
Research Article

Transportation Research Record
1–14
� The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/03611981241245676
journals.sagepub.com/home/trr

Car or Cargo Bike? Determinants for the
Use of a Small Vehicle Type in Urban
Logistics: A Stated Preference Survey
Among Commercial Transport
Operators

Johannes Gruber1 , Martin Plener1 , Lara Damer1 , and Ilka Dubernet1

Abstract
To address the adverse effects of urban freight, downshifting to smaller vehicles, such as cargo bikes, has been indicated as a
viable solution. Existing literature on freight mode choice rarely considers vehicles smaller than truck size. We aimed to fill
this research gap by quantifying how vehicular, operational, trip-based, contextual, and individual determinants influenced the
decision between cargo bikes and cars in urban logistics. To that end, a stated preference survey was conducted among 537
German organizations after they had been familiarized with cargo bikes through a 3-month vehicle trial period. Participants
then took part in a survey in which they had to choose between the modes cargo bike, car, or neither of these two alterna-
tives. The survey data were analyzed using a mixed logit model with 4,833 observations. The model estimations demon-
strated that the values and signs of parameters were in accordance with both our expectations and the literature. The
results indicated that cargo bikes were an attractive alternative to cars for delivery and service trips of short duration in fair
weather. The probability of choosing a cargo bike over a car could be further increased by improving bike infrastructure or
imposing parking limitations. The preference for cargo bike could be observed for respondents in dense urban centers and
low-density parts of the country alike. Around 3 out of 10 respondents decided to buy their own cargo bike after the study,
demonstrating the effectiveness of low-threshold testing programs in changing habits toward more sustainable mobility
solutions.
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Urban freight transport still relies heavily on conven-
tional combustion vehicles of small and medium sizes.
Of the 3.55million trucks registered in Germany, the vast
majority (85%) are light commercial vehicles up to 3.5
metric tons (3.86 short tons) (1). Moreover, 10.8% of the
433.3million registered passenger cars in Germany are
used commercially (2). Increasingly, conventional deliv-
ery is under pressure, not least because of the steady
growth in e-commerce, which necessitates new require-
ments for delivery concepts (3). Authorities have also
implemented measures and regulations, including park-
ing and travel limits for trucks both in U.S. and
European cities (4, 5). The reduction of truck lanes in

favor of cycling also leads to more difficult conditions
for classic delivery vehicles, which creates increasing
competition for space, as shown in cities such as New
York, San Francisco, and Berlin (6–8).

Companies are therefore forced to think about alter-
native vehicle concepts for last-mile delivery. Small elec-
tric vehicles, such as electric cargo bikes, have been
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discussed within the last decade, especially to enable
micro- or nanohub concepts (3, 9). Test programs also
show the applicability for craftsmen, service trips, and
logistics activities of municipalities (10). In Germany,
there has been a clear market upturn in the spread of
cargo bikes. More and more businesses in Germany are
acquiring cargo bikes as a replacement for or supplement
to a conventional car or light commercial vehicle, thereby
taking advantage of its legal equality with the bicycle or
for other ecological or economic motivations. Following
EU law, no license or insurance is required for cargo
bikes with an electric support up to 250W and a maxi-
mum electrically assisted speed of 25 km/h (15.5mph), as
the vehicles are considered ‘‘bicycles’’ within these limits
(11). Sales grew from 76,000 cargo bikes sold in 2019 to
213,000 in 2022 (12, 13). This is also related to subsidies
from the German government (funding of 25% of the
purchase price up to e2,500) and other bodies.

Although the potential of cargo bikes is widely recog-
nized, the actual shift from conventional vehicles with
internal combustion engines (ICEs) in commercial traffic
has so far remained marginal (14). One reason for the
still very low sales figures compared with conventional
vehicles might be that there is a lack of knowledge about
the operational capabilities of cargo bikes and where
their advantages over conventional delivery vehicles can
best be utilized, for example, independence from parking
spaces, direct accessibility to the destination, or less vul-
nerability in relation to congestion. In addition to a lack
of information, preexisting habits in mode choice deci-
sions also influence people to select the familiar vehicle
when in doubt.

This paper aims to address the research gap on which
determinants have substantial influence on the (short-
term) choice between conventional vehicles and cargo
bikes for commercial freight or service trips. The term
‘‘conventional vehicles’’ refers to passenger cars and light
commercial vehicles up to 3.5 metric tons total mass with
an ICE. Overall, the knowledge on commercial mode
choice will be expanded with a light vehicle type that has
not been considered so far.

The paper outline is as follows. The state of the art-
provides an overview of the currently available research
on various aspects of cargo bike usage and decision mak-
ing. In the methods section, the background, data, and
analytic methods of the study are outlined. Following a
description of the sample, the final estimation results are
presented and discussed. This contribution ends with a
conclusion.

State of the Art

This paper deals with the choice of a vehicle type for
commercial trips, either for goods transport or the

provision of services. However, the traditional literature
on freight mode choice can hardly be used for this pur-
pose, as it typically assumes a distribution between road,
rail, and inland water transport (15, 16), as well as occa-
sionally coastal shipping or pipelines (17). The existing
body of literature shows a gap in the consideration of
decision parameters that determine the use of small vehi-
cles in freight transport.

Although small vehicles such as cargo bikes are not
classically considered within mode choice, different cri-
teria have been investigated concerning their influence on
the general willingness to use or willingness to buy cargo
bikes, such as vehicular, operational, infrastructural, con-
textual, or individual factors.

Relevant vehicular factors such as weather protection,
electric range, and purchase price affect the willingness
to use cargo bikes in commercial transportation (18).
Provision of weather protection on cargo bikes
encourages use and makes it more competitive against
cargo bikes without protection (19). In earlier studies,
electric range was also a limiting factor for choosing
cargo bikes over cars for last-mile logistics (20).

The operational benefits of cargo bikes also influence
the willingness to use them. Being especially suitable for
areas with high population density and -commercial
activity, cargo bikes are preferred in central business dis-
tricts or city centers with narrow streets (21, 22).
Choubassi underlines the operational advantages of
cargo bikes in these areas (23). A small spatial business
area has also proven to be a favorable aspect by decision
makers, as well as the perception of operational benefits,
such as easier accessibility or more flexible parking (24).

Furthermore, willingness to use might be connected
with the corporate philosophy, as using nonmotorized
vehicles could be the outcome of conviction and aware-
ness (25). Moreover, soft benefits such as employee
health or the achievement of corporate environmental
goals have been shown to affect the choice of cargo bikes
positively (26).

The condition of the bicycle infrastructure also plays a
role: companies are less inclined to use cargo bikes when
poor infrastructure is prevalent; furthermore, research
indicates that a lack of overnight storage as well as park-
ing spaces also limits utilization (19). It is critical to con-
sider different users, such as cargo bike users, walkers, or
car users with multiple purposes while planning infra-
structure to ensure the safety of bicycle riders (27). While
cargo cyclists often use the road as well as cycle paths
when they are moving, parking events for cargo cyclists
primarily occur on the sidewalk (28). The direct accessi-
bility of the destination is a significant difference to the
use of infrastructure by conventional vehicles.

A study by Malik et al. looked at contextual aspects,
such as how weather events, temperature, route length,
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and rainfall affect the use of electric cargo bikes for last-
mile delivery and service trips. Based on a small sample
of 12 businesses in Ireland, it became evident that high
maximum temperature has a negative influence on trip
length, followed by rain. As trip length grows, environ-
mental factors such as weather and traffic conditions
make cargo bike use increasingly less appealing. The
study also reveals a joint effect of precipitation condi-
tions and temperature on the choice of electric cargo
bikes (29).

Individual characteristics also influence the adoption
of cargo bikes. Factors such as younger age, male gender,
lower income, and higher education play a significant
role in the willingness to use cargo bikes among last-mile
couriers (20, 30). Automobile ownership reduces willing-
ness to use cargo bikes as well (30). The question of the
choice of a transport mode can be determined by one’s
experiences: Bem’s self-perception theory explains how
self-knowledge is gained, and describes that people
change their perception toward a subject through obser-
vation of their personal actions (31–33). In relation to
transportation, a positive experience with cycling can
have a positive effect on the perception of cycling, even
though the perception was poor beforehand. This may
lead to behavioral changes, for example, in the preferred
choice of bicycle (33). At the same time, people develop a
stronger habit in their mobility behavior if they use a
mode more frequently, increasing their willingness to use
this mode as a result (34).

In conclusion, this literature review highlights a signif-
icant gap in understanding the factors influencing the
choice of small vehicles, particularly cargo bikes, for
commercial transportation. Although existing studies
have touched on various vehicular, operational, infra-
structural, contextual, and individual factors, there
remains a lack of comprehensive integration of these ele-
ments. The unique operational benefits, infrastructural
needs, and individual preferences associated with cargo
bikes, when contrasted with traditional transport modes,
point toward a complex decision-making process that is
not yet fully understood. This underscores the necessity
of our study, which aims to provide a more holistic
understanding of the decision-making parameters sur-
rounding the ‘‘car or cargo bike’’ choice in commercial
transport. By bridging this gap, our research seeks to
contribute significantly to both academic literature and
practical applications in urban logistics and sustainable
transportation planning.

Methods

Experimental Setting

The research project ‘‘Ich entlaste Städte’’ (I relieve cit-
ies) was conducted by the Institute of Transport

Research at the German Aerospace Center from 2017
to 2020. It aimed to provide a Germany-wide opportu-
nity for companies to test cargo bikes as an alternative
to conventional vehicles. This initiative allowed orga-
nizations, that is, companies from various business
sectors as well as municipal institutions or nongovern-
mental organizations (NGOs) across Germany to test
cargo bikes for a period of 3 months, minimizing the
monetary risks involved. The project was aimed at
organizations engaged in urban freight transport or
service trips, which that are interested in utilizing
cargo bikes. The opportunity to participate in the proj-
ect was advertised nationwide through various chan-
nels, multipliers, and industry networks to attract a
diverse group of participants.

During the period from spring 2017 to fall 2019, 1,935
applications were received. Approximately 70% of these
applications met the specified selection criteria, which
included commercial (not personal) vehicle use, agree-
ment to provide research data, and willingness to pay a
monthly usage fee of e30. Companies with prior cargo
bike experience were given lower priority. Finally, a total
of 755 organizations across Germany were given the
opportunity to test cargo bikes in operational use, with a
mean testing period of 96 days, a mean total mileage of
437km (272 mi), an average of 2.8 usage days per week
and 10.6 km (6.6 mi) mileage per usage day (refer to
Table 1 for more details). Practical training, mainte-
nance, insurance, and repairs were provided. For partici-
pant characteristics, refer to the section ‘‘Sample
Characteristics.’’

To facilitate the testing process, 152 cargo bikes were
made available, with usually one vehicle assigned to each
involved company. To cater for different transport
requirements and preferences, a total of 23 different
cargo bike models across five main design types were
provided. These models represented a wide range of the
vehicle market available at the time, including small and
easily maneuverable cargo bikes such as two-wheeled
Long John bikes, which have a low-lying loading area
between the head tube and the front wheel, as well as
large tricycles capable of transporting heavy loads. Most
vehicles were equipped with electric pedal assistance up
to 25 km/h (‘‘pedelec-25’’), and thus legally equivalent to
bicycles (11). A visualization and further explanation of
the design types can be found in research by Gruber (10)
and Mowe et al. (35).

The empirical data were collected over a period of
approximately 3 years using several online question-
naires. The stated preference (SP) survey relevant to this
paper was completed by the participating companies
(predominantly by respondents with managerial respon-
sibility) at the end of the 3-month test period, as
explained in the following section.
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Table 1. Sample Descriptive Statistics

Organizational background

Type of organization % Business sector %
Self-employed, freelancer 23.5 Agriculture, forestry and fishing 3.0
Company 48.4 Manufacturing 9.1
Public institution 16.0 Electricity, gas, steam and air conditioning supply 0.9
NGO, association 12.1 Water supply, sewerage, waste

Number of employees % management and remediation activities 1.1
No employees (self-employed) 24.4 Construction 11.0
1–9 37.6 Wholesale and retail trade 7.1
10–24 11.8 Transportation and storage 4.5
25–49 5.3 Accommodation and food service activities 6.1
50–250 11.5 Information and communication 5.2
More than 250 9.4 Financial and insurance activities 0.4

Size of the city in which the company is located % Real estate activities 1.3
Below 20,000 inhabitants 19.0 Professional, scientific and technical activities 9.9
20,000–99,999 inhabitants 19.4 Administrative and support service activities 7.6
100,000–499,999 inhabitants 26.1 Public administration and defense 10.4
500,000 or more inhabitants 35.6 Education 6.1

Human health and social work activities 5.2
Arts, entertainment and recreation 4.8
Other service activities 6.1

Respondent background

Sex % Education %
Female 18.1 No graduation 0.2
Male 81.9 Elementary school 3.4

Age Secondary school 21.6
Up to 29 9.1 University-entrance diploma 16.4
30–39 23.1 University degree 48.2
40–49 32.2 PhD 2.3
50–59 31.1 Master craftsman’s diploma 7.9
60 and older 4.5 Frequency of personal bicycle usage %

Respondent’s vehicle type used for
own commercial trips

% Never 0.9

By foot 1.9 Rarely 6.1
Bicycle or cargo bike 27.4 Sometimes 15.5
Public transport 7.1 Frequently 53.6
Car 43.6 Always 23.8
Van \3.5t 17.1 Frequency of personal cargo bike usage %
Truck .3.5t 0.6 Never 68.2
I usually have no commercial/business trips 2.4 Rarely 15.3

Sometimes 9.6
Frequently 5.5
Always 1.3

Fleet composition and management

Respondent has managerial responsibility % Fleet decision-making style, % (43) %
Yes 82.1 Autocratic 79.5

Average fleet composition, nos. vehicles Democratic 3.4
Cargo bikes 0.8 Hierarchic 11.9
Cars 3.9 Bureaucratic 5.3
Vans/Light trucks 2.6
Heavy trucks 0.6

(continued)
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Survey Design

In the preliminary survey, selected participants were
asked about the following points of a journey: vehicle
with which the transport is carried out, single or multiple
destinations during the transport, costs for this trans-
port, distance, and journey time of the transport. From
the results, it was determined that no distinction between
light commercial vehicles and passenger cars was neces-
sary. The first questionnaire was administered before the

start of the described cargo bike test and queried infor-
mation about organization, fleet, and individual atti-
tudes. At the end of the 3-month test period, the SP
survey was conducted to measure the willingness of com-
panies to use cargo bikes and later to place a monetary
value on it. The fundamental concept underpinning SP
modeling is to gain insight into how individuals make
choices when presented with various hypothetical

Tested vehicle

Vehicle design % Electrification %
Pizza delivery bike 6.3 No electric engine 8.6
Long John 61.6 pedelec-25 engine (up to 25 km/h) 86.4
Longtail bike 2.8 pedelec-45 engine (up to 45 km/h) 5.0
Trike, front-load 24.6
Trike, heavy-duty 4.7

Operational

Main trip purpose, % % Riders of the provided cargo bike %
Service trips 57.4 Only respondent 47.4
Goods transport 42.6 Respondent and others 38.4

Only others 14.2
Total mileage during test period Mileage per usage day (app-based tracking)*

Mean 437.3 km (271.7 mi) Mean 10.6 km (6.6 mi)
Q1 114.5 km (71.1 mi) Q1 5.4 km (3.4 mi)
Q2/median 271.7 km (168.8 mi) Q2/median 8.7 km (5.4 mi)
Q3 564.1 km (350.5 mi) Q3 13.5 km (8.4 mi)

Trial period duration Usage days per week
Mean 96.1 days Mean 2.8 days

Assessment of the vehicle test

Suitability of cargo bikes for
the organization’s purposes

% Decision to purchase own cargo bike afterwards %

Not at all suitable 1.8 Yes 28.3
Slightly suitable 10.2 No 71.7
Moderately suitable 28.1 Vehicle optimization is necessary, %
Rather suitable 31.8 Yes 77.3
Highly suitable 28.3 No 22.7

Attitudes toward drivers and barriers of cargo bike usage

Cargo bikes cannot cover
our spatial business area

% The implementation of cargo bikes
requires organizational effort

%

Do not agree 27.6 Do not agree 22.2
Agree slightly 20.5 Agree slightly 32.8
Agree moderately 22.5 Agree moderately 23.3
Rather agree 16.6 Rather agree 16.8
Strongly agree 12.8 Strongly agree 5.0

Using cargo cycles in traffic is dangerous, %
Do not agree 11.2
Agree slightly 26.8
Agree moderately 33.3
Rather agree 19.2
Strongly agree 9.5

Note: NGOs = nongovernmental organizations. * 77 omissions, not included in model

Table 1. (continued)
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alternatives. Our approach aligns closely with the princi-
ples outlined in Train (36). Furthermore, the six points
identified by Ben-Akiva et al. for a sound and meaning-
ful SP survey were considered in the design of the SP sur-
vey used: familiarity, outside option, incentive
compatibility, preference orders, matching with real mar-
ket data, and testing for response bias (37).

Considering the findings from a preliminary survey
conducted, the SP survey was set to two alternatives:
cargo bike and car. Respondents also had the option of
stating that they would not conduct the trip in general
under the given conditions. The focus of this study was
the downshift to the cargo bike, which was most likely
from small vehicle classes such as the car or light commer-
cial vehicles—from which vehicle class exactly was not of
great importance. Thus, choices between several conven-
tionally motorized alternatives were not offered.

Twenty-seven different decision situations were gener-
ated. Each respondent was presented with nine SP choice
games, in which they had to decide between cargo bikes,
cars, or the nonchoice option. Attributes that influence
the choice of transport mode were identified in advance.
Attributes of the alternatives (such as cost or travel time),
which differed depending on the alternative, as well as
attributes that were the same for all alternatives and
related to the trip (such as weather conditions) were
included as follows:

� Trip distance: Cargo bikes tend to be most suitable
for distances up to 3km (1.9 mi) (38). Frequently,
direct trips are made with cargo bikes that return to
the starting point. Two distances were chosen, where
the trip to the destination point was once below the
3-km and once above the 3-km threshold (5-km/3.1-
mi roundtrip and 12-km/7.5-mi roundtrip).

� Weather conditions: Two potentially influencing
dimensions of weather were asked categorically:
air temperature and the presence of precipitation
(rain or snow).

� Parking situation: Whereas cargo bikes can always
park at the destination, this differs for cars.

� Type of infrastructure: Riding in moving traffic or
on a separate cycle path was queried as alterna-
tives for cargo bike traffic situations, whereas
there was no variation for cars.

� Travel time: The average speeds of motorized
vehicles and cargo bikes were varied asymmetri-
cally, as travel time is an important aspect in the
decision for a mode of transport.

� Costs: The costs of transport were considered by
setting the coefficient to be estimated for the costs
to 1. Average values from the literature were used
and adjusted in the pretest.

� Risk of damaging goods: The risk of damage was
quantified by specifying the shares of damaged
loads. Variations of 0%, 5%, and 15% were used.

� Delayed delivery: The risk of delay was quantified
by specifying the shares of delayed delivery.
Variations of 0%, 5%, and 15% were used.

For the queried values in the SP choice game, please
refer to Figure 1. The experimental design was generated
with the help of the software Ngene 1.1.2 (39) and the
survey was administered via online questionnaire.
Respondents chose between one set of options on the
‘‘cargo bike card’’ and the values in the corresponding
position on the ‘‘car card,’’ or chose the ‘‘nonchoice’’
option.

In addition, it was asked which attributes were per-
ceived as very important or irrelevant. A query about
‘‘cut-off’’ values was conducted through qualitative
interviews to determine exclusion criteria that
may influence the parameter estimates. These cut-offs
were expressed in the appropriate basic units (e.g.,
e/km, km/h).

Statistical Analysis

The choice between a cargo bike or a car for a given
trip was modeled using an error component model.
This allowed the consideration of intra-individual cor-
relation and heteroscedasticity (36). The error compo-
nents were added in a ‘‘pseudo panel’’ setting: for each
alternative, a different random variable, normally dis-
tributed with variance uji, n, was added to the utility.
The value of this variable was considered fixed across
the choices of each individual, representing personal a
priori preferences. The model represents the choice
between two different modes. However, an opt-out
alternative was also presented to the respondents in
case they elected not to make the trip at all. Some atti-
tudinal factors have been found to be important in
influencing the utility of the cargo bike alternative.
Since the model is primarily analytical in nature and
not intended for forecasting purposes, these factors
were included in the alternatives as dummies rather
than via latent variables. On the one hand, this facili-
tated interpretation of the estimators and, on the other
hand, did not further increase the complexity of the
model given the small sample size.

Estimation of the model parameters was performed
using the Apollo package (40).

Selection of the variables to be included in the model
was supported employing the methodology described by
Hillel et al. (41). Applying this method to our data
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showed that weather conditions and the daily mileage
were strong predictors of vehicle choice.

The utility functions for the alternatives can be written
as follows:

Ucargo bike = dcargo bike +bcost 3 xcost, cargo bike, n +

btime, cargo bike 3 xtime, cargo bike, n +

brain, cargo bike 3 xrain, n +btemp5, cargo bike 3

xtemp5, n +btemp18, cargo bike 3 xtemp18, n +

binfra, cargo bike 3 xroad infrastructure, n +

bdamage, cargo bike 3 xdamage, cargo bike, n +

borgFrlance, cargo bike 3 xorganization freelance, n +

bsuitable, cargo bike 3 xorganization purpose very suitable, n +

bprofitability, cargo bike 3 xprofitability, n +

blong�john, cargo bike 3 xtype long�john, n +

bbicycleUsage, cargo bike 3 xprivate bicycle usage, n +

bcbUsage, cargo bike 3 xprivate cargo bike usage, n +

btimeJobTrips, cargo bike 3 xhours, n +

bdailyMileage, cargo bike 3 xtracked mileage, cargo bike, n +

bbuyers, cargo bike 3 xbuyers, n +battRange, cargo bike 3

xAgreement Range, n +battEffort, cargo bike 3

xAgreement Effort, n +battSafety, cargo bike 3

xAgreement Safety, n +battFun, cargo bike 3

xAgreement Fun, n + ujcargo bike, n + en

Ucar = dcar +bcost 3 xcost, car, n +btime, car 3

xtime, car, n +bnoparking
3 xnoparking , n +bdamage, car 3

xdamage, car, n + ujcar, n + en

Unon�choice = dnon�choice + ujnon�choice, n + en

where
Ui = utility of the alternative i;
xj, i, n = attribute j of alternative i by decision maker n;
uji, n = error component for alternative i; and
en = Gumbel-distributed error term.

A detailed description of the attributes can be found in
Table 2.

We additionally calculated willingness-to-pay (WTP)
values using the Delta method provided within the
Apollo package (40, 42).

Results and Discussion

Sample Characteristics

In the following, we present the composition of the sam-
ple of 537 organizations that participated in the long-
term test and the underlying SP survey (Table 1). The
study included a diverse heterogeneous cross-section of
the German economy and the public sector, including
companies, self-employed persons, public institutions,
and NGOs/associations, fairly evenly distributed across
all sectors of the economy. The companies were also dis-
tributed quite representatively across all sizes of city in
Germany, not just metropolitan areas. A substantial pro-

Figure 1. Attributes and attribute levels of the choice experiment.
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Table 2. Estimation Results

Category Variable Description Estimate

Robust
standard

error
Robust

t-ratio(0) p-value

Constant ASC_CB Alternative-specific constant for cargo bike 3.784 0.494 7.661 ***
Constant ASC_car Alternative-specific constant for car (fixed) 0.000 NA NA
Constant ASC_nonchoice Alternative-specific constant for nonchoice 23.964 0.260 215.223 ***
SP experiment temp_5C_CB Air temperature: 5�C/41�F (versus 23�C/27�F) 0.580 0.134 4.318 ***
SP experiment temp_18C_CB Air temperature: 18�C/64�F (versus 23�C/27�F) 1.113 0.132 8.440 ***
SP experiment rain_CB Precipitation 22.778 0.150 218.564 ***
SP experiment infra_CB Road infrastructure: safe bike path (versus road

with mixed traffic)
0.371 0.088 4.234 ***

SP experiment parking_car Car parking situation: no-stopping zone (versus
parking available)

20.450 0.102 24.424 ***

SP experiment cost Total cost of trip 20.045 0.008 25.827 ***
SP experiment time_CB Travel time (CB) 20.060 0.004 216.461 ***
SP experiment time_car Travel time (car) 20.009 0.005 21.802 *
SP experiment damage_CB Risk of damaging goods (CB) 20.047 0.010 24.573 ***
SP experiment damage_car Risk of damaging goods (car) 20.009 0.009 20.938
Organization orgFrlance_CB Type of organization: freelancers, self-employed 0.498 0.197 2.533 **
Vehicle cbType LongJohn_CB Tested vehicle design: Long John (versus all other

vehicle designs)
0.165 0.159 1.042

Respondent bicycleUsage_CB Frequency of personal bicycle usage 0.730 0.167 4.362 ***
Respondent cbUsage_CB Frequency of personal cargo bike usage 0.793 0.379 2.091 **
Respondent timeJobTrips_CB Hours of work per week spent on commercial

transport trips
0.021 0.011 1.989 **

Operational Daily Tracked
Mileage_CB

Average mileage per day during testing period 0.073 0.017 4.206 ***

Operational attRange_CB Agreement with statement ‘‘Cargo cycles cannot
cover our spatial business area’’ (Likert scale
1 to 5)

20.289 0.057 25.021 ***

Operational attOrganizational
Effort_CB

Agreement with statement ‘‘The implementation of
cargo bikes requires organizational effort’’ (Likert
scale 1 to 5)

20.215 0.074 22.913 ***

Long-term evaluation cbSuitability_CB Suitability of cargo bikes for the organization’s
purposes: very/quite suitable

0.466 0.184 2.528 **

Long-term evaluation cbBuyers_CB Buyers of an own cargo bike after the end of the
test

0.458 0.184 2.498 **

Road safety attRoadSafety _CB Agreement with statement ‘‘In road traffic, you
are at risk on a cargo bike’’ (Likert scale
1 to 5)

20.188 0.070 22.697 ***

Error-Comp. sigma_panel Variance parameter for the error component 21.265 0.091 213.847 ***
Number of individuals 537
Number of cases 4,833
Number of interindividual

draws
100 (mlhs)

LL(start) 25,309.59
LL(final) 22,626.349
Adj. rho2 versus observed

shares
0.287

AIC 5,300.69
BIC 5,456.29
Estimated parameters 24

Note: NA = not available; SP = stated preference; CB = cargo bike; mlhs = modified latin hypercube sampling; LL = log-likelihood; AIC = Akaike

information criterion; BIC = Bayesian information criterion.

*p\0.1; **p\0.05; ***p\0.01.
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portion of respondents (83%) held managerial positions
within their organizations, indicating their key role in
influencing vehicle purchase and usage decisions. In addi-
tion, almost half of the respondents had a university
degree and 4 out of 5 respondents were male.

The vast majority operate small fleets, with an average
of 7.9 vehicles, a first quartile of two vehicles per fleet,
and a third quartile of six. The average number of vehi-
cles in each vehicle category is stated in Table 1. Around
98% of the total mileage is currently conducted by ICE
vehicles. Concerning the design of the tested cargo bikes,
‘‘Long John’’ bikes accounted for the largest proportion,
followed by front-loaded trikes.

The cargo bikes tended to be used more often for the
provision of services than for freight transport. In around
half the cases, the test vehicle was used solely by the
respondent; in the other cases, the vehicles were used by
both the respondents and other employees or (signifi-
cantly less frequently) exclusively by others.

At the end of the testing period, the respondents eval-
uated their experience predominantly positively: 6 out of
10 rated the cargo bike as rather or highly suitable. When
evaluating cost-effectiveness, respondents were somewhat
more reserved, but overwhelmingly viewed the cargo bike
as cost-effective. The respondents agreed that the cargo
bike was fun for the employees, but that the introduction
entailed organizational effort. The respondents were
divided, however, when assessing road safety and range.
Just under 3 out of 10 respondents subsequently decided
to buy their own cargo bike.

Model Estimation Results

Adjusted rho-squared is a heuristic statistic that is useful
for comparing models estimated on the same dataset. The
Akaike- and Bayesian information criterion values pro-
vided insights into model selection, with lower values indi-
cating better model performance. The model consisted of
24 estimated parameters, indicating a moderately complex
model. The results can be found in Table 2.

In total, out of 4,833 choice situations, the cargo bike
alternative was chosen 3,168 times (66%). Taking the car
was the preferred choice of the respondents in 1,471
situations (30%). In only 194 cases (4%) did respondents
select not to make the trip.

Variable ASC_CB represents the utility or attractive-
ness of choosing the cargo bike alternative, regardless of
other attributes or characteristics of the choice situation.
It served as a fixed constant that added to or subtracted
from the overall utility of choosing the cargo bike option.
In our model, the cargo bike alternative had a higher
inherent attractiveness compared with other options.

ASC_nonchoice represents the utility of choosing not
to make any trip, which was included in the experiments
to account for situations in which individuals might decide

not to choose any of the available alternatives.
ASC_nonchoice in our models indicated that not choosing
any option (meaning no trip) was generally less preferable
or less attractive than choosing one of the alternatives.

The variance parameters in the error component
model provided insights into the level of heterogeneity or
variability in individual-specific preferences for each
alternative. Larger variance values indicated more diverse
preferences, whereas smaller values implied more homo-
geneity in the preferences for a particular alternative.
These variance parameters were crucial in capturing
unobserved factors that influenced individual choices
and helped in understanding the relative importance of
the different factors considered in the model.

SP Attribute Discussion

For the three temperature levels tested in the survey
(23�C/27�F, 5�C/41�F, and 18�C/64�F), the warmer the
weather, the higher the probability of choosing a cargo
bike over a car (Table 2).

As with the temperature, the occurrence of precipita-
tion (i.e., rain or snow) strongly discouraged respondents
from choosing the cargo bike. It is among the strongest
factors for avoiding cycling in the conducted study.
These results were consistent with those obtained by
Malik et al., who found that the daily maximum tem-
perature and the amount of rainfall or snow were the
two main factors affecting trip length negatively (29).

Looking at an important pull factor (i.e., a strategy or
effect increasing the utility of a certain mode) for bicycle
mobility in general, this study also revealed the relevance
of adequate bicycle infrastructure. The presence of good
bike lanes had a clearly measurable effect in relation to a
usage decision toward cargo bikes. Investing in good
cycle paths could therefore lead to a significant advan-
tage in the use of cargo bikes. The literature supports our
findings: organizations are unlikely to use cargo bikes for
commercial transportation on routes with poor physical
infrastructure (14).

If there was a dedicated car parking space at the desti-
nation, the car was more likely to be chosen than the
cargo bike for the trip. Conversely, a shortage of car
parking made the cargo bike more attractive—also sup-
ported by the findings of Yu Faxèr (19) and consistent
with Dalla Chiara et al.’s results (28). This shows the
potentials for policy measures targeted at limiting car
parking.

The estimated coefficient for the total cost of the trip
indicated that higher costs decreased the likelihood of
choosing any mode of transport. For detailed results on
WTP, please refer to the section covering willingness-to-
pay values.

In line with the expected negative correlations, a lon-
ger travel time reduced the willingness to use any
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vehicle. However, willingness to use was reduced to a
much greater extent for the cargo bike (almost seven-
fold) than for the car. Based on this result, cargo bikes
appear to have a particularly positive benefit over short
distances, whereas at higher trip distances (i.e., longer
travel times), this push factor (i.e., the reduction of the
utility of this mode) becomes more effective than the
identified pull factors of cargo bikes. This is in line with
Gruber and Narayanan’s findings (38).

The parameter relating to the risk of damaging goods
was only significant for cargo bikes. This means that, for
a similar frequency of load damage, this risk had a higher
impact on the choice of cargo bike compared with car.
This might be because of the expectation that damage to
loads in a cargo bike will be more severe than in a car. It
might also suggest that individuals associate a higher risk
of damaging goods with cargo bikes, making them more
cautious about using them for transporting valuable or
fragile items. In contrast, the perceived risk of damaging
goods while using a car seemed to have less influence on
mode choice, implying that people might view cars as
more reliable for transporting goods without incurring
any damage.

The final variable from the choice set was risk of
delay, which does not seem to have had a significant
influence. It can be assumed that the chosen levels for
the risk of delay (0%, 5%, or 15%) were too low to be
perceived as relevant by the decision makers.

Additional Variables Discussion

The study also tested the effects of organizational and
individual factors on the choice of vehicle. Concerning
type of organization, it was shown that one-person busi-
nesses, that is, freelancers and self-employed persons,
strongly preferred a cargo bike over a car in comparison
to other types of businesses. Self-employed people who
participated in the cargo bike test were seemingly even
more eager than larger companies or public institutions
to transfer the general will to test cargo bikes towards a
more likely decision to use from journey to jorney. This
is also facilitated by the autocratic fleet decision-making
style (43).

Logistics practitioners often mention the different
handling and fields of application of small and flexible-
versus large and heavy-duty cargo bikes. However, in
our model we did not find the design type distinction had
a significant influence (i.e., having tested a two-wheeler
‘‘Long John’’ bicycle) on mode choice.

The respondents’ personal background also appeared
to influence their choices. Individuals who frequently
used personal bicycles and cargo bikes showed a strong
tendency to choose the cargo bike option. Consistent
with self-perception theory, respondents got used to a

cargo bike as a mode of transportation through more
frequent use and the resulting development of a stronger
habit (33, 34).

On commercial trips, respondents continued to travel
predominantly with ICE-powered vehicles (see section
‘‘Sample characteristics’’). Nevertheless, the more hours
per week the person spent on the road, the more likely
they were to choose the cargo bike. This type of vehicle
thus appears to be suitable for real road transport
professionals.

During the 3-month test period, companies were able
to assess whether the cargo bike met their operational
requirements. Factors such as daily mileage with the
tested cargo bike and its capacity to spatially cover the
business area played a crucial role in this evaluation.
More mileage during the testing period increased willing-
ness to use, whereas concern about insufficient range for
the existing business area reduced it. Additionally, the
need for organizational effort, associated with costs and
staffing requirements, affected firms’ willingness to inte-
grate cargo bikes in their short-term decision making.
Furthermore, the test enabled the companies to estimate
how laborious or expensive the introduction of cargo
bikes would be for the company. Companies that associ-
ated a large operational effort with the integration of
cargo bikes were also less willing to dispatch them in the
analyzed short-term decision.

At the end of the test period, decision makers pro-
vided a fundamental evaluation of past and potential
future cargo bike use cases within their companies. The
assessment of the suitability of the cargo bikes for the
company’s business purposes was, as expected, related to
the decision to use them. Companies that were able to
convince themselves of the suitability during the practical
test clearly and significantly preferred the cargo bike to
the car in the choice experiments. The same applied to
around 30% of the companies that acquired their own
cargo bike after the test without support from the
project.

A final variable addressed the issue of road safety.
Respondents who associated safety concerns with cargo
bikes tended to prefer cars.

Among the numerous variables that were tested for
correlations with the willingness to use cargo bikes or
cars, there were also some insignificant variables worth
reporting, including the following. At the individual
level, gender and age of respondents did not signifi-
cantly affect their decision between a cargo bike and a
car, contrary to previous studies (20). The same applied
to company size. Looking at contextual variables, pop-
ulation density also turned out to be nonsignificant.
This was contradictory to findings suggesting that
cargo bikes would be mainly suitable for urban centers
and populated areas (18, 21). Furthermore, some
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operational aspects also showed no significant influ-
ence, for example, whether companies performed time-
critical transports or whether the companies were con-
ducting freight trips or service trips.

Willingness-to-Pay Values

The WTP values presented in Table 3 provide insights
into the monetary value the respondents placed on vari-
ous attributes and factors related to the choice between
the cargo bike and car options. They can be used to
assess the relative importance of different factors and
guide decision-making processes related to transporta-
tion policies and infrastructure investments.

The value of travel time for a cargo bike represents
the monetary value that respondents placed on saving an
additional hour of travel time when using a cargo bike.
Respondents were willing to pay e80.37 for saving an
additional hour of travel time with the cargo bike, com-
pared with e11.67 when choosing the car.

When riding a cargo bike, respondents were willing to
pay e61.99 to avoid rainy weather and e13.08 or e25.01
to experience warmer temperatures, that is, 5�C or 18�C,
instead of 23�C (negative WTP values were because of
the opposite sign of the estimators).

We can see that the WTP for avoiding a 1% increase
in damage risk with the cargo bike (e1.08) was higher
than the WTP for avoiding the same 1% increase in dam-
age risk with the car (e0.15). The values indicated that

respondents were more concerned about the risk of dam-
age associated with using a cargo bike compared with the
risks associated with using a car.

Respondents were willing to pay an additional e8.16
to have better or improved infrastructure that supports
the use of cargo bikes. They valued the convenience of
parking and were willing to pay an additional e9.94 to
have access to a parking spot at their destination.

Strengths and Limitations

With a focus on nationwide representation, the study
covered over 500 organizations from half of the 400
German administrative districts. This large-scale testing
approach provided valuable insights into the transport
practices of companies and municipalities in different
urban environments. Furthermore, to our knowledge,
there is no equivalent experimental design for research-
ing the willingness to use small vehicles for urban logis-
tics, including an extensive 3-month vehicle test that was
conducted before the SP survey. This resulted in a less
hypothetical SP experiment.

However, the survey also has its limitations.
Methodically, the nonchoice choice option (chosen by
4%) was too large to exclude, but too small (194 cases) to
include as a separate category. Therefore, it had to be
merged with car as opposed to the cargo bike choice. In
addition, the study tested many variables in relation to a
small sample. There was also a certain selection bias: only

Table 3. Willingness-to-Pay Values

Variable Description Value (EUR) Value (USD)
Robust

standard error Robust t-ratio (0) p-value

VTT_cb_hour Value of 1h travel-time savings
(cargo bike)

80.89 88.42 12.989 6.23 ***

VTT_car_hour Value of 1h travel-time savings
(car)

12.12 13.25 7.305 1.66 *

WTP_rain To avoid rain 62.13 67.92 10.782 5.76 ***
WTP_temp_5C_CB To experience an air

temperature of 5�C (41�F)
compared to 23�C (27�F)

212.97 214.18 4.158 3.12 ***

WTP_temp_18C_CB To experience an air
temperature of 18�C (64�F)
compared to 23�C (27�F)

224.90 227.22 5.231 4.76 ***

WTP_infra_CB To be able use a safe bike path
(versus road with mixed
traffic)

28.31 29.08 2.602 3.19 ***

WTP_parking_car To find a no-stopping zone
(versus dedicated car parking)

10.06 11.00 2.838 3.55 ***

WTP_damage_CB To avoid a 1% increased risk of
damage (cargo bike)

1.06 1.16 0.232 4.57 ***

WTP_damage_car To avoid a 1% additional percent
risk of damage (car)

0.19 0.21 0.212 0.90

Note: *p\0.1; **p\0.05; ***p\0.01
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project participants took the SP survey, all of whom were
motivated to trial and use cargo bikes. At the same time,
it should be noted that the sample included not only deci-
sion makers but also executing employees, some of whom
were significantly less motivated and also appeared as
car-non-traders (i.e., persistent choice of the car alterna-
tive) in the SP survey.

Conclusion

Against the background of increasingly complex urban
transport with smaller goods and growing customer
demands, the choice of possible vehicle types for fleet
decision makers, independent drivers, or service provi-
ders is also increasing. This diversification is relevant for
the further analysis of the mode choice decision, which
should be extended with smaller-vehicle classes below
cars or trucks. This contribution revealed the determi-
nants that influenced cargo bike mode choice in an emer-
ging area of urban logistics with a high share of smaller
vehicles, short-distance trips, and one-person businesses.

Based on a large-scale test of 537 cargo bike long-term
testers, it was found that trip-specific and contextual fac-
tors played a large role in (not) choosing a cargo bike.
Generally, cargo bikes are particularly useful for short
trips. The longer the distances, the greater the disbenefit
compared with the car. Of relevance for transportation
policy makers is that the existence of suitable bicycle infra-
structure and the reduction of car parking spaces both
have a significant positive effect on the decision to choose
alternative modes, such as cargo bikes. Not surprisingly,
unpleasant weather conditions discourage use. However,
rain is a much stronger deterring factor than cold tempera-
tures. Cargo bike manufacturers could meet this require-
ment and provide, for example, a flexible rain cover.

It was noticeable that the cargo bike was frequently
chosen (in a motivated population). The findings of this
study highlight the significant influence of experience
when it comes to mode choice decisions. Positive vehicle
testing experiences increased the willingness to choose the
cargo bike, as did individual experience, such as being
used to biking in their private life. This shows the benefits
of low-threshold trials (i.e., entailing low effort and cost),
as growing personal experience can remove reservations
and obstacles toward cargo bike usage. We interpreted
these results in the direction of a connection between
own test experience, increased trip-specific cargo bike
choice, and long-term purchase decision. Further investi-
gations can be initiated here.
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