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The transport sector and especially private cars pose environmental, economic, and social chal-
lenges. For this reason, cargo bikes and shared mobility are considered viable alternatives for road
transport. In order to understand the potential and barriers of alternative transport modes, it is
essential to analyze underlying motives. Moreover, comparing sustainable alternatives (such as
public transport) to cars in terms of motives has been established as a research approach (Steg,
2003). Despite increasing interest in cargo bikes and cargo bike sharing, research on this topic is
relatively rare. Particularly, there exists a lack of research addressing the impact of cargo bike
sharing on car ownership. Against this background, this study quantifies the car ownership
reduction effect of cargo bike sharing. In addition, it is investigated how cargo bikes differ from
cars with regard to the underlying motives of users which also helps understanding potential
barriers. To answer these research questions, this study is based on a large-scale survey with n =
2,590 cargo bike sharing users. The results imply that cargo bike sharing has a notable impact on
car ownership. In general, cargo bikes are rated superior in regard to affective, symbolic, and
environmental motives as well as on flexibility and price. However, discrepancies to cars do exist
in terms of other instrumental aspects (traffic safety, travel speed, comfort, weather-
independence). Notably, users who reduced car ownership tend to rate cargo bikes superior
compared to car-dependent users. The results imply that cargo bikes can play a marked role in
reducing car dependency. Improving infrastructure and cargo bike technology as well as stimu-
lating favorable social norms for cargo bikes have been identified as beneficial conditions that
could help to leverage this potential.

1. Introduction

Transport is a main driver of climate change, responsible for nearly a quarter of global energy-related CO, emissions (IEA, 2020).
These are largely attributable to road transport and cars (EEA, 2022). Recent years have brought a wide range of innovations with
regard to propulsion (e.g., electric mobility; Noppers et al., 2019) and new mobility solutions (e.g., car sharing; Gossling, 2018).
Looking to the future, much hope is being placed in new technologies such as autonomous driving (Benleulmi & Ramdani, 2022;
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Yigitcanlar et al., 2022). However, scholars stress that it is not self-evident that these technological approaches will radically
decarbonize the mobility sector (Lange & Santarius, 2020; Vergragt & Brown, 2007). For instance, car sharing could function as a
“gateway drug” to car ownership (Giesel & Nobis, 2016) and production of cars alone is resource intensive (Bieker, 2021). Further-
more, cars are associated with additional environmental, social, and economic drawbacks such as land use, accidents as well as noise
and air pollution (Shaheen et al., 2004; Urry, 2004). Thus, it seems useful to not only reduce the trips and distances traveled by car but
also the number of private cars (Rammler, 2018). However, current data show the trend moving in the opposite direction, as passenger
cars in the EU recently increased by almost 9 % in five years (Eurostat, 2022). Promoting sustainable alternatives outside of the
“automobility system” (Urry, 2004) therefore appears reasonable.

1.1. Cargo bikes as a potential substitute for private car ownership

One approach to reach this objective is to promote the diffusion of cargo bikes (CBs). CBs are special bicycles for transporting goods
or children (S. Becker & Rudolf, 2018a). These use cases are typical reasons for choosing cars (Carracedo & Mostofi, 2022). Studies
indicate that (electric) CBs lie between bikes and cars in terms of important attributes such as cost, payload, and range (Gruber et al.,
2014). For these reasons, CBs are considered a promising alternative to car use and ownership (Borjesson Rivera & Henriksson, 2014;
Pearce, 2016). As an illustrative example, a research project on CBs in logistics was named “I replace a car” (Gruber et al., 2014). In
recent years, popularity of CBs increased and a number of cargo bike sharing (CBS) operators emerged that facilitate the use of CBs (S.
Becker & Rudolf, 2018b).

1.2. Understanding motives of transport choices can inform behavior change interventions

From a psychological perspective, investigating underlying motives for mobility decisions is helpful to understand drivers of
behavior and barriers to behavior change (Steg, 2005). In previous research, instrumental, affective, symbolic and environmental
motives for transport mode choice were differentiated (Noppers et al., 2014; Steg, 2005). Understanding motives is particularly
relevant for the adoption of sustainable innovations (Noppers et al., 2015). Apparently, CBs and CBS fall into this category (Hess &
Schubert, 2019). An established research approach consists of directly comparing alternative transport modes with cars on underlying
motives (Anable & Gatersleben, 2005; Steg, 2003).

1.3. Research gaps and objectives

This paper contributes to closing two major research gaps. Firstly, to the best of our knowledge, there is so far no empirical research
that investigates the impact of CBs and particularly CBS on actual car ownership. This is especially noteworthy in view of numerous
studies focusing on the impact of car sharing on car ownership which forms the most widespread form of shared mobility (cf. Section
2.1). Respective research in the CB context is confined to the potential of CBS for car trip substitution (S. Becker & Rudolf, 2018a) as
well as stated considerations of CB owners to reduce car ownership (Riggs, 2016). Investigating the impact of CBS rather than privately
owned CBs on car ownership seems especially worthwhile in view of the existing research strand on car sharing and shared mobility as
well as its potential indirect effect via the promotion of CBs (cf. Section 2.2).

Secondly, there are no studies to date that analyze underlying motives for using CBs in dedicated comparison to private cars. This
comparison, however, is relevant because the latter is the predominant form of personal mobility in many industrialized countries (P.
Jones, 2011). Also, this “gap analysis” is regarded useful for developing people-centric policies (Anable & Gatersleben, 2005; Steg,
2003).

The objective of this paper is to help fill these research gaps by analyzing the results of a large-scale survey conducted with CBS
users. On this empirical basis, we firstly analyze the impact of CBS on car ownership by transferring an approach from the car sharing
context to the novel area of CBS (Firnkorn & Miiller, 2012). Afterwards, we analyze motives for using CBs in comparison to private cars
building on the described approach from traffic psychology (Steg, 2003). In doing so, we investigate discrepancies between the
perception of CBs and cars in general as well as between different subgroups of our sample (Anable & Gatersleben, 2005). Precisely, we
contrast the ratings of car-dependent individuals and participants that reduced car ownership in the context of CBS. Thus, the following
research questions are elaborated:

1) To what extent does cargo bike sharing influence car ownership of users?
2) How do individual motives for using cargo bikes differ from motives for using cars?
3) How do motives differ between car-dependent individuals and those who reduced car ownership?

2. Literature review

The present paper draws on and integrates three strands of research. These are research on car dependency and shared mobility,
CBs and CBS as well as motives for mobility decisions.

2.1. Car dependency and shared mobility
Intense car use in industrialized countries traces back to mass motorization in the second half of the 20th century (D. W. Jones,
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2008). Car use is related to benefits and drawbacks for individuals and the society (P. Jones, 2011). Regarding greenhouse gas (GHG)
emissions, for instance, living car-free represents the largest household-level mitigation lever (Ivanova et al., 2020). Yet, several factors
“lock-in” patterns of car use and ownership (Geels, 2012; Gossling, 2017). In this context, the term “car dependency” was coined.
Building on Jones (2011), Gossling (2017) distinguishes “real” car dependency, driven by instrumental barriers, from “perceived” car
dependency caused by affective and symbolic aspects.

Against this background, the provision of more environmentally friendly but also safe and comfortable alternatives to private cars is
deemed necessary which also includes first and last mile connectivity with other existing transport modes (Kumar & Sinha, 2022). High
expectations are placed on shared forms of mobility (Giesel & Nobis, 2016; Gossling, 2017) which could support less car-dependent
lifestyles (Martin et al., 2010). Several studies examined the car ownership impact of car sharing (Tarnovetckaia & Mostofi, 2022). In
one of the first studies, Firnkorn and Miiller (2012) identified a car ownership reduction of 4.7 % to 11.4 %. Subsequent research
yielded similar results with reductions of 5.2 % to 15 % (H. Becker et al., 2018; Giesel & Nobis, 2016; Stocker et al., 2016) or 9 to 20
private cars per shared vehicle (Jochem et al., 2020; Martin et al., 2010). Among the highest estimates is the finding that 37 % of car
sharing users were impacted regarding car ownership, which, however, was largely due to decisions against buying a car (Le Vine &
Polak, 2019). Besides that, negative side-effects of car sharing such as the threat of substituting more sustainable transport modes must
be considered (Tarnovetckaia & Mostofi, 2022).

2.2. Cargo bikes and cargo bike sharing

The history of CBs is intertwined with the invention of bicycles. CBs were particularly popular in the first half of the 20th century.
With the onset of mass motorization, their spread declined. After a second wave in the 1970s and 80s, the recent third wave was fueled
by factors such as the climate crisis and technological improvements (S. Becker & Rudolf, 2018a; Ghebrezgiabiher & Poscher-Mika,
2018). In view of the environmental challenges of the car-centric transport system, a growing role of CBs is seen as promising. For
instance, in a “radical transport vision” outlined in the context of car dependency, Gossling envisions that “most transports are covered
by electric cargo bikes” (2017, p. 228).

With regard to shared mobility, collective use through CBS is attractive for users due to high purchase prices of own CBs, lack of
parking space, or irregular demand (Dorner & Berger, 2020; Ghebrezgiabiher & Poscher-Mika, 2018). A widespread concept is
“commons cargo bikes” which describes free (or donation-based) CBS offered by more than 165, mostly German, initiatives listed in
the “commons cargo bikes forum” in cooperation with local hosts (S. Becker & Rudolf, 2018a; Forum Freie Lastenrader, 2023). For a
more detailed description of the concept of commons cargo bikes (also referred to as Free Cargo-Bikesharing) see Becker & Rudolf
(2018a). A broader overview of the different types of CBS is provided by Becker & Rudolf (2018b).

Despite the great potential, research on CBs has so far been limited (Hess & Schubert, 2019; Riggs, 2016). Existing studies have
examined user structure and behavior of (shared) CBs as well as their impact on mobility behavior. Research found that CBS tend to be
rather used by men, higher educated individuals and cyclists (S. Becker & Rudolf, 2018a; Hess & Schubert, 2019). Moreover, the role of
CBS for first contacts and testing is emphasized (S. Becker & Rudolf, 2018a; Dorner & Berger, 2020). Studies consistently show a high
potential for CBs to substitute car trips (S. Becker & Rudolf, 2018a; Riggs, 2016). Finally, Riggs (2016) reported in an earlier issue of
this journal that 62 % of CB owners considered shedding a car as a result of CB ownership — although data on actual car ownership
reductions were not collected. A comprehensive literature review was recently provided by Carracedo and Mostofi (2022).

2.3. Motives for mobility decisions

The central assumption of motives is that a means of transport fulfills more than only instrumental functions for the users (Steg,
2005; Steg et al., 2001). It is expected that consumers whose decisions are shaped by a particular motivational dimension would focus
primarily on the respective attributes (Schuitema et al., 2013). While mobility research has long focused on instrumental attributes, the
importance of non-instrumental factors is emphasized in psychological research (Anable & Gatersleben, 2005; Noppers et al., 2014;
Steg, 2005). Building on Dittmar’s (1992) model of material possessions, Steg (2005) differentiates symbolic and affective motives in
addition to instrumental motives. Notably, these dimensions correspond to the influencing factors of car dependency (Gossling, 2017).
In later work, environmental motives were highlighted for sustainable mobility (Noppers et al., 2014).

2.3.1. Instrumental motives

Instrumental attributes describe functional outcomes derived from ownership or use of a vehicle. These outcomes can be positive or
negative and thus result in convenience or inconvenience. Examples include speed, flexibility or safety (Noppers et al., 2014, 2015;
Steg, 2005; Steg et al., 2001).

2.3.2. Affective motives
Affective motives are related to the emotions evoked by using a vehicle and thus to the effect on individual’s mood (Steg, 2005). As
Anable and Gatersleben (2005) argue, affective motives comprise negative (e.g., stress) and positive (e.g., pleasure) emotions.

2.3.3. Symbolic motives

Symbolic motives can be defined as outcomes on individual’s (self-) identity and social status (Noppers et al., 2014). They also refer
to people’s expression of themselves and their values. Moreover, symbolic motives are related to the impact of social norms on in-
dividual decisions (Steg, 2005).
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2.3.4. Environmental motives

Environmental motives are, among others, investigated in the context of sustainable innovations (i.e., electric cars) and directly
refer to the environmental impact of vehicles. Thus, they are related to people’s motivation to protect the environment with their
consumption choices (Noppers et al., 2014).

2.3.5. Previous research

Motives were investigated with regard to cars in general (Steg, 2005), electric (Noppers et al., 2014; Schuitema et al., 2013) and
autonomous vehicles (Benleulmi & Ramdani, 2022) as well as conventional bikes (Cepeda Zorrilla et al., 2019) and e-bikes (Simse-
koglu & Klockner, 2019a). Steg (2005) found that symbolic and affective motives are relevant predictors for commuter car use whereas
instrumental motives were not significantly related. Non-instrumental motives were particularly valued by frequent drivers and
persons with positive car attitudes. Similarly, intention to adopt electric vehicles was found to be related to symbolic and environ-
mental attributes, but not to instrumental attributes (Noppers et al., 2014). However, an indirect effect of the latter mediated by
symbolic and affective factors was found. This finding demonstrates the interrelatedness of instrumental and non-instrumental aspects
(Schuitema et al., 2013).

Comparing private cars to public transport, Steg (2003) showed that cars are evaluated more favorably than public transport on
nearly all attributes (esp. convenience, independence, and flexibility) except traffic safety. Anable and Gatersleben (2005) found that
car users rate cars more favorably than other modes on the instrumental attributes most important to them (i.e., convenience and
flexibility) but less favorably on less important attributes. Users of non-motorized modes, however, were found to be similarly or more
satisfied with their mode of transport for work journeys (Anable & Gatersleben, 2005).

Finally, one study applied the approach of examining underlying motives to CBS. Dorner and Berger (2020) showed that affective
motives are correlated with the intended usage frequency for users as well as non-users. In contrast, differences were found between
both groups regarding instrumental and symbolic motives. In view of aspects that were categorized as instrumental, health and easy
parking were relevant predictors for users, whereas saving time and money was relevant for non-users. Also, with regard to motives
defined as symbolic, different aspects are relevant for users (showing their own environmentally friendly behavior) as well as non-users
(being recognized by others; Dorner & Berger, 2020).

3. Hypotheses

Based on the reviewed research, hypotheses were formulated for each of the three research questions. Firstly, research question 1
addresses the car ownership impact of CBS. Due to the novelty of this issue and the exploratory nature, we cannot derive substantiated
hypotheses on the magnitude of this effect. It can only be assumed that the numbers reported by Riggs (2016) are significantly higher
than the effect to be found here due to intention-behavior gaps (Sheeran & Webb, 2016) and because CBS users rather than CB owners
are investigated in the present study. However, a hypothesis can be formulated about how car ownership reduction occurs. Based on
previous research (Firnkorn & Miiller, 2012; Le Vine & Polak, 2019; Stocker et al., 2016) in combination with general behavioral
tendencies of keeping the status quo of possessions (Kahneman et al., 1991) it is expected that most reductions result from “passive”
actions such as decisions of not buying a car. This hypothesis refers to different “routes” of car ownership reduction which are
described in more detail in Section 4. Thus, the first hypothesis is:

H1: The largest share of car ownership reduction induced by CBS can be attributed to individuals without an own car deciding
against purchasing a car.

Secondly, in terms of research question 2 addressing overall ratings of CBs and cars, research indicates that instrumental, affective
and symbolic motives are in principle relevant for CB use (Dorner & Berger, 2020). Moreover, affective aspects are important for
cycling (Anable & Gatersleben, 2005) and symbolic motives for sustainable innovations (Noppers et al., 2014). The latter particularly
applies to early adopters (Noppers et al., 2015) which CBS users represent for CBs (S. Becker & Rudolf, 2018a). CBs are also rated
positively in terms of price and environmental friendliness (Dorner & Berger, 2020) which corresponds to findings on bicycles
compared to cars (Anable & Gatersleben, 2005). However, in direct comparisons, cars are typically rated superior to other modes on
instrumental aspects such as comfort, flexibility and speed (Anable & Gatersleben, 2005; Steg, 2003). Moreover, safety and weather
protection were identified as potential weaknesses of CBs (Dorner & Berger, 2020; Hess & Schubert, 2019). Against this background,
one main hypothesis and three directed sub-hypotheses were formulated:

H2: CBS users rate CBs superior to cars on some aspects but inferior on others.

H2a: CBS users rate CBs superior to cars with regard to price.

H2b: CBS users rate CBs inferior to cars on all instrumental attributes other than price.

H2c: CBS users rate CBs superior to cars on affective, symbolic and environmental attributes.

Finally, with regard to research question 3, hypotheses on group differences can be derived. Specifically, we expect differences
between car-dependent individuals on the one hand and participants that reduced car ownership, at least partly due to CBS, on the
other. This is based on the assumption that car-dependent individuals perceive stronger or additional benefits from car use (Anable &
Gatersleben, 2005; Steg, 2003, 2005). At the same time, individuals that reduced car ownership rely more strongly on CBs (and other
transport modes) and are therefore expected to perceive no or smaller “gaps” to cars. Regarding the rating of CBs, this particularly
refers to instrumental barriers such as safety which were found to be less pronounced for active users (Hess & Schubert, 2019). With
regard to the rating of cars, car dependency is related to either instrumental or affective and symbolic aspects of cars (Gossling, 2017)
which informs hypothesis H3b. Lastly, regarding environmental aspects, CBS users were found to be characterized by strong pro-
environmental values (S. Becker & Rudolf, 2018a). As we expect this to be more pronounced for individuals that reduced car
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ownership, it is assumed that this results in more polarized ratings for this group. Thus, the following hypotheses on group differences
are tested:

H3: Ratings of car-dependent participants differ significantly from ratings of participants that reduced car ownership in the context
of CBS usage.

H3a: Individuals that reduced car ownership rate CBs better on instrumental attributes compared to car-dependent participants.

H3b: Car-dependent participants rate cars better than individuals that reduced car ownership with regard to instrumental, affective
and symbolic aspects.

H3c: Individuals that reduced car ownership rate CBs more and cars less positive on environmental aspects compared to car-
dependent individuals.

4. Material and methods

To test these hypotheses, a survey with CBS users was conducted. To reach as many CBS users as possible, we collaborated with the
commons cargo bikes network which comprises local initiatives in different geographical contexts (cf. Section 2.2). Our sample
therefore consists of individuals who are experienced with using CBs. It is neither intended to be representative for the German
population nor for CB owners. However, in view of the relatively low market penetration of CBs (Dorner & Berger, 2020), this approach
enabled us to examine the motives of a large number of individuals who are well qualified to evaluate CBs. The user survey was part of
a larger research project focusing on commons cargo bikes as a social innovation which is described in more detail by Bissel & Becker,
(2023).

4.1. Procedure

The study was carried out following three overarching steps. These stages are summarized in the flow chart in Fig. 1. In a first step,
the research questions were defined and the questionnaire was developed. The survey was co-created with the commons cargo bikes
network’s national spokespersons to refine the research objectives, agree on the procedure and timeline, and to ensure that the
questionnaire is clearly understandable for participants (Spekkink et al., 2022). To do so, meetings with the network’s spokespersons
were conducted between March and May 2022. This process was guided by principles of transdisciplinary research (Lang et al., 2012)
and was essential to reach local initiatives and their users as effectively as possible.

Secondly, the authors hosted or participated in a number of events to inform the local CBS initiatives about the survey and to ask
them to join the study by spreading the questionnaire among their registered users. This step was necessary due to the decentralized
structure of the commons cargo bike network (S. Becker & Rudolf, 2018a). Different formats were used to maximize the number of
participating initiatives. This included two online information sessions, a presentation at the network’s annual meeting in June 2022 in
Miinster (Germany), an e-mail to all initiatives as well as a blog post in the network’s online forum.

In a third step, all initiatives that agreed to participate in the research project received the link to the online survey together with a
mail template and were asked to forward it to all registered users. The participating local initiatives distributed the survey link via e-
mail, websites as well as on social media. The online platform SoSci Survey was used for data collection. The individual survey
participants were able to contact the study authors directly in case of questions regarding the questionnaire. The participants had the
chance to win one of ten gift cards worth €50 each for an online store selling sustainable products. Data collection took place from June
11 to August 21, 2022. Reminders were sent to the initiatives which included the request to remind their registered users to take part.

Step Time Level
- ——
,i Preparation and co-creation of the survey March — May 2022 National network
-
2 Information of local initiatives to join the study May — June 2022 Local initiatives
3 Data collection from individual users of local initiatives June — August 2022 Individual users

Fig. 1. Flow chart of the study procedure.
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Table 1
Overview of questionnaire items.
Category Description No. of items Primary source

CBS experience Past experience with CBS (e.g., number of trips, trip length, city and initiative) 7 Becker & Rudolf, 2018a
Mobility behavior Means of transport in household, main transport mode 6 Becker & Rudolf, 2018a
Motives Importance of motives and ratings of cars and CBs on each attribute 48 Anable & Gatersleben, 2005
Car ownership reduction Past car ownership reduction and impact of CBs and (if applicable) own CBs 2-6 Firnkorn & Miiller, 2012
Car ownership reduction reasons General reasons to live car free (e.g., financial reasons) 5 Anable, 2002
Intentions Intentions to use CBs as well as to reduce car ownership’ 6 Becker & Rudolf, 2018a
Socio-demographic information Socio-demographic variables (e.g., age and gender) 4 Becker & Rudolf, 2018a

Note: Order of categories based on structure of the questionnaire. ! Intentions measured with five-point Likert scales from disagree to agree, building on
recommendations by Fishbein and Ajzen (2009).

4.2. Study design and measures

The online questionnaire consisted of 11 pages. Routing rules were implemented so that participants saw only questions relevant to
them. The items analyzed in this study fall into seven categories. An overview is included in Table 1 while details on the main concepts
are provided below the table. Wherever possible, relevant items were adapted from previous research in order to allow for
comparisons.

4.3. Motives

A two-part measurement instrument was used which comprises ratings of importance as well as experience / performance (Anable,
2002; Anable & Gatersleben, 2005). Users were asked to rate importance first by asking “How important are the following attributes to
you in a transport mode?”. Afterwards they were asked to rate “an own cargo bike” as well as “an own car” on these attributes on a
separate page. The overarching question was “To what extent do you agree with the statements below regarding the following two
transport modes?”. The attributes were preceded by the phrase “The transport mode is ...”. All items were measured with five-point
Likert scales ranging from very unimportant to very important (importance rating) or disagree to agree (experience / performance rating).
The item order was randomized separately for each section. Relevant attributes were selected based on a literature review of 18
publications on motives and related constructs. These publications focused on:

e Cars (Anable, 2005; Noppers et al., 2014, 2015, 2019; Steg, 2005; Steg et al., 2001)

e CBs (S. Becker & Rudolf, 2018a; Borjesson Rivera & Henriksson, 2014; Dorner & Berger, 2020; Gruber et al., 2014; Gruber &
Rudolph, 2021; Hess & Schubert, 2019; Riggs, 2016; Riggs & Schwartz, 2018; Riidiger et al., 2016)

E-bikes (Simsekoglu and Klockner, 2019b)

e Multiple modes of transport (Anable & Gatersleben, 2005; Steg, 2003).

Building on this review, 16 attributes were included (see Section 5.2). Inclusion decisions were made based on frequency of use of
the attributes in the reviewed studies as well as fit to our study context.

4.3.1. Car ownership reduction

With respect to car ownership actions, we built on Firnkorn and Miiller’s (2012) work on car sharing that differentiated four routes
of car ownership reduction. Namely, car owners may reduce the number of cars in their household or forgo the replacement of a car
while individuals without a private car might have abolished a previously possessed vehicle or decided against purchasing a car. Thus,
we included four questions to analyze car ownership actions of which two were included in the questionnaire based on respondents’
information on car ownership. The precise questions are included in Fig. 3. Moreover, to assess causal relationships, we added
questions asking participants to rate the impact of CBS on each of these decisions if one or both of them were marked with yes.
Depending on participants’ information on CB ownership, the equivalent questions were included for own CBs. The impact was
measured on five-point scales from not at all to very strong.

4.4. Data analyses and sample description

4.4.1. Data analyses

Analyses of the survey data were performed using the R statistics program. In a first step, two new variables for research question 1
and 3 were computed. With regard to research question 1, we built on the approach to distinguish narrow and broad causality of car
ownership reduction which has been established in research on car sharing (Firnkorn & Miiller, 2012). Thus, a new variable dis-
tinguishing narrow and broad causality was calculated for all participants that reduced car ownership. For the present study, narrow
causality is defined as participants stating that CBS had a strong or very strong impact on their respective car ownership decision.
Broad causality is also fulfilled if participants indicate only a weak or medium impact. Moreover, since one purpose of CBS is to enable
testing (S. Becker & Rudolf, 2018a), we also assume broad causality if CBS is (at least weakly) associated with the purchase of an own
CB that in turn results in car ownership reduction.
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Regional type

. Metropolitan urban region

. Regiopolitan urban region
Rural region close to an urban region
Peripheral rural region

Number of participants

® 50

@® 100

@® 150

@® 200

® 20

Fig. 2. Geographic overview of the sample.

| Which of the following vehicles do you possess in your household? |

[
[ |

Car: 1,092 (45.8 %) No car: 1,294 (54.2 %)

1,026 (94.0 %) No

66 (6.0%) Yes
27 (40.9 %)

32 (48.5 %)
0(0.0%)

(Very) strong impact CBS
Weak / medium impact CBS
Add. indirect impact own CB

870 (79.7%) No

221(202%) Yes
86 (38.9 %)

112 (50.7 %)
8(3.6%)

(Very) strong impact CBS
Weak / medium impact CBS
Add. indirect impact own CB

1,187 (91.7%) No

106 (8.2%) Yes
37 (34.9 %)

50 (47.2 %)
0(0.0%)

(Very) strong impact CBS
Weak / medium impact CBS
Add. indirect impact own CB

881(68.1%) No

498 (38.5%) Yes
138 (27.7 %)

207 (41.6 %)

4(0.8 %)

(Very) strong impact CBS
Weak / medium impact CBS
Add. indirect impact own CB

Fig. 3. Impact of CBS on vehicle possessions in the active sample.
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Regarding research question 3, criteria for two subgroups were defined. As stated earlier, “car-dependent” users are of particular
interest for this research question. For the purpose of this study, car dependency is operationalized as individuals indicating a car as
their main transport mode. This operationalization does comprise different types of car dependency (Gossling, 2017). In parallel, the
subgroup of individuals that reduced car ownership, at least partly due to CBS, was defined based on the “narrow causality” definition.
This group was chosen as a comparator to investigate the “competitiveness” of CBs in the best case, that is, if individuals considered
them as relevant to shed their cars. Both subgroups therefore make use of the within sample variance of our survey.

4.4.2. Sample description

Overall, 2,590 users from 58 initiatives completed the survey. These 58 initiatives provide 751 CBs and collectively have 87,766
registered users. A small group of 41 cases (1.6 %) were excluded based on three pre-defined quality criteria indicating low attention or
effort. Namely, responses were assessed with regard to missing values (less than 90 % of relevant items answered), intra-individual
response variability (identical responses on all 16 attributes in terms of importance and ratings of CBs and cars) as well as short
time to complete the survey (less than 5 min). The latter was determined a priori based on feedback from a pre-test of the ques-
tionnaire. Thus, 2,549 responses remained in the cleaned sample. Of this cleaned sample, 163 individuals (6.4 %) had never used a CB.
Although being registered for shared mobility services might in rare cases suffice to influence car ownership, causal relationships
become more likely with active use (Firnkorn & Miiller, 2012). For this reason, the 2,386 participants that used CBs at least once are
defined as our active sample for further analysis.

With regard to demographics of the active sample, the average age is 41.6 years. Moreover, 42.8 % of participants indicated they
were female whereas 53.9 % identified as male and 1.3 % stated they were diverse. 1.9 % of participants preferred not to answer.
Regarding geographic spread, participants stem from different regions in Germany and various regional types (see Fig. 2). From 2,195
active users that selected a location, 73.2 % were located in metropolitan urban regions, 11.8 % in regiopolitan urban regions, 6.7 % in
rural regions close to an urban region and 8.3 % in peripheral rural regions as categorized by the RegioStaR typology (BMVI, 2018).
With respect to current car ownership, 45.8 % indicated having at least one car in their household while 54.2 % lived car-free (see
Fig. 3).

5. Results
This section summarizes the results of the study in accordance with the order of the research questions.
5.1. Impact of cargo bike sharing on car ownership

To assess the influence of CBS on car ownership in line with research question 1, we analyzed the retrospective impact. This analysis
builds on the different routes to car ownership reduction (Firnkorn & Miiller, 2012) described before. As Fig. 3 shows, 66 users with at
least one car in their household indicate having reduced the number of cars (A) and 221 users report having forgone replacement (B)
since using CBS. In addition, 106 users without a car state that they abolished a previously possessed car (C) and 498 users report
having decided against purchasing a car (shortly) before or since using CBS (D).

Building on these results, we calculated the number of cars that would be expected without CBS. Following Firnkorn and Miiller
(2012), forgoing replacements (B) is not counted as the purchase might only be postponed. Decisions against purchasing a car (D) are
included which assumes that respondents were actively thinking about purchasing a car and would have done so otherwise. Thus, car
ownership is reduced compared to a hypothetical alternative scenario. Also, of all the cases in Fig. 3, 75 users indicated both having
abolished a car (C) as well as decided against purchasing a car (D). Thus, a correction is necessary to avoid double counting. This affects
64 (broad causality) and 26 cases (narrow causality) respectively.

As can be seen in Table 2, there would be between 1,772 (broad causality) and 1,517 (narrow causality) cars within the active
sample without CBS. For broad causality, the net reduction is thus estimated to be 431 cars, which corresponds to a share of 18.1 %
compared to the active sample (n = 2,386). In analogy, for narrow causality, the net reduction of 176 cars corresponds to a quota of 7.4
%. In line with hypothesis H1, most car ownership reduction is due to individuals deciding against buying a car.

Table 2
Impact of CBS on car ownership in the active sample.
Broad causality Narrow causality

Current number of cars (with CBS) 1,341 1,341
Car - reduction +59 +27
No car - reduction + 87 + 37
No car - not purchased + 349 + 138
Correction for double counts — 64 - 26
Current possession of private cars if CBS was not offered 1,772 1,517
Car net reduction (incl. not purchased) — 431 — 176
Projected percentage of active sample reducing car ownership by one car 18.1 % 7.4 %

Note: Number of cars also reflects multiple cars per household. Postponed replacements not included.
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5.2. Understanding reasons and motives for using cars and cargo bikes

As multiple factors affect car ownership reduction, the analysis of underlying causes starts with five general reasons to live car-free
(Anable, 2002). Of the 172 users who reduced the number of cars (A) or abolished a car (C), 80.0 % note that environmental protection
(strongly) influenced their decision. 48.8 % report financial reasons and 42.4 % state no interest in driving a car as (strongly)
influencing factors. Finally, 23.3 % name health reasons and 9.9 % risks of driving a car as (strong) influences.

5.2.1. Factor structure and importance of attributes

To better understand potential reasons (and barriers) that lead users to (not) reduce car ownership, we further analyzed the
importance and rating of CBs and cars regarding motives. Firstly, a confirmatory factor analysis (CFA) was conducted to validate the
four-factor structure consisting of instrumental, affective, symbolic and environmental motives. 15 items on attribute importance were
categorized based on motive literature. To maximize theoretical grounding and statistical fit of the factor structure, one instrumental
aspect (health) not included in the original studies (Steg, 2003, 2005) was dropped. Evaluation of fit indices reveals good overall model
fit with a CFI of 0.923, RMSEA of 0.057 and SRMR of 0.051. Chi-square is significant, which can be expected in view of the large sample
size (Hair, 2014). Thus, the factor structure was accepted based on established cut-off criteria (Hair, 2014; Hu & Bentler, 1999).

With regard to internal consistency of factors, Cronbach’s alpha indicates high consistency for environmental attributes (cf.
Table 3). While the score for symbolic attributes is also satisfactory, values for instrumental and affective attributes are rather
moderate. This may be caused by a small number of items or heterogeneity within the constructs (Tavakol & Dennick, 2011), which
will be discussed later in this article. Nevertheless, these values are also often considered sufficient in research (Taber, 2018).

Interrelatedness between factors was tested with correlation analyses (cf. Table Al in the Appendix). All factor means are positively
correlated with weak to moderate correlation coefficients. This implies a low risk of multicollinearity. The strongest correlation was
found between instrumental and affective attributes, r(2,384) = 0.40, p < .001, which is in line with the CFA (cf. Fig. Al in the
Appendix).

The analysis of overall importance ratings (cf. Table 3) shows that environmental aspects are considered most relevant by re-
spondents when it comes to transport modes. On average, affective attributes are ranked second most important with little variance
between the three assessed attributes. For instrumental attributes, the results indicate varying importance with flexibility ranked most
important and weather-independence less important. Finally, users consider symbolic attributes to be least important.

To verify the importance of motives, correlation analyses were conducted based on factor means of CB and car ratings. In the case of
CBs, positive relations between instrumental (r(2,382) = 0.20, p < .001), affective (r(2,382) = 0.30, p < .001), symbolic (r(2,382) =
0.14,p < .001) as well as environmental (r(2,382) = 0.08, p < .001) ratings of CBs and intention to use CBs are found. For cars and car
owners, analyses reveal negative relations for instrumental (r(1,087) = -0.25, p < .001), affective (r(1,087) = -0.23, p < .001), and
environmental (r(1,087) = -0.11, p < .001) attributes of cars and the intention to shed cars. Thus, better ratings of cars are related to
less intention to reduce car ownership. However, there is no significant correlation with this intention for symbolic motives (r(1,087)
=-0.03, p = .371). To assess the relationship of each factor after controlling for the others, regression analyses were conducted (cf.
Table A2 in the Appendix). These analyses highlight the role of affective attributes for CB use as well as the importance of instrumental
and, to a lesser extent, affective motives for decisions against car ownership reduction.

Table 3
Descriptive statistics of importance ratings.
Dimension Attribute M SD Cronbach’s «

Instrumental 3.86 0.49 .56
Flexibility 4.52 0.64
Low price 4.06 0.88
Traffic safety 4.05 0.87
Travel speed 3.73 0.94
Comfort 3.62 0.87
Weather-independence 3.18 0.98

Affective 4.08 0.63 .55
No stress 4.20 0.75
Freedom 4.02 1.00
Pleasure 4.01 0.86

Symbolic 2.34 0.90 .69
Part of movement 2.61 1.19
Social recognition 2.35 1.14
Self-expression 2.04 1.11

Environmental 4.45 0.71 .89
Environment friendly 4.53 0.72
Resource conservation 4.44 0.79
Low GHG-emissions 4.39 0.83

Note: Based on the question “How important are the following attributes to you in a transport mode?”. Scale ranging from 1 (very unimportant) to 5
(very important).
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Fig. 4. Ratings of CBs and cars with regard to different motives.

5.2.2. Overall evaluation of cars and cargo bikes

With regard to research question 2, comparing the ratings of CBs and cars among all participants reveals a nuanced pattern that is
summarized in Fig. 4. Due to the ordinal scales, Wilcoxon signed-rank tests were used to test for statistical significance. Effect sizes
were calculated following Field et al. (2014) and were interpreted based on cut-off values proposed by Cohen (1992). As significance
tests were conducted individually and analyses were independent from each other, alpha levels were not adjusted (Rubin, 2021).

Firstly, referring to hypothesis H2a, CBs are rated superior in direct comparison with cars in terms of price, z = 36.82, p < .001, with
a large effect size, r = 0.53. With regard to hypotheses H2b, cars are rated more positively than CBs on four instrumental attributes:
traffic safety (z = -4.81, p < .001, r = 0.07.), travel speed (z = -13.05, p < .001, r = 0.19), comfort (z = -17.47, p < .001, r = 0.25) as
well as weather-independence (z = -36.11, p < .001, r = 0.52). The effect sizes indicate at most small effects, with the exception of a
large effect for weather-independence. In contrast, and in contradiction with hypothesis H2b, CBs are considered more flexible than
cars, z = 10.89, p < .001, with a small effect size, r = 0.16.

Regarding hypothesis H2c, CBs get better ratings than cars on all affective, symbolic and environmental attributes. With regard to
affective aspects, CBs are rated superior on no stress (z = 32.77, p < .001, r = 0.47), freedom (z = 21.22, p < .001, r = 0.31) as well as
pleasure (z = 34.63, p < .001, r = 0.50). Notably, the rating for cars on freedom is relatively high compared to the other two attributes
which results in a smaller gap, even though the effect size still represents a medium effect. Similarly, for symbolic aspects, CBs are
perceived superior on all aspects: whether it is about being part of a movement (z = 32.92, p < .001, r = 0.48), getting social
recognition (z = 8.94, p < .001, r = 0.13) or self-expression (z = 25.24, p < .001, r = 0.37). Strikingly, due to relatively positive ratings
of cars compared to the other two symbolic attributes, the gap for social recognition is rather narrow with a small effect size, while a
medium effect is found for the other attributes. Finally, CBs are rated very positively on all three environmental aspects and more
positively than the ascribed importance. In contrast, cars get the most negative evaluations among all aspects which results in large
effect sizes. This applies to all attributes, namely environmental friendliness (z = 43.52, p < .001, r = 0.63), resource conservation (z =
43.48, p < .001, r = 0.63) and low GHG-emissions (z = 43.42, p < .001, r = 0.63).

5.3. Group differences with regard to motives for using cargo bikes and cars

In line with the third research question, group differences regarding motives for using CBs and cars were analyzed to investigate
why specific groups do (not) reduce car ownership in view of CBs. Specifically, the first group (“car reduced”) consists of individuals
who were impacted by CBS regarding car ownership with narrow causality (see Table 2). The second group (“car-dependent”)
comprises those users who indicated cars as their main transport mode (cf. Section 4.2). As two users fulfilled both criteria, their
answers were excluded. This resulted in n = 174 “car reduced” and n = 186 “car-dependent” participants.

Table 4 summarizes characteristics of both groups. The groups do not differ significantly with regard to gender and regional types.
Regarding age, car-dependent participants were found to be significantly older. The effect size indicates a small effect, d = 0.22.
Moreover, participants that reduced car ownership possess significantly more privately owned CBs. Unsurprisingly, the overall car
ownership rate for individuals that reduced car ownership is significantly lower. The cars in this group are due to the reduction of cars
in households with previously more than one car (group A in Fig. 3). In addition to the data in the table, group differences for CB use
reveal more experience among respondents who reduced car ownership, X2 (3, N = 360) = 26.42, p < .001. The effect size of w = 0.27
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Table 4
Overview of group differences between “car reduced” and “car-dependent” participants.
Sample characteristic Car reduced Car-dependent Significance
(n=174) (n =186)
Age (Mean) 41.5 43.8 t(358) =-2.06, p = .040
Gender (%)’ X? (1, N =350) = 1.21, p = .272
Female 38.5% 45.7 %
Male 56.9 % 53.2%
Diverse 1.7 % 0.0 %
CB ownership (%) 28.2% 10.8 % X2 (1, N = 360) = 17.59, p < .001
Car ownership (%)? 14.4 % 100.0 % X% (1, N = 360) = 271.75, p < .001
Regional type (%) ° X2 (3, N = 332) = 6.37, p = .100
Metropolitan urban region 69.1 % 64.7 %
Regiopolitan urban region 12.1 % 8.4 %
Rural region close to an urban region 7.3 % 15.6 %
Peripheral rural region 11.5% 11.4 %

Note: 1. Chi-Square test based on female and male participants only, due to low frequencies in other cells; N/A not listed in table. 2. Households with
at least one car. 3. Participants without specified location excluded (9 for “car reduced”, 19 for “car-dependent™).

indicates a small, near-medium effect.

The results on motive differences between the two groups are plotted in Fig. 5. Group differences for one of the modes were tested
on significance with Wilcoxon rank-sum tests. Regarding hypothesis H3a (rating of CBs on instrumental attributes), the blue lines in
Fig. 5 reveal better ratings for CBs by users that reduced car ownership compared to car-dependent participants. Differences are
statistically significant for flexibility (z = -5.97, p < .001, r = 0.31), price (z = -6.63, p < .001, r = 0.35), travel speed (z = -5.57,p <
.001, r = 0.29), comfort (z =-3.86, p < .001, r = 0.20), and weather-independence (z = -5.63, p < .001, r = 0.30). Effect sizes indicate
small to medium effects. The effect for traffic safety is not statistically significant, z =-1.82, p =.069., r = 0.10. In addition, with regard
to the four instrumental attributes on which cars were rated superior overall (cf. Fig. 4), results show a different pattern for users that
reduced car ownership (dashed lines). For this group, differences between modes are less pronounced for weather-independence (z =
-8.66, p < .001, r = 0.46), not significant for speed (z = 0.20, p = .843, r = 0.01) as well as comfort (z = -0.86, p = .390, r = 0.05), and
reversed for traffic safety (z = 2.48, p = .013, r = 0.13).

In terms of hypothesis H3b, which assumes superior ratings for cars on instrumental, affective and symbolic aspects by car-
dependent participants, the orange lines in Fig. 5 reveal better ratings by this group for instrumental attributes. The effects are sig-
nificant with small to medium effect sizes: flexibility (z = 8.66, p < .001, r = 0.46), price (z = 4.82, p < .001, r = 0.25), traffic safety (z
= 6.88, p < .001, r = 0.36), travel speed (z = 6.11, p < .001, r = 0.32), comfort (z = 6.17, p < .001, r = 0.33), and weather-
independence (z = 5.40, p < .001, r = 0.28). Secondly, car-dependent participants rate cars better on all affective attributes, with
medium effect sizes: no stress (z = 8.89, p < .001, r = 0.47), freedom (z = 6.56, p < .001, r = 0.35), and pleasure (z = 6.24,p < .001,r =
0.33). For symbolic aspects, however, ratings do not differ between groups for “being part of a movement” (z = 1.72, p = .086, r =
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Fig. 5. Group differences with regard to transport mode ratings.
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0.09), social recognition (z = 0.63, p = .526, r = 0.03), and self-expression (z = 0.51, p = .612, r = 0.03).

Regarding hypothesis H3c (polarized environmental ratings by users that reduced car ownership), CBs are indeed rated better by
this group compared to car-dependent individuals. Significant differences and small effect sizes were found for environment friend-
liness (z =-2.17,p =.030, r = 0.11), resource conservation (z = -2.55,p = .011, r = 0.13), and GHG-emissions (z = -2.64,p = .008,r =
0.14). Conversely, the group rates cars as inferior compared to car-dependent individuals: environmental friendliness (z = 5.11, p <
.001, r = 0.27), resource conservation (z = 3.64, p < .001, r = 0.19), and GHG-emissions (z = 4.49, p < .001, r = 0.24). Again, effect
sizes can be classified as small effects.

Finally, an additional analysis reveals that car-dependent users prefer CBs over cars on many attributes. In fact, in addition to the
four instrumental attributes on which cars are rated superior by the overall sample, they only prefer cars on flexibility (z =-6.13, p <
.001, r = 0.32) and freedom (z = -2.92, p = .004, r = 0.15).

6. Discussion

In summary, regarding the first research question, the results of our study imply a substantial potential of CBs to contribute to car
ownership reduction. We find evidence that car ownership is reduced by a rate corresponding to 7.4 to 18.1 % of the active sample due
to CBS, depending on the causality definition. As expected in hypothesis H1, the largest share relates to users deciding against pur-
chasing a car. However, a substantial number of participants also actively reduced car ownership.

Regarding reasons for car ownership reduction, environmental concerns, financial aspects as well as lack of interest in driving were
identified as most relevant reasons. Referring to research question 2, these reasons are reflected in drawbacks of cars compared to CBs
on underlying motives. In short, CBs are rated superior by our overall sample on all but four (instrumental) attributes. The latter,
however, represent the least important instrumental attributes. More precisely, CBs were rated more favorably on price as assumed in
H2a. Unlike hypothesized in H2b, CBs were also rated superior on flexibility. The ratings on other instrumental attributes correspond
to hypothesis H2b. Thus, results are only partially in line with the hypothesis. The superior rating on environmental, affective and
symbolic attributes corresponds to H2c.

With regard to the third research question, group comparisons between car-dependent individuals and users that reduced car
ownership reveal diverging patterns as was hypothesized in H3. As expected in H3a, CBs are rated more favorable by users that
reduced car ownership compared to car-dependent participants on instrumental attributes. This effect does not reach statistical sig-
nificance for traffic safety. With regard to this attribute, it is however notable that those who reduced car ownership rated CBs superior
to cars which does not apply to car-dependent respondents. This is in line with the general finding that the first group perceives CBs as
more competitive regarding instrumental aspects on which discrepancies for the overall sample were found. In contrast, and in line
with hypothesis H3b, car-dependent individuals rate cars better on instrumental and affective attributes. Inconsistent with this hy-
pothesis, there are no significant differences for symbolic attributes. Thus, also hypothesis H3b is only partially supported. Notably,
car-dependent individuals rate the flexibility of cars as superior to CBs and see the car, rather than the CB, as a symbol of freedom. Both
does neither apply to respondents that reduced car ownership nor to the overall sample. Finally, and as hypothesized in H3c, in-
dividuals that reduced car ownership rate CBs more favorably and cars less favorably on environmental aspects compared to car-
dependent users.

6.1. Theoretical implications

The results of this study complement and extend previous research on the impact of CBS as well as existing literature on motives for
transport mode choices.

6.1.1. Impact of cargo bikes and cargo bike sharing

By providing insights on the car ownership impact of CBS, this study complements findings on car use substitution of CBS (S. Becker
& Rudolf, 2018a). As expected, the reduction is substantially lower compared to findings on considerations of car ownership reduction
by CB owners (Riggs, 2016). At the same time do results on users stating to have forgone the replacement of a car indicate further
potential. It is notable that the car ownership reduction impact of CBS is higher than the impact of car sharing found, for instance, in
the methodologically and geographically most similar study by Firnkorn and Miiller (2012). It must be stressed, however, that this
comparison is indicative and limited by differences in sample, methodology and time. Studies on car ownership reduction potential of
car sharing were also found to be heterogenous with some reporting larger effects.

6.1.2. Motives for mobility decisions

Overall, as in previous studies (Dorner & Berger, 2020), motives were found to be a relevant predictor for the intention to use CBs.
Also, instrumental, affective and environmental motives were related to intended car ownership reduction. As summarized, when
directly compared to CBs in our sample, cars are not rated superior on (nearly) all aspects. This stands in contrast to previous studies on
cars and public transport (Steg, 2003). Instead, user preferences of CBs over cars in terms of, inter alia, affective and environmental
aspects share similarities with findings on active travel modes (Anable & Gatersleben, 2005). Among other explanations, the unex-
pected finding that CBs are rated superior on flexibility could support the notion that CBs enable users to reach places inaccessible by
car (Hess & Schubert, 2019). It is noteworthy that flexibility has been identified as an essential attribute in prior studies, and cars
typically score high on this dimension (Anable & Gatersleben, 2005; Steg, 2003). The deficits of CBs on some instrumental attributes
correspond to previous findings for CBs and e-bikes (Carracedo & Mostofi, 2022; Hess & Schubert, 2019; Simsekoglu & Klockner,
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2019a) and also underscore prior results on the positive assessment of cars with regard to aspects such as comfort and speed (Steg,
2003). It should be noted that, even though CBs were rated superior in the overall sample, cars were relatively strongly associated with
freedom and social recognition compared to other attributes in the respective domains (Geels, 2012; Steg, 2005). With regard to
freedom, car-dependent participants even rate cars superior.

The group differences support findings that frequent car drivers rate cars more favorably and that alternative modes (such as public
transport) are more competitive for individuals not primarily travelling by car (Anable & Gatersleben, 2005; Steg, 2003). This is also in
line with findings that highlight the strong performance of cars on flexibility and convenience for car drivers (Anable & Gatersleben,
2005). However, car-dependent users also consider CBs superior to cars on certain attributes: namely price, no stress, pleasure as well
as all symbolic and environmental attributes. This finding is comparable to research indicating that car users rate conventional bicycles
equally well or superior to cars on costs, excitement, no stress, and environmental impact (Anable & Gatersleben, 2005).

Taken together, our study reveals numerous strengths but also some shortcomings of CBs in direct comparison with cars in our
sample. This supports the view that no transport mode dominates on all attributes. For instance, whereas public transport has been
found to be superior to cars on traffic safety only (Steg, 2003), cars were rated better than CBs in this regard by the overall sample in
our study.

6.2. Practical and policy implications

Regarding practical implications, the results of this study first of all indicate that CBs and CBS can represent a viable pathway to
reduce car dependency. For this reason, actively promoting a wider spread of this transport mode could be promising in view of the
environmental challenges in the transport sector. Development of sustainable transport policies could therefore focus on under-
standing motives and closing relevant gaps to cars in order to increase the competitiveness of alternative transport modes (Anable &
Gatersleben, 2005). Gaps in terms of traffic safety, travel speed and comfort could likely be reduced by making cities less car-centered,
more bike-friendly, and by prioritizing the safety of cyclists and CB users (Bixhaku et al., 2023; Hess & Schubert, 2019). Improving
infrastructure for CBs such as implementing dedicated bicycle lanes and providing parking spaces for CBs might help make them more
attractive (Bixhaku et al., 2023; Carracedo & Mostofi, 2022; Wang & Akar, 2018). In addition, offering safety trainings could improve
competencies (Hess & Schubert, 2019). Notably, these discrepancies were particularly pronounced for car-dependent users, so
reducing them could play a large role for this group.

Moreover, development of more advanced (e.g., weather-protected) CBs could be supported to increase comfort and weather-
independence. Results on the importance of prices indicate that subsidies on CBs might be a viable instrument to promote CB pur-
chases. However, as CBs are already perceived as considerably less expensive than cars, our results also suggest that a communicative
focus on savings compared to cars (in contrast to the absolute price for CBs or the additional costs compared to conventional bicycles)
could be an effective strategy (Carracedo & Mostofi, 2022). Regarding communication, there is also a need for a shift in societal
thinking and social norms for cars and CBs, which could be actively promoted. For instance, it could be emphasized that CBs can also
represent freedom and fulfill affective and symbolic aspects (S. Becker & Rudolf, 2018b). In this context, our findings indicate that even
car-dependent users in our sample rate CBs superior on symbolic aspects and do not express more favorable ratings for cars than other
participants.

6.3. Strengths and limitations

Due to the collaboration with a widespread CBS network, this study builds on a large sample which is valuable in view of the limited
spread of CBs. The transdisciplinary approach allowed to identify research gaps that are relevant for academia as well as practitioners.
Regarding motives, our study covers all four dimensions defined in literature, whereas previous studies were limited to three di-
mensions (Noppers et al., 2014; Steg, 2005). The general structure was successfully validated by the CFA. At the same time, internal
consistency for instrumental and affective attributes was rather moderate. However, especially instrumental attributes form a broad
category and the rating of some attributes (e.g., price) might be more strongly connected with aspects such as income than others. The
interrelatedness of factors is also in line with previous research and stresses causal interdependencies between instrumental aspects (e.
g., weather-independence) and, for instance, affective attributes such as pleasure (Schuitema et al., 2013).

With regard to limitations, differences regarding motives between groups cannot be causally attributed to car ownership reduction.
They could, for example, have contributed to actions, occurred from them or be unrelated. The analyzed attributes are not exhaustive
as the total number is in principle infinite (Anable & Gatersleben, 2005). Car ownership in households is also difficult to assess and
some persons may not be able to decide about car reduction on their own. In addition, in line with Firnkorn and Miiller (2012), de-
cisions against purchasing a car were included in the calculation of car ownership reduction. This is based on the assumption that cars
would actually have been purchased in a hypothetical alternative scenario. If this assumption does not hold true for some participants,
the rate of car ownership reduction would decrease. Operationalizing car dependency by use of cars as main transport mode does not
allow for distinguishing different types of car dependency (Gossling, 2017). The fact that users that were defined as car-dependent do
not rate cars better than the other group on symbolic aspects could indicate that rather structural aspects influence their mode choices.
It should be noted, however, that other operationalizations of car dependency could lead to different results. This study focused on
evaluations of CBs and cars in general, irrespective of specific types or contexts (e.g., trip purposes), which can affect evaluations
(Anable & Gatersleben, 2005). Regarding our sample, selection biases are possible as, for instance, frequent users might be over-
represented (Firnkorn & Miiller, 2012). In addition, while the sample guarantees that participants have experience with CBs, we
assumed that participants are sufficiently experienced to rate cars in view of the ubiquity of cars in society (cf. Section 2.1). Finally, the
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focus of this study on individuals and their subjective motives is only one piece of a larger, complex puzzle. In this regard, structural
barriers to individual mobility behavior change are stressed (Ruhrort & Allert, 2021). This, however, is indirectly reflected in par-
ticipants’ perceptions of transport modes and addressed in structural implications of our study such as infrastructure improvements.

6.4. Future research

This study provides direct implications for future research. Firstly, with regard to car ownership effects of CBs, other groups such as
CB owners could be investigated. This would provide insights into the car ownership reduction potential of different forms of CB
provision. In addition, for precise quantifications of environmental impacts, future research could build on studies on car sharing
(Martin et al., 2010) and ask for information on the type of car and its usage. In addition, while our group comparison did not reveal
substantial differences with regard to socio-demographic and geographic factors, researchers could aim at diving deeper into the
differences between individuals who shed their cars and those who do not to better understand what drives and what inhibits this
decision. For instance, cluster analyses could provide valuable insights (Anable, 2005; Hunecke & Haustein, 2007). In addition,
investigating general differences in motives based on aspects such as age, gender, income, or CB experience seems promising (Bixhaku
et al., 2023; Kumar & Sinha, 2022).

Secondly, regarding motives, the present study analyzed the perspective of existing CB users. While this is important, this group still
represents early adopters and is characterized by, for instance, strong environmental values (S. Becker & Rudolf, 2018a; Hess &
Schubert, 2019). As current non-users perceive divergent and additional barriers regarding CBs (Hess & Schubert, 2019), it is also
important to better understand their motives to (not) use CBs compared to cars. This could be assessed with representative samples
covering the overall population. With regard to the results in general, studies could investigate causal relationships, for instance, by
deploying randomized controlled trials (Bjgrnara et al., 2019).

7. Conclusion

The objective of this study was to help fill two research gaps by analyzing the potential of CBS with regard to car ownership and by
investigating discrepancies between cars and CBs in terms of underlying motives. To do so, we applied an established approach from
traffic psychology to CBs as a rather less researched means of transport. Overall, our results indicate a considerable potential of CBs and
CBS to reduce car ownership. Participants consistently state environmental motives and concerns as the most important reason to shed
their cars as well as the most important for choosing a transport mode in general. At the same time, cars are rated better on several
instrumental attributes which does, however, not or only to a limited extent apply to users that reduced car ownership. Our results
therefore indicate that CBs and CBS are promising and sustainable alternatives to private car ownership. Thus, they could contribute
not only to reduced car use but also to reduced car ownership, resulting in additional environmental, social, and economic advantages.
Referring to the initial question stated in the title, CBs can indeed to some extent compete with the private car. Nevertheless,
competitiveness could be further improved with infrastructural measures which particularly aim at closing gaps on instrumental
attributes.
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Fig. Al. Results of the Confirmatory Factor Analysis (CFA) regarding the importance of motives.
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Table Al
Pearson correlations of factor means.
Instrumental Affective Symbolic Environmental
Instrumental 1.00
Affective 407F** 1.00
Symbolic 7 2097 1.00
Environmental 13k 19 25%x* 1.00

Note: *** p < .001 (two-tailed test).

Table A2
Regression of relevant dependent variables on ratings of CBs and cars.
R2 F df B t P

DV: Intention to use CBs 0.09 61.18 2,379 <.001
Instrumental 0.03 0.86 .389
Affective 0.28 10.88 <.001
Symbolic 0.02 1.38 .169
Environmental —0.00 —-0.10 917
DV: Intention to sell car 0.07 22.91 1,084 <.001
Instrumental —0.45 —5.22 <.001
Affective -0.15 -3.17 .002
Symbolic 0.09 1.92 .055
Environmental —0.08 -1.39 .165

Note: Ratings of CBs were used to predict intention to use CBs while ratings of cars were used to predict intention to sell cars. Regression for intention
to sell car is based on car owners only.
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