose routes through parks and via one-way streets where contraflow is 
permitted for bicycles. These shortcuts result in time advantages 
compared to cars (Gruber and Narayanan, 2019). Related research 
conclude that delivery cargo bikes are more cost effective than delivery 
trucks in close proximity (Sheth et al., 2019) and a significant share of 
deliveries can be substituted (Yang et al., 2023). One reason for this is 
that cargo bikes have route options like bike lane, sidewalks, and may 
access car-free areas (Sheth et al., 2019). Liu et al. (2020) address the 
question of cargo bike route preferences. The authors develop a quali
tative approach and interview both planners and users of cargo bikes. 
The study finds that traffic volume of trucks is most important to how 
routes are perceived. Also parked vehicles and the type of the bike 
infrastructure play a role in route choice (Liu et al., 2020). Dybdakeb 
and Ryeng (2021) combine GPS tracking and qualitative interviews to 
draw conclusion regarding cargo bike usage in winter. Regarding route 
choice, the authors state that volume and velocity of motorized trans
port as well as pedestrians are crucial factors (Dybdalen and Ryeng, 
2021). 

The state of research on e-bikes appears diverse. There are several 
studies broadly assessing various aspects of e-bike usage (Almannaa 
et al., 2021; Plazier et al., 2017; Sun et al., 2020; Wild and Woodward, 
2019). A lot of research addresses the potential of e-bikes to substitute 
cars (Lopez et al., 2017; McQueen et al., 2020; Winslott Hiselius and 
Svensson, 2017). In addition, Plazier et al. (2017) perform a compre
hensive analysis of e-bike commuters. Further studies explicitly inves
tigate route choice of e-bike users (Dane et al., 2020; Lopez et al., 2017). 
Dane et al. (2020) analyse GPS tracks of e-bike users and estimate a 
mixed logit model comparing influence of sociodemographic attributes 
on route choice between regular bikes and e-bikes. Differences between 
bikes and e-bikes based on GPS data were also analyzed by Allemann 
and Raubal (2015). In addition, Lux et al. (2018) compared users of both 
bike types. Resulting route preferences appear inconsistent across prior 
studies. Plazier et al. (2017) state the rather qualitative finding that 
users of e-bikes “generally preferred enjoyable and quiet routes over 
faster and more direct ones” (Plazier et al., 2017). The authors conclude 
that electric assistance allows for choosing more enjoyable routes. On 
the contrary, Allemann and Raubal (2015) find that e-bike users choose 
routes with higher exposure to motorized traffic more often and value 
traffic volume as less important than users of regular bikes while the 
importance of trip length is similar across both groups. 

In summary, knowledge of route preferences in terms of the type of 
bike that was used is not sufficient to date. In prior research, authors 
miss a systematic comparison between the infrastructure needs of users 
of cargo bikes and regular bikes (Liu et al., 2020). Comparing individual 
results based on studies using different methodologies does not allow for 
drawing conclusions regarding differences in route preferences. 

In addition, it is criticised that results regarding differences between 
route choices of bike and e-bikes are based on small sample sizes 
(Allemann and Raubal, 2015) which means that the reliability of results 
is limited. Accordingly, authors of prior studies see the need to verify the 
results by large samples of quantitative data (stated or revealed prefer
ence) (Allemann and Raubal, 2015). Thus, there is limited empirical 
knowledge on differences in route choice behaviour under joint 
consideration of the influence of bike types and comprehensive route 
attributes. Hence, in this study, a choice experiment is performed to 
evaluate route preferences of users of different bike types. We aim to 
investigate differences in route preferences of cargo and e-bike users 
compared to usual bike users. Since the share of these innovative bike 
types is raising, meeting the demand of their users is crucial when 
aiming for a future-proof adaptation of the urban road infrastructure. 

Materials and methods 

The data used originate from a large online survey on bike route 
choice (Hardinghaus and Papantoniou, 2020). In a graphically sup
ported stated choice experiment different route characteristics were 
presented to and evaluated by participants. Table 1 displays the attri
butes and levels of the experiment with the respective reference alter
natives marked in bold. These were based on the literature and selected 
in an expert workshop. In addition, information on characteristics of the 
person travelling and the trip itself were collected. Thereby, the 
participant was asked before the experiment which type of bike he or she 
would be using. 

For the experiment, a Bayesian efficient design was developed based 
on a pre-test using Ngene (Bliemer and Rose, 2006). It consisted of eight 
choice situations with three alternatives (and a no-choice option), varied 
in three blocks. Fig. 1 displays an exemplary choice situation. 

Detailed information about considerations when designing the 
experiment as well as recruitment and the sample description can be 
found in the original resource (Hardinghaus and Papantoniou, 2020). 

Sample and subsampling 

The participants were recruited in multiple countries in autumn 
2018 using social media and newsletters. For the analysis the data on 
participants from Germany was used in order to reduce bias from 
different state of infrastructure experiences in different countries. The 
dataset for participants in Germany consists of 4,463 individuals. With 
eight choice situations per individual, this leads to 35,704 observations. 
In addition to the choice experiment, some information on user char
acteristics were collected. Those include, sociodemographics like age, 
gender, education and occupation, riding with children, the frequency of 
bike riding as well as the used bike type. 

Due to the self-selective sampling method, the sample shows some 
bias in terms of sociodemographics. Male participants are over
represented with almost 72%. The age distribution of the sample shows 
differences to the German population as a whole. Children and adoles
cents under the age of 18 are not addressed in this survey. At the same 
time, these groups make up around 16% of the German population. In 
addition, only 2.5% of the subjects are 65 years or older - compared to 
20.6% in the total German population (Zensus 2016: Vielfältiges 
Deutschland, 2016). The formal level of education is significantly higher 
than the German average: 67% of the participants in the sample 
compared to 15% in the population have a college or university degree 
(Zensus 2016: Vielfältiges Deutschland, 2016). Mostly cyclists took part 
in the survey. Three quarters of the participants use the bicycle daily or 
almost daily. In a nationwide study with representative sampling, this is 
only nine percent (Borgstedt, 2017). 

When separating the sample by the used bike type sociodemographic 
distributions differ greatly between the groups. As we are interested in 
differences in preferences for the infrastructure attributes depending on 

Table 1 
Attributes and levels of the experiment.  

Attribute Levels 

Street type Arterial road | Side street 
Cycle 

infrastructure 
No cycle infrastructure | Bike lane | Cycle path | Protected 
bike lane 

Street Regulation Maximum speed for cars: 50 km/h | Maximum speed for 
cars: 30 km/h | Cycle street (no through traffic, residents only) 
| Living street (max. speed cars 7 km/h) 

Surface Cobblestones | Asphalt 
Parking No on-street parking | On-street parking 
Trees No trees | Trees 
Travel time 

[minutes] 
8 | 10 | 12 | 15 

Bold indicates the reference scenarios. Source (Hardinghaus and Papantoniou, 
2020). 
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the bike type used, controlling for these sociodemographic attributes is 
necessary. This is to make sure that the estimated differences do not 
arise from the different sociodemographic distributions but rather from 
the different bike type used. Therefore, we decided to follow the 
approach to draw a subsample from the data using stratified sampling 
while controlling for age, gender and frequency of cycling. This aims at 
having similar sociodemographic distributions of each bike type user 
group and allows therefore to compare preferences for infrastructure by 
the bike type used independent from sociodemographic characteristics. 
To do so, the original sample were split up into the groups e-bike, cargo 
bike and regular bike (trekking, Dutch style, city bike) users. From each 
group, a subsample aiming at matching the distribution of the overall 
sample was drawn. This results in a sample of 687 users from which 271 
uses e-bikes, 166 use cargo bikes and 250 use regular bikes. The age, 

gender and frequency distribution of each group is shown in Table 2. 
The sample matches closely for most characteristics regarding frequency 
and gender, with the majority are daily male riders. The age distribu
tions don’t match as precisely as the other both characteristics. How
ever, in all groups, the majority of participants is between 25 and 54 
years old. 

The employment status and educational level is displayed in Fig. 1. It 
is seen, that the majority of respondents work full time and obtain a 
higher education degree. The distributions among the three groups are 
very comparable. Nevertheless, it needs to be mentioned, that the 
analyzed sample is not representative for the average German popula
tion. However, as we are interested in the perception of bicyclists on 
different bike infrastructure elements, the results benefit from the large 
proportion of regular cyclists in the sample. 

Model 

The data from the stated choice experiment is analyzed using a logit 
model. The multinomial logit model is based on random utility theory 
assuming that the utility U of an alternative consists of a deterministic 
term V and a stochastic term ε and each individual choses the alternative 
with highest utility (McFadden, 1973). To account for repeated choices 
by the same individuals as well as choice heterogeneity between re
spondents a mixed logit model with random parameters is used in this 
paper (Train, 2009). The choice probabilities in the mixed logit model 
are the weighted mean of the multinomial logit probabilities over a 
distribution f(η). 

Pn,i =

∫

Ln,i(β, η)f (η)dη 

To estimate the differences between the three bike types, the model 
is specified with joint parameters (β) based on all considered bike types 
(regular, cargo bike and e-bike) and additional interaction terms (βebike,

βcargo) between the both bike types focused in this paper (Iebike, Icargo) and 
each covariate (Xiqt). The formal model formulation of utility for alter
native i, individual q and choice task t is then specified as follows: 

Fig. 1. Exemplary choice situation (Hardinghaus and Papantoniou, 2020).  

Table 2 
Sample characteristics.  

Characteristic Regular Bike Cargo Bike E-Bike 

Age    
Up to 17 years 0.4 % 0 % 0 % 
18 – 24 years 10.4 % 1.2 % 2.2 % 
25 – 34 years 31.6 % 31.3 % 14.4 % 
35 – 44 years 20 % 50 % 25.1 % 
45 – 54 years 24 % 12.1 % 30.6 % 
55 – 64 years 9.6 % 4.8 % 18.8 % 
65 and older 3.2 % 0.6 % 8.5 % 
No answer 0.8 % 0 % 0.4 %  

Gender    
Male 72 % 66.3 % 69.8 % 
Female 26.4 % 31.9 % 29.5 % 
No answer 1.6 % 1.8 % 0.7 %  

Frequency    
Daily 75.6 % 89.8 % 70.1 % 
1 to 3 days a week 17.2 % 7.8 % 24.4 % 
1 to 3 days a month 4.8 % 1.8 % 4.1 % 
Less than once a month 0.8 % 0.6 % 1.0 % 
Never or almost never 1.6 % 0 % 0.4 % 
No answer 0 % 0 % 0 %  
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Uiqt +Uiqt,ebike +Uiqt,cargo = ASCiq +
(
β+ ηiq

)
Xiqt +

[(
βebike

+ ηiq,ebike
)
Xiqt

]
Iebike +

[(
βcargo

+ ηiq,cargo

)
Xiqt

]
Icargo +∊iqt 

with coefficients ASC and β common to all bike types and βebike as well 
as βcargo representing the difference in the respective parameter 
compared to the regular bike types. Parameters ηiq equals the estimated 
standard deviation of the estimated parameter means β. Iebike and Icargo 

are dummy variables indicating if the respondent is an e-bike or cargo 
bike user. Error term ∊iqt is iid extreme value 1 distributed. We assume 
that due to the previous sampling method the influence of sociodemo
graphic attributes does not differ between the groups and therefore no 
individual specific variables were included in the estimated model. 
Consequently, we assume that estimated differences between the groups 
arise from the different bike type used and not by any selection bias. The 
parameters were then estimated with the software Biogeme (Bierlaire, 
2018) using 2,000 MLHS draws (Hess et al., 2006). No parameter re
strictions were imposed. 

In addition to the estimation of the model, to do a comparison on the 
preferences of different infrastructures by different bike type users, we 
perform another analysis using the estimated parameters. Dividing the 
parameter estimate of an infrastructure by the travel time parameter 
leads to the marginal rate of substitution between the infrastructure 
element and travel time. This indicates how much extra travel time an 
average user within a given subsample is willing to accept to ride on the 
given infrastructure instead on the reference alternative. We organize 
the willingness for detour for the combined utilities with regard to their 
appearance on main streets, side streets or irrespective of street type. 
Therefore, for the case of side streets, the utilities for the side street itself 

and the according regulations are summed up. These analyses allow for a 
better practical understanding of the results gathered. 

Results 

The results from the estimated model are shown in Table 3. The 
differences between cargo and e-bikes compared to regular bikes were 
tested for all infrastructure variables first and only maintained in the 
model when the estimated parameter was significant at least at the 10% 
level. This is the same for parameter standard deviations, which were 
introduced for all infrastructure variables in the first place and removed 
for those parameters not significant at 10% level. 

Generally, the model performs good with a rho square of 0.342. All 
joint parameters are with the expected sign and significant at 5 % level. 
All three ASCs are positive indicating, that all alternatives are preferred 
over the no choice option with no significant difference between the 
alternatives, which is expected in an unlabelled choice experiment. 
Regarding the infrastructure attributes, preferences for protected bike 
lanes are nearly twice as strong as for bike paths and bike lanes, while 
both are still significantly preferred to no infrastructure. Similarly, living 
streets and those with a speed limit of 30 km/h are perceived better than 
streets with a speed limit of 50 km/h while dedicated cycle streets are 
valuated even three times higher than living streets. Regarding street 
characteristics, side streets are preferred over main roads, asphalt is 
clearly favoured compared to cobblestones and on-street parking comes 
with a negative utility. The presence of trees leads to slightly higher 
utility; however, the magnitude is much smaller compared to the other 
characteristics. The travel time parameter is negative as expected, 
showing that each additional minute travel time reduces the utility of 
the alternative. 

Table 3 
Estimation Results.   

All Biketypes (Joint Parameter) Cargo Bike (Δ Regular Bike) E-Bike (Δ Regular Bike) 

Attribute Estimate (std. error) t-test Estimate (std. error) t-test Estimate (std. error) t-test 

ASC 1 4.49 (0.239) 18.8     
ASC 2 4.36 (0.236) 18.4     
ASC 3 4.64 (0.239) 19.4     
ASC 4 (no choice) 0 fixed     
Travel time − 0.319 (0.0186) − 17.2     
σ Travel time 0.227 (0.0169) 13.5     
Bike lane 1.57 (0.142) 11.2   0.409 (0.232) 1.76 
σ Bike lane     0.761 (0.239) 3.19 
Bike path 1.75 (0.191) 9.15 0.626 (0.21)  2.98 1.05 (0.263) 4 
σ Bike path 0.952 (0.133) 7.17     
Protected bike lane 3.04 (0.187) 16.2 0.6 (0.2)  2.99 1.18 (0.265) 4.46 
σ Protected bike lane 1.13 (0.119) 9.53   1.07 (0.238) 4.49 
No infrastructure 0 fixed     
Living street 0.991 (0.125) 7.93     
σ Living street 1.83 (0.14) 13.1     
Cycle street 2.89 (0.162) 17.8   0.607 (0.233) 2.61 
σ Cycle street     1.44 (0.336) 4.3 
Speed limit 30 km/h 0.693 (0.0588) 11.8     
Speed limit 50 km/h 0 fixed     
Side street 1.01 (0.166) 6.05 0.559 (0.185)  3.02 0.447 (0.241) 1.85 
σ Side street 0.803 (0.112) 7.19     
Main street 0 fixed     
Asphalt 4.2 (0.228) 18.4 0.665 (0.351)  1.9   
σ Asphalt 2.4 (0.179) 13.4     
Cobblestone 0 fixed     
On-street parking − 0.908 (0.0787) − 11.5 0.188 (0.114)  1.64 − 0.384 (0.121) − 3.18 
σ On-street parking 0.434 (0.111) 3.9   0.849 (0.144) 5.89 
No parking 0 fixed     
Trees 0.308 (0.0468) 6.59     
σ Trees 0.413 (0.0913) 4.52     
No trees 0 fixed     

Respondents 687      
Observations 5,496      
Log Likelihood − 5014.04      
Rho square 0.342       
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For cargo bike users, the five characteristics bike path, protected bike 
lane, side street, asphalt and on-street parking differ compared to the 
joint parameters for all users, while e-bike users value bike lanes, bike 
paths, protected bike lanes as well as cycle streets, side streets and on- 
street parking differently. Those estimated parameters are presented 
in the two rightmost columns in Table 3. Protected bike lanes for 
example are valued about 20 % higher by cargo bike users and even 
nearly 40 % higher by e-bike users than by users of regular bike types. In 
the same way, bike paths, side streets and asphalt as smooth surface are 
valued between 15 % and 60 % higher by cargo bike users while e-bike 
users have higher preferences for bike lanes, bike paths, cycle street and 
side streets in the range between + 20 % and + 60 % compared to 
regular bike users. The presence of on-street parking is perceived 
differently by both bike type users. While the general utility of on-street 
parking is negative, e-bike riders experience an even higher disutility 
from it, while cargo bike users perceive parked cars less negative 
compared to regular users. 

For the variables travel time, living street, speed limit 30 km/h and 
trees along the street, no differences were found between the analysed 
groups. Furthermore, attributes bike lane as well as cycle street are 
perceived no different by cargo bike users compared to regular users. 
This is the same for the attribute asphalt for e-bike riders. 

The subsequent analyses relating the utilities from the infrastructure 
attributes to the marginal utility of travel time result in a value 
describing the willingness for detour in minutes for other route char
acteristics compared to the reference. For regular bike users this leads e. 
g. to willingness to detour for around 10 min, to ride on a protected bike 
lane instead of a main street without cycling infrastructure or 5:30 min 
for a bike path. The relation of all infrastructure characteristics to travel 
time is shown in Fig. 2 separated by the three analysed bike types. There 
it can be seen, that the willingness to travel longer to ride on better 
infrastructure is almost always higher for the analysed bike types cargo 
bike and e-bike. This amounts up to nearly 16 min for cargo bikes having 
an asphalt street instead of cobblestones. The least preferences exist for 
trees along the route, with not even 1 min willingness to detour for all 
bike types.Fig. 3.. 

Discussion 

First, it can be concluded that the estimated effects of route char
acteristics ‘protected bike lane’ and ‘cycle street’ are among the most 
important considering all attributes. These types of infrastructure seem 
to have an extremely high value for the whole group of cyclists. This 
finding was similarly delivered by an initial evaluation of a different 
subsample derived from the same poll (Hardinghaus and Papantoniou, 
2020). Furthermore, the general direction and relative magnitude of the 
other characteristics is also comparable with the earlier analyses 

(Hardinghaus and Papantoniou, 2020). 
Looking at the differences in utility of attributes between users of 

regular bikes and those of cargo and e-bikes, we see several particular
ities. Overall, it can be observed, that e-bike riders and cargo bike riders’ 
value better conditions for bicyclists more than those with regular bikes. 
It is striking, that for all characteristics where differences exist, except 
for parking, the magnitude of the estimated parameter is stronger than 
for regular bikes. This indicates, that preferred infrastructure charac
teristics are valued more by riders of e-bikes and cargo bikes. The 
parameter estimates show, that the value of single characteristics is 60 % 
higher compared to users of regular bikes. Only for on-street car parking, 
there is a difference between the sign for cargo bike and e-bike, with 
cargo bike riders have lower preferences for streets without parking. 
This may arise from the fact, that many cargo bikes have three wheels 
and are therefore more stable and not in danger of dooring, while e-bikes 
ride at higher speeds and therefore suffer harder from dooring accidents. 
For the infrastructure variables bike path, bike lane, protected bike lane 
and cycle street, the additional utility for e-bike riders is higher than for 
cargo bikes. This may be due to the fact, that e-bike riders tend to ride 
faster and therefore require even more qualitative dedicated infra
structure. In contrast, asphalt as surface is much more valued by cargo 
bike users, which may be explained by heavier weight and loads that 
makes riding on cobblestones even more complicated. 

The subsequent estimation of willingness for additional travel time 
uses the utilities from the infrastructure attributes together with utility 
of travel time. Because the utilities for travel time do not differ across 
bike types under consideration, the differences result from the infra
structure utilities only. These calculations quantify the model results 
defining a practical value and therefore allow for an apparent under
standing of the results gathered. 

In context to recent literature, this study adds important results for 
the perception of infrastructure elements by different bike type users. 
Our results show, that many infrastructure attributes are valued higher 
by e-bike and cargo bike users and therefore a higher willingness to 
make a detour exists. This is in line with the results of Allemann and 
Raubal (2015) and Campbell et al. (2016), stating, that for e-bike users, 
taking the shortest route is less important than for users of regular bikes. 
This is also the case for the route environment which was found not 
important by Allemann and Raubal (2015) and shows the least impor
tance in this present study when looking at street greenery. For other 
analysed infrastructure characteristics, like traffic lights, low traffic 
volume or the share of bike lanes and paths, Allemann and Raubal 
(2015) did not find significant differences between the two groups, 
which is in contrast to our findings that show significant differences. 
This is also confirmed by an analysis from Chavis and Frias-Martinez 
(2021) showing that e-bike users ride to a significantly higher share 
on streets with cycleways (Chavis and Martinez, 2021). One route 

Fig. 2. Employment and Education of Sample.  
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characteristic, which was not considered in this study, is the elevation 
gain and presence of steep road segments. While Allemann and Raubal 
(2015) found that there is a significant difference between e-bike and 
regular bike users in the avoidance of steep road segments, Chavis and 
Frias-Martinez (2021) could not find any significant difference in the 
route choice. Comparing the results of cargo bikes to regular bikes with 
existing literature, our results show similar to Liu et al. (2020), that the 
speed limit for cars is no important factor for route choice. Only when 
further regulations which prioritize bikes over cars in side streets are 
proposed together with lower speed limits the utility for cyclists rises 
significantly. For on-street parking cars, we found this less important for 
cargo bikes than for regular bikes, while the results from Liu et al. (2020) 
differ between Stockholm and Amsterdam with high importance in the 
first city and low importance in the latter. Further, our results show, that 
cargo bike users prefer bike paths and protected bike lanes even more 
than regular users, while there is no difference for regular bike lanes. 
This may be explained by the width of bike paths, which are often 
narrower (at least in Germany, where the study took place) and there
fore less comfortable for cargo bikes (Liu et al., 2020). A general pref
erence of cargo bike users to cycle outside of potentially narrow 
separated infrastructures as concluded by Liu et al. (2020) can clearly 
not be seen in the present study. Contradicting, across all groups, both 
separated infrastructures are valued highest by users of cargo bikes. 
Other important factors found by Liu et al. (2020) are the smoothness of 
the route and the number of vehicles along, this is reflected in our 
findings that show cargo users prefer even more riding in side streets and 
on asphalt. 

As pointed out, this study shows, that there exist significant differ
ences in the perception of several infrastructure elements in route choice 
between users of different bike types. However, these findings are to 
some extend limited by the self-selective sample, which may be biased 
due to recruiting in social media and cycling groups. As described there 
are strong distortions compared to the whole German population. With 
the weighted subsample, we converge different populations of re
spondents and can therefore investigate different preferences caused by 
bike types but do not evaluate potentially different user groups. The 
approach used also does not elicit different preferences resulting from 
sociodemographic variables. Further, we can only determine route 
preferences according to attributes used in the experiment. There might 

be more influencing factors which were not considered, like route ele
vations (Allemann and Raubal, 2015) or the importance of seasons 
(Dybdalen and Ryeng, 2021). As described, we do not consider weather 
influences and base the findings on a hypothetical day under good 
weather conditions. Lastly, we do not recognize typical spatial charac
teristics (urban, suburban, rural) or the place of living of the respondents 
which may affect the results due to different experiences. 

Based on the discussed findings of the present study, we draw rec
ommendations for planning and practice. In general, desirable road 
properties appear similar for the entire cyclists’ population. For riders of 
cargo bikes and e-bikes the according characteristics are even more 
important. Consequently, all cyclists and potential cyclists benefit from 
the transformation of the road infrastructure according to the discusses 
findings. More precisely, building a network of protected bike lanes 
along main streets and dedicated cycle streets in side roads as well as 
ensuring smooth surfaces are key interventions to satisfy cyclists. This 
transformation seems even more crucial as those bike types with higher 
requirements are increasingly popular. 

Conclusion 

This contribution investigates the route preferences of users of new 
bike types (cargo bike and e-bike) based on a nationwide discrete choice 
experiment. Using mixed logit models, the effect of several route char
acteristics on route choice is evaluated and compared to such of users of 
regular bikes. 

In conclusion, the research proves that route requirements of users of 
innovative bike types such as cargo bike and e-bike are generally higher 
than those of users of regular bikes. Given the increasing importance of 
the innovative bike types researched, the importance of a high-quality 
bike infrastructure seems even more important than under consistent 
conditions regarding the bicycle stock. Thereby, physically separated 
infrastructures along main streets such as bike paths and protected bike 
lanes are of major importance for the specific user group. In addition, 
routes through side streets in general and cycle streets with priority for 
cyclists in particular fulfil user needs. 

Hence the research delivers arguments for designing a future-proof 
bike friendly city. It also may give decision support for planners when 
various routing or design variants are discussed. 

Fig. 3. Valuation of infrastructure attributes in relation to travel time.  
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