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A B S T R A C T   

The transformation of the mobility sector is underway, and technological innovations such as autonomous 
driving are showing a way to set the future of mobility. In the implementation of new mobility offers, it is 
essential to consider aspects of acceptability research, as their use may directly depend on acceptability. 

In this study, determinants of the acceptability of autonomous mobility were investigated using both a 
comprehensive questionnaire and a virtual reality study. The questionnaire results show that assessments of 
acceptability of autonomous driving, in general, are lower than the acceptability of specific autonomous vehicles, 
in this case, autonomous cargo bikes. For both, acceptability increases if (1) the object of acceptability is also 
expected to be highly beneficial, (2) environmentally friendly values or (3) an intention to use sustainable means 
of transport exist and (4) discomfort towards innovations such as digitalization is low. Furthermore, the 
assessment of acceptability varies depending on groups, e.g. between men and women, or between cyclists and 
car drivers. 

Our virtual reality study showed that the possibility to experience interaction with autonomous vehicles has a 
positive effect on their acceptability and related variables.   

Introduction 

Analog to profound changes in energy production, mobility choices 
and preferences are fiercely discussed, moving intermodal mobility of-
fers, alternatives to personal car use, and societal topics such as climate 
change into the foreground. One prominent topic is autonomous 
mobility (Madigan et al., 2016). 

The estimates of the beginning of autonomous driving worldwide 
differ from 3 to 30 years to never. This might be due to different un-
derstandings of the requirements that are needed (Maurer et al., 2016). 
While most of the current research focuses mainly on cars (Maurer et al. 
2016), several levels of society are engaged in this discourse. Mainly 
risks are discussed here, such as safety and trust in technology (Abraham 
et al., 2017). Autonomous mobility however also offers opportunities. 
One of them lies in the possibility of electric autonomous vehicles to 
reduce fuel consumption up to 20% and reduce CO2 emissions by a 
similar extent (Barth & Boriboonsomsin, 2009; Igliński & Babiak, 2017). 
Similarly, efforts to reduce the number of road crashes and accidents 
(Knechel, 2015) are a main driving force behind the evolution of 
autonomous driving which would enhance both road safety and urban 

mobility (Forrest & Konca, 2007), creating a viable opportunity for the 
development of flexible mobility offer, smaller autonomous vehicles and 
environmentally friendly traffic. 

Our research focuses on such micro-vehicles, i.e. autonomous driving 
cargo bikes (ACBs). While also tackling important aspects of future 
mobility such as reducing the total amount of cars and promoting the use 
of environmentally friendly mobility such as public transport, ACBs offer 
the opportunity to realize improved door-to-door mobility (Krause et al., 
2020). The concept of autonomous Mobility-on-Demand gained a huge 
research interest in the last years, especially since such systems offer the 
opportunity to solve existing problems in bike-sharing, particularly fleet 
imbalance during peak hours (Salah, Mukku, Schmidt & Assmann, 
2020). Such ACBs could therefore improve current bike-sharing offers – 
autonomously driving to user’s selected starting points, manually driven 
by users in their desired purpose, and then finally – again autonomously 
– returning to a depot. Thereby, ACBs could avoid manual rebalancing 
problems of existing bike-sharing services and could offer more signif-
icant reductions in operational costs (Zug et al., 2019). 

We were interested to determine the acceptability of introducing 
such autonomous cargo bikes in a larger German city. First, we were 
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interested to see which underlying psychological parameters were 
important to assess acceptability. Second, we did strive to understand 
how the level of acceptability may differ at baseline level and after 
experiencing the ACB in an immersive virtual matter. Since bikes share 
their paths with essentially all other road users, acceptability has to be 
assessed for different subjects. 

This paper structures as follows. In the theory section, we offer the 
theoretical frame for our research, describing state-of-the-art accept-
ability research and relevant determinants that can be concluded from 
former studies. The method section informs on our approach and the 
statistical analysis used, offering results in the following section. At the 
end of the paper, we discuss our findings and summarise our 
conclusions. 

Theory 

Mobility is in transition – with autonomous driving and other in-
novations transforming this sector slowly, but thoroughly. Everyone 
participates in mobility one way or another, so very different groups of 
relevant actors – as in subjects of acceptability – must be taken into 
consideration when studying the acceptability of such innovations 
(Geels, 2005). Essentially, to what extent are we as a society prepared to 
accept a transport system in which fully automated vehicles are on the 
roads? Acceptability takes place within a broad framework of social and 
technical construction processes and is therefore interdependent on 
peoples’ attitudes, expectations, and actions, corresponding values, and 
norms as well as contextual factors. 

Current studies focusing on autonomous driving in general show 
trends of people being generally open towards this innovation (e.g. 
Continental, 2013; Schweizer-Ries et al., 2010; Lenz & Fraedrich, 2015). 
However, results differ with other studies pointing toward trust issues a 
significant portion of people (either road users or other participants in 
traffic) have with automated driving (for an overview, see Cartenì, 
2020). Apart from that, there is, to the authors’ knowledge, virtually no 
research on the acceptability of autonomous micro vehicles or autono-
mous cargo bikes yet. 

A distinction between acceptability (before implementation) and 
acceptance (after implementation) emerges in technology research 
(Distler, Lallemand, & Bellet, 2018; Schuitema, Steg & Forward, 2010). 
While acceptance research focuses on objects such as new products and 
future users’/consumers’ attitudes towards them (Lenz & Fraedrich, 
2015), acceptability research takes social and public social willingness 
to accept a fully automated transport system into consideration. Dis-
tinguishing between different actor groups, such as citizens, users, 
consumers or other socio-political levels is relevant (Huijts et al., 2012a, 
Stern et al., 1999). 

In our study, we focus on differentiating between objects of accept-
ability – the ACBs – and acceptability subjects – people interacting with 
the ACB, for example, other road users. Lenz and Fraedrich (2015) 

postulate a third category: the context of acceptability. In the case of this 
study, the context would be everyday urban mobility routines, in which 
object- and subject-related attitudes, perceptions, evaluations, and 
construction properties of the ACB are examined (see also Rauh, Appel & 
Graßl, 2020). 

An ACB as this study’s object of acceptability is developed as an 
autonomous transport bike with three wheels (Fig. 1), intended to 
supplement local public transport in everyday life. The bike will ride 
autonomously on designated cycle paths and interact with other road 
users following the road traffic regulations. 

To understand why ACBs are being developed in the first place, it 
makes sense to consider them in connection with today’s transport 
system. People often use different means of transport for one journey (e. 
g. a commuter first travels part of the way by train and covers the rest of 
the way by bus). Particularly on the so-called last mile, there are 
connection problems, e.g. due to a very long walk from the tram station 
to the workplace. Since there is a high demand for making urban envi-
ronments and urban mobility more sustainable, the development of 
innovative concepts for the last mile that fulfill such requirements is 
becoming more and more of a priority. In current concepts, municipal, 
urban as well as corporate planners emphasize the importance of 
including cargo bikes in such concepts (Assmann, Lang, Mueller & 
Schenk, 2020). Cargo bikes are not only emission-free, environmentally- 
friendly vehicles, but also a viable means of transport in urban envi-
ronments: their valuable benefit is the potential to reduce travel time for 
users over short distances in dense urban settlements, especially with 
higher traffic volumes (Assmann et al., 2020). Thus, they may be able to 
offer their users a continuous journey including the last mile, especially 
in settings where cars or other means of transport are not usable. Sharing 
systems for conventional and cargo bikes exist in many of today’s large 
cities, but they contain a major challenge: fleet imbalance, meaning that 
borrowed bikes are often not returned to the station or no bikes are 
available, especially during peak hours (Salah et al., 2020). Redistri-
bution is often expensive for operators of such sharing systems (Zug 
et al., 2019). This is where ACBs enter the picture to close such gaps, e.g. 
by solving the redistribution issue dynamically for operators – but above 
all to provide users with more comfortable mobility according to their 
needs. To reach this goal and to enable real door-to-door mobility, we 
develop an ACB ready to be integrated into a bike-sharing system of the 
5th generation (Zug et al., 2019). ACBs will bridge existing gaps by 
autonomously driving to the user’s desired starting point, e.g. their 
home, a train station, a supermarket, or their workplace. Then, users 
drive the ACB manually to their desired destination(s). Once all the 
paths for which the ACB was needed are done, the ACB autonomously 
returns to a waiting point, the depot, or the next user (see Krause, Ass-
mann, Schmidt & Matthies, 2020 for further details). 

There is consensus in current research that citizen acceptability is of 
great importance for the diffusion of such new technologies (Bögel et al., 
2018). To access the acceptability of such a new mobility offer, different 
aspects have to be taken into consideration. As Distler, Lallemand, and 
Bellet (2018) point out, previous studies in the sector of acceptability of 
mobility offers have mainly used adaptations of technology acceptance 
models, such as the Unified Theory of Acceptance and Use of Technology 
(UTAUT, Venkatesh et al., 2003), or models that specialize in cars, such 
as the Car Technology Acceptance (CATM, Osswald et al., 2012) model. 
Analogies to other technologies and thus acceptability experiences from 
these areas tend to be difficult to establish. To the authors’ knowledge, 
there is almost no research in this area on other autonomous vehicles or 
specifically ACBs. Furthermore, existing research on the acceptability of 
e.g. other technological innovations is rather difficult to transfer to 
autonomous driving, given its novelty. Although there are a lot of 
automated transport systems (e.g. aircraft, ships, (underground) trains, 
or military vehicles; Lenz & Fraedrich, 2015), most of them still operate 
using a human control or steering authority. For this reason, autono-
mous driving could also entail very specific requirements for accept-
ability. Therefore, there is a need to generate knowledge on the 

Fig. 1. Schematic representation of an ACB with three wheels and a cargo box 
system. Image created by Devina Manoeva, 2019. 
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acceptability of specific autonomous vehicles. 
Subjects interacting with such an ACB in daily traffic are either pe-

destrians or other bike/car drivers. While researching their accept-
ability, it is relevant to consider relevant psychological factors (Huijts 
et al., 2014). When relevant attributes are to be studied, psychology 
often distinguishes between internal and external factors. Internal fac-
tors describe causes or factors that may be „in“ a person, e.g. cognitive, 
emotional, attitudinal while external factors describe environmental 
attributes „outside“ of a person (Nerdinger and Horsmann, 2004; 
Guagnano et al., 1995). Following a typical distinction of dimensions, 
for example, attitudes and values relevant to acceptability could be 
assigned to internal factors, relevant actions to external factors. 
Depending on the object of acceptability as well as on the relevant di-
mensions, only specific indicators can be operationalized and measured 
in each case - which in turn inevitably excludes others (Lenz & Frae-
drich, 2015). A careful selection is therefore necessary. 

Huijts, Molin and Steg (2012b) proposed a comprehensive frame-
work for the acceptability of technological innovations, i.e. in the energy 
sector. They combined findings from different studies to generate an 
overview of relevant determinants. In a combination of the Theory of 
Planned Behaviour (Ajzen, 1985) and the Norm Activation Model 
(Schwartz, 1977), such relevant aspects are for example prior experience 
and knowledge, positive and negative affects, cost, risk and benefit as-
sessments, but also social and personal norms, perceived behavior 
control and attitudes. While Hujits et al.’s (2012b) framework summa-
rise a lot of relevant constructs that have been often checked in previous 
studies, the framework may not be suitable for acceptability of a specific 
technology or vehicle, given the differences in scope between broad 
system changes like in energy production and distribution systems and 
specific modes of transport in daily life. Therefore, while this study 
referred to the findings of Hujits et al.‘s (2012b) framework, the study 
space in terms of research was supplemented with further relevant 
aspects. 

One of the first aspects of relevance here concerns the extreme 
innovativeness of autonomous mobility, as it is an innovative, relatively 
new, and relatively unknown technology for everyday life. Wolske, 
Stern and Dietz (2017) argue along the Diffusion of Innovations Theory 
according to Rogers (2003, cited according to Wolske et al., 2017) that 
looking at the innovativeness of people offers interesting conclusions for 
the acceptability of corresponding technologies. We assume that this can 
equally apply to the assessment of the acceptability of ACBs. As Wolske 
et al. (2017) further argue, innovativeness is also linked to how bene-
ficial or harmful such technology is perceived to be. A corresponding 
cost-benefit assessment of their implementation is, therefore, of interest. 
Possible benefits do not only have to refer to financial or social aspects 
but can also include environmentally friendly aspects. Wolske et al. 
(2017) emphasize that an acceptable innovative technology must „fit in“ 
with existing needs, behavioral strategies, and values. Proximity to 
everyday life and the possibility of trying out or experiencing such a 
technology oneself also have an impact on acceptability. These aspects 
apply to ACBs. 

Since our study concerns environmentally-friendly mobility alter-
natives, some aspects considering environmental value orientation 
(Bouman, Steg & Kiers, 2018) or environmental identity (e.g., Stern, 
Dietz, & Guagnano, 1995) are also to be considered. Results from prior 
studies showed that apart from perceived usefulness and perceived ease 
of use, environmental concern had a positive significant relationship 
with people’s intentions to use autonomous vehicles (Wu et al., 2019). 
Trust emerged as another important factor (Liu et al., 2020). 

The level of acceptability could further differ depending on the 
perspective from which road users are asked. For example, cyclists might 
find ACBs acceptable in a different way than motorists would, and pe-
destrians’ perspectives might differ. Therefore, group identification with 
different road users (pedestrians, other bike drivers, car users, …) should 
be considered as well. Furthermore, the communication of autonomous 
vehicles with their surroundings could play a relevant role in 

acceptability (Krause et al., 2020). In prior studies, a comprehensive set 
of suitable communication strategies between an autonomous entity and 
other road users was selected and pilot tested (Manoeva, Gehlmann, 
Maiwald, Riestock & Schmidt, 2020). For example, findings showed that 
sounds similar to classic bike sounds (e.g. bells) were preferred, as well 
as simple, distinctive visual cues. 

Surveys that directly test assessments of autonomous driving are 
currently still subject to the challenge that neither a broad level of 
knowledge nor concrete experience with the technology can be 
assumed. Such attitudes and assessments may therefore only be valid to 
a limited extent since the subject of the survey is not yet clearly defined 
because it is hardly known (see Lenz & Fraedrich, 2015). Furthermore, it 
is known from some studies that the possibility of directly experiencing 
or witnessing an acceptability object has an impact on acceptability (e.g. 
Pakusch & Bossauer, 2017; Martin et al., 2009; Shaheen et al., 2008). 
This underlines how important it is not only to measure acceptability in 
the abstract against a presented concept or object but - if possible - to use 
the possibility of establishing direct “contact” between objects and 
subjects to achieve more valid judgments. 

In this context, the possibility of an (a priori) experience usually has a 
positive effect on acceptability. For example, Morra et al. (2019) found a 
direct effect between being exposed to an autonomous vehicle in a vir-
tual reality environment and the willingness to test a real autonomous 
vehicle. Löcken, Golling and Riener (2019) tested the effects of pre-
senting autonomous vehicles in virtual realities on trust, safety, and user 
experience, thus underlining that this particular form of research in the 
field of Human-Machine-Interaction is suitable for investigating such 
aspects. 

The present studies approach the complex issue of the acceptability 
of autonomous vehicles in urban settings. Particularly, four research 
questions are focused on: 

Research questions (study 1):  

1. Which determinants can predict the acceptability of autonomous 
driving?  

2. Which determinants can predict the acceptability of ACBs?  
3. What are the group differences concerning the assessment of the 

acceptability of autonomous (cargo) mobility? 

Research question (study 2):  

4. What are the differences in terms of acceptability in indirect abstract 
and direct (virtual) contact with an ACB? 

We approached these research questions in two study sets. First, a 
survey was conducted to generate insight on determinants of accept-
ability. To explore differences in different groups of road users, we 
conducted immersive experience studies with the ACB. 

Study 1 

Material and methods 

Data collection procedure 
A representative sample was drawn for a large German city (ca. 

200.000 residents). For this purpose, the participants were contacted 
and recruited by direct mail (6000 letters were sent out in total) via the 
residents’ registration office and an additional advertisement in a daily 
newspaper. The participants received a link to the online questionnaire 
or were able to complete the survey by telephone. Data were collected 
from April to June 2020. In Chapter 3.1.3., the sample will be described 
in detail. 

Outcome Measures 
Participants were asked to state the sex they identified with, their 

age, level of education, and monthly income. The questionnaire was in 
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German, so in the following section, we offer translated examples of the 
items used. 

To measure whether participants were interested in pro- 
environmental aspects, we chose values following prior studies (see e. 
g. de Groot and Thøgersen, 2018 for an overview). Values were 
measured following Stern et al. (1998), asking participants whether the 
following aspects (altruistic, biospheric, conservative, egoistic, hedo-
nistic) are guiding principles of their lives. On a 7-point-scale, partici-
pants rated values from „not important at all“ to „guiding principle“. 
Following the idea of this scale, biospheric values transport the idea of 
climate protection as a guiding principle whereas the other dimensions 
cover different value aspects. 

To find out more about participants’ norms, attitudes, or intentions 
toward climate-friendly mobility aspects, several measures were used. In 
detail, participants were asked about their personal norms (8 items, 
„People who are important to me expect me to use climate-friendly 
means of transport.”), environmentally friendly identity (New Ecolog-
ical Paradigm, 8 items, „I am concerned about the environmental 
degradation caused by human resource consumption.”) and general 
attitude towards environmentally friendly traffic (3 items, „More envi-
ronmentally friendly means of transport should be promoted with public 
funds.”), their perceived behavior control to use such modes of transport 
(PBC, 3 items, „If I want, I can choose a climate-friendly means of 
transport.”) and, consequently, their intention to use them (2 items, „I 
intend to use climate-friendly means of transport such as the bicycle or 
public transport.”, „In the future, I would like to (continue to) include 
the impact on the climate in my choice of transport.”). 

To assess differences in car vs. bike mobility-related aspects, we were 
interested to know about participants’ problem awareness concerning 
cars (3 items, „I worry when I think about the climate impact of 
driving.”) and their perceived dominance of cars (3 items, „The design of 
public space should give high priority to the use of the car.”). Further-
more, we used items to assess the attitude towards bike traffic (3 items, 
„Cycling should be promoted.”), attitude towards bikes (4 items, „I enjoy 
cycling.”), the perceived safety of bikes (3 items, „I am afraid of getting 
into an accident when I ride my bike.”), and satisfaction with bike 
infrastructure (3 items, „There is a sufficiently well-developed cycling 
infrastructure in [my city].”). To check for differences in perspective, we 
also asked participants if they identified with a specific group of road 
users most. The item was „I identify myself above all with other people 
who do most of their everyday walking as follows“, reply options were 
„by foot“, „by bike“, „by public transport“, „by car“, „others“; giving 
participants the option to fill in other options. 

To gain further knowledge relevant for aspects concerning accept-
ability, we also assessed 4 items for the acceptance of technology (4 
items, „I am always interested in using the latest technical equipment.”), 
and the general resistance against change (3 items, „I don’t like to adapt 
to changes in my everyday life.”). We measured prior experience with 
cargo bikes as well as with autonomous driving. For cargo bikes, we 
asked people whether they had read or heard about cargo bikes, had 
seen one in daily life, or had used one. Participants indicated if this 
applied never, seldom, occasionally, or often. Analogue, they were asked 
if they had read or heard about autonomous driving if they had seen an 
autonomous gadget at work or home, if they used autonomous systems 
in their own car and if they had ever been driving inside an autonomous 
vehicle. Again, participants rated if this applied never, seldom, occa-
sionally, or often. 

The perceived benefit of autonomous driving was measured using 4 
items („In my opinion, the introduction of autonomous driving brings 
many advantages for a climate-friendly traffic turnaround.”), analogous 
for the perceived benefit of ACBs („I am convinced that the introduction 
of autonomous transport bikes is a win–win for the population in the 
development towards climate-friendly transport.”). Participants replied 
using a 5-point-Likert scale, ranging from „do not agree at all“ to „fully 
agree“. 

Participants were also asked how likely they would intend to use the 

ACB system once it would be implemented in real life. Reply options 
ranged from „not at all likely“ to „very likely“ on a 5-point-Likert-scale. 

For measuring acceptability, several item sets were used. Both for 
acceptability of autonomous driving in general as well as ACBs, we used 
a 5-item set („I see the introduction of autonomous driving in Germany 
as a positive development for the future.”, „I would be worried if 
autonomous transport bikes were on the road in Magdeburg.” 
(reversed)). Here, participants replied using the same 5-point-Likert 
scale described above. 

Additionally, two more items were used to measure acceptability: 
„How would you rate it overall if autonomous driving were introduced 
in Germany?” and respectively „How would you rate it overall if 
autonomous transport bikes were introduced in Magdeburg?”; in both 
cases participants replied via 5-point-liker scale, ranging from „abso-
lutely unacceptable”, „rather unacceptable”, „undecided”, „rather 
acceptable” to „completely acceptable”. 

For every measure, there was an „opt-out“ option named „no 
indication“. 

The survey was split into two parts. In the first part, sociodemo-
graphic information and questions on aspects relevant to autonomous 
driving, in general, were asked. Then, participants were given an 
informational slide on both the AuRa project as well as the ACB. We 
included this information to ensure every participant was on the same 
level of information concerning such innovative technology. It can be 
found in the Appendix section at the end of this paper. 

There were also other constructs used in this survey. However, they 
are not part of the results or content discussed in this paper and are 
therefore not mentioned here. 

Sample 
1116 people took part in the survey. After deleting cases who did not 

complete the entire survey as well as unreliable cases by controlling for 
missing values and answering time for the entire survey, the final sample 
consisted of 1099 people. Table 1 illustrates the sample characteristics. 
The proportion of women and men was balanced. Participant’s ages 

Table 1 
Socio-demographic features of the sample Study 1 (n = 1099).  

Characteristic Sample Study 1 Population of the city the 
sample was drawn from 

Gender 50,1 % male (n = 560)  

49,1 % female (n = 549) 
0,4 % diverse (n = 5) 

49,9 % male (n = 117.828)  

50,1 % female (n = 120.869) 

Age min 18 years – max. 88 years  

M = 40,57, SD = 16,305 

M = 47,6 years 

Level of 
Education 

43% university degree (n =
477)  

24% A-levels, university 
entrance qualification (n =
265) 
19% high school degree (n =
208) 
7,2% Vocational baccalaureate 
(n = 81) 
4,3% secondary school diploma 
(n = 48) 
0,6% no degree (n = 7) 

41 % university degree  

43,6 % A-levels, university 
entrance qualification 
6 % without lower secondary 
school leaving certificate 

Monthly 
Income 

17,4% less than 900€ (n = 195)  

10,1% 900 –1300€ (n = 113) 
7,1% 1301–1500€ (n = 79) 
10,2% 1501 – 2000€ (n = 114) 
13,1% 2001 – 2600€ (n = 146) 
14,4% 2601– 3600€ (n = 161) 
13.2% 3601 – 5000€ (n = 148) 
6,6% 5001 – 18000€ (n = 74) 
0,1% more than 18000€ (n = 1) 

11,6 % less than 900€  

14,4 % 900 – 1300€ 
8,8 % 1300 – 1500€ 
17,5 % 1500 – 2000€ 
17,2 % 2000 – 2600€ 
8,2 % 2600 – 3200€  

19,8 % more than 3200€  
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ranged from 18 to 88 years with a mean of 40,57 years (SD = 16,31). 
Concerning the level of education, 43% reported having a university 
degree, 24% had a university entrance qualification, 19% had a high 
school degree, 7,2% had a vocational baccalaureate, 4,3% had a sec-
ondary school diploma, and 0,6% reported to have no degree. Monthly 
household income was less than 900€ for 17,4%, 2601-3600€ for 14,4%, 
3601-5000€ for 13,2%, 2001-2600€ for 13,1%, 1501-2000€ for 10,2%, 
1301 – 1500€ for 7,1% and 5001 – 18.000€ for 6,6%. One participant 
reported earning more than 18.000€ per month. In comparison to the 
general population of the city our study took part in, the study sample is 
very similar to the general population in terms of gender and income. 
However, the study sample’s mean age is slightly younger, and study 
participants seem to be higher educated on average. 

Analysis 
The present study is an exploratory approach. The aim was to explore 

which determinants have significant relevance for the acceptability of 
autonomous driving on the one hand and ACBs on the other. 

For this purpose, multiple linear regressions were calculated. It was 
decided to report significant predictors, even if their shares in the 
variance explanation are small since this is one of the first studies in this 
field. In the discussion (chapter 5), however, the predictors are inter-
preted once again with regard to their relevance. 

On the other hand, we calculated group comparisons to explore 
differences in the acceptability of autonomous driving in general and 
ACBs in particular, and to differentiate between different roles of par-
ticipants in road traffic. All analyses were performed with IBM SPSS 
Statistics Version 26. 

Results Study 1 

A linear regression with acceptability of autonomous driving as the 
dependent variable and a set of explanatory variables yielded some 
significant results, F (28, 1099) = 63.13, p < .001, with 66% of the 
variance in acceptability of autonomous driving explained by the 
following variables: perceived benefit of autonomous driving (β = 0.4; t 
(1099) = -4,18; p < .001), attitude towards autonomous driving (β =
0.34; t(1099) = 11.28; p < .01), perceived benefit of ACBs 

(β = 0.13; t(1099) = 4,52 ; p < .01), perceived dominance of cars (β 
= 0.09, t(1099) = 3,39; 

p = .01), biospheric values (β = -0.11, t(1099) = -4,03; p < .01), 
attitude towards bikes 

(β = -0.06, t(1099) = -2,29; p < .05) and discomfort with digitali-
zation (β = -0.05, 

t(1099) = -2,12; p < .05). 
Furthermore, acceptability of autonomous cargo bikes is related to a 

number of significant determinants, shows a linear regression (F (5, 
1099) = 167,73, p < .01), with 43,7% of variance explained by the 
following variables: perceived benefit of ACBs (β = 0.502; 

t(1099) = 15,85; p < .01), intention to use environmentally friendly 
means of transport 

(β = 0.13; t(1099) = 3,41; p < .01), attitude towards autonomous 
driving (β = 0.11; 

t(1099) = 3,29; p < .01), attitude towards ACBs (β = 0.1, t(1099) =
3,36; p < .01) and perceived dominance of cars (β = 0.06, t(1099) =
2,06; p < .05). 

Across the board, autonomous driving is significantly less acceptable 
than ACBs (MAD = 3.58; SD = 1.1; MACB = 3.85; SD = 1.03; p < .01, n =
1099). In addition, a gender effect for the acceptability of autonomous 
driving was found: Persons identifying as male have a significantly 
higher acceptability of autonomous driving than persons identifying as 
female (t(1101) = 5.1, p = .01; Mm = 3.24; SD = 0.57; Mf = 3.07; SD =
0.54). 

Looking at the acceptability of ACBs, there is a significant group 
difference between subjects who identify more with cyclists vs. car 
drivers (t(707) = 0.63, p < .05; Mcyclists = 3.33; SD = 0.58; Mcardrivers =

3.2; SD = 0.53; p < .05) while cyclists find ACBs more acceptable than 
car drivers. 

Study 2 

Method and materials 

One study in which a digital version of an ACB interacted with pe-
destrians was conducted in a mixed-reality laboratory. Due to the huge 
size compared to classic projection systems, the Elbedome laboratory at 
Fraunhofer IFF is suitable for the demonstration and interactive proto-
type visualization on a scale of 1:1 with a 360◦ panorama and floor 
projection surface, which makes it possible to move realistically and to 
scale in virtual worlds (Fraunhofer, 2020). Real urban settings from a 
German city were used in this virtual reality. Participants walked 
through the settings and encountered the ACB in typical traffic situa-
tions. A starting point to structure such scenarios can be done by looking 
at different paths or path types. In Germany, a typical set of urban paths 
includes a) separate paths for pedestrians, bikes, and cars or other 
motorized vehicles, b) shared paths for bikes and pedestrians, c) shared 
paths for bikes and cars or other motorized vehicles. Some variations 
may occur. Different speed regulations for bikes and motorized vehicles 
apply, too (Manoeva et al., 2020). In a prior study, relevant traffic sce-
narios were chosen (Manoeva et al., 2020). 

Outcome Measures 
Data were collected using two questionnaires. On the one hand, the 

participants answered questions while experiencing the different traffic 
scenarios in interaction with the ACB. Then, among other questions, 
they each answered 5 questions about their encounter with ACB. The 
items were worded as follows: 

“I felt safe around the ACB.” 
“I found the signal from the ACB helpful in the situation.” 
“The ACB behaved as I expected it to.” 
“I can trust the ACB.” 
“I had the feeling that I could interact with the presented 
environment.” 

The last item dealt with the degree of immersion felt. 
Secondly, after completing the scenarios, they answered another 

Table 2 
Sample Characteristics in the Elbedome study.  

Characteristic Elbedome (n = 115) Population of the city the 
sample was drawn from 

Sex 55,7% female 
43,5% male 

50,1 % female (n = 120.869) 
49,9 % male (n = 117.828) 

Age 18–81 years 
M = 42,35 years (SD = 16,73) 

M = 47,6 years 

Level of 
Education 

56,8% university degree (n =
67) 
18,6% A-levels, university 
entrance qualification (n = 22) 
14,4% high school degree (n =
17) 
4,2% Vocational baccalaureate 
(n = 5) 
1,7% secondary school diploma 
(n = 2) 
0,8% other degree (n = 1) 

41 % university degree 
43,6 % A-levels, university 
entrance qualification  

6 % without lower secondary 
school leaving certificate  

Household 
Income 

11,0% less than 900€ (n = 13) 
8,5% 900 –1300€ (n = 10) 
5,9% 1301–1500€ (n = 7) 
15,3% 1501 – 2000€ (n = 18) 
11,0% 2001 – 2600€ (n = 13) 
16,1% 2601– 3600€ (n = 19) 
10,2% 3601 – 5000€ (n = 12) 
10,2% 5001 – 18000€ (n = 12) 

11,6 % less than 900€ 
14,4 % 900 – 1300€ 
8,8 % 1300 – 1500€ 
17,5 % 1500 – 2000€ 
17,2 % 2000 – 2600€ 
8,2 % 2600 – 3200€ 
19,8 % more than 3200€  
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short questionnaire (supplementary questionnaire in the following). In 
the supplementary questionnaire, measures already used in the survey 
for study 1 were used for comparability. Perceived behavior control, 
attitude towards environmentally-friendly mobility offers, perceived use 
of ACBs, attitude towards ACBs, acceptability of ACBs, and intention for 
using an ACB, were inquired again. 

Measures concerning the virtual reality situation were added and 
participants stated their age, sex, level of education, and monthly net 
income. 

Procedure and sample 
The study was conducted in September 2020. Participants who 

already participated in the survey (study 1) were asked if they were 
willing to participate in one more study. 115 people took part in the 
Elbedome study. No cases had to be deleted. 

Table 2 illustrates the sample characteristics. Slightly more women 
than men participated. Participant’s ages ranged from 18 to 81 years 
with a mean of 42,35 years (SD = 16,73). Concerning the level of edu-
cation, 56,8% reported to have a university degree, 18,6% had a uni-
versity entrance qualification, 14,4% had a high school degree, 4,2% 
had a vocational baccalaureate, 1,7% had a secondary school diploma, 
and 0,8% reported to have another degree. Monthly household income 
was 2601 − 3600€ for 16,1%, 1501-2000€ for 15,3%, less than 900€ for 
11%, 2001-2600€ for 10,2%, 5001-18000€ for 10,2%, 900-1300€ for 
8,5% and 1301 – 1500€ for 5,9%. In comparison to the general popu-
lation of the city our study took part in, the study sample is very similar 
to the general population in terms of income. However, the study sam-
ple’s mean age is slightly younger, and study participants seem to be 
higher educated on average. Also, slightly more women participated in 
our study. 

Results 

In the comparison of relevant variables between the people who 
participated in the survey of study 1 and then were in the Elbedome, a 
longitudinal result in four aspects was found. 

First of all, the likelihood of using the ACB system increased signif-
icantly in the sample which experienced a virtual interaction with the 
ACB (the Elbedome sample). Additionally, values for perceived behavior 
control, the perceived benefit of ACBs as well as the overall acceptability 
of ACBs increased significantly (Table 3). For the other variables, no 
significant group differences between study 1 and the Elbedome sample 
were found. 

General discussion 

Concerning the acceptability of autonomous driving in general, it is 
not surprising that its perceived benefit and a general attitude towards 
autonomous driving are relevant predictors here. The aspects of the 
perceived benefit of ACBs are also closely related, with ACBs being a 
sub-example or category of autonomous driving. The positive correla-
tion with the perceived dominance of cars is also to be expected, for one, 
since in most urban settings cars are indeed dominant, and since 
autonomous driving is socially discussed in close connection with 

autonomous cars. 
The negative significant correlations of biospheric values, an attitude 

in favor of cycling, and unease about digitalization are also consistent 
with the theory. Technological innovation does not necessarily have to 
go hand in hand with climate protection. Likewise, it can be assumed 
that autonomous mobility goes hand in hand with a high degree of 
digitalization so that unease towards one can be brought together with 
unease towards the other. The fact that people with an affinity for 
cycling view autonomous (car) mobility with skepticism also makes 
sense, since a “competitive situation” of the available road space can be 
assumed here. 

However, some effect sizes we found were only very small. For 
example, discomfort with digitalization (β = -0.052) and perceived 
dominance of cars (β = 0.064) contributed very little to our overall 
investigation. For future research, it may therefore be useful to focus on 
the effects of the perceived benefit of autonomous driving (β = 0.4, and 
ACBs; β = 0.5) and attitudes towards autonomous driving (β = 0.34). 

Looking at the results on the acceptability of ACBs, a similar picture 
emerges at first. Here, too, it is unsurprising and in line with the theory 
that the perceived benefit of ACBs is a strong predictor of their accept-
ability, as is the attitude towards autonomous driving in general and 
ACBs in particular. Regarding the result that the intention to use 
climate-friendly means of transport is also a positive predictor, it is 
assumed that ACBs are perceived as a substitute for cars - which are 
harmful to the climate - which also explains this correlation. Somewhat 
surprisingly, the perceived dominance of automobiles was found to be a 
positive predictor of the acceptability of ACBs. A possible explanation 
could be that when answering the items on perceived dominance of 
automobiles, it was mainly associated that cars are perceived as useful. 
Consequently, an ACB that can fulfill similar purposes of use as a car 
could be seen as an adequate substitute. 

Regarding group differences, it is interesting that the assessment of 
acceptability can vary depending on the group, e.g. between men and 
women, or between cyclists and car drivers. First of all, it is in the scope 
of theories as well as the expectation that cyclists would report higher 
acceptability for ACBs than car drivers, since a substitution from stan-
dard bike to autonomous (cargo) bike seems closer than from a car to a 
bike-like mode of transport, therefore easier to accept for cyclists. 
Although a significant difference was found, the mean values of the two 
groups are quite close to each other, so that this group difference should 
not be overinterpreted and this substantive explanation may be 
acceptable in explaining it. 

Looking at the mean values for the gender effect, the difference is 
substantially larger. Previous research showed, that some gender effects 
in mobility can be found. For example, Sandhu (2019) found a strong 
gender preference for the male gender in television commercials for 
automobiles, Granié and Papafava (2011) found that gender stereotypes 
are associated with driving, starting from the young age of 10 were 
children show very stable representations of male drivers, not so much 
for female drivers. This effect is also reported in gender differences 
found in judgments of traffic violations (Lawrence & Richardson, 2005), 
risk perception as well as consequences of crashed and accidents (Cor-
dellieri et al., 2016). While there is no gender difference in risk 
perception, however, men and women differ in the degree of concern 
about this risk, with women showing more concern. The authors (Cor-
dellieri et al., 2016) interpret this finding as the main difference between 
these two groups, which could also explain why men are more often 
involved in accidents and less concerned about road traffic, respectively. 
Considering these prior findings, a similar explanation for the effect 
found in our study could be assumed. Since this difference was only 
found for the acceptability of autonomous driving in general, but not for 
the acceptability of ACBs, we assume a minimal stereotype effect. 

The results from our virtual reality study point in a direction that, in 
general, it seems a good idea to promote acceptability by offering pos-
sibilities to explore such innovative technologies such as autonomous 
vehicles more closely - even if virtually. We found that not only the 

Table 3 
Results of the group comparison of relevant variables between study 1 and 
Elbedome samples.  

Item p m study 
1 

m 
Elbedome 

n 

Likelihood of Use  0.000  3.35  3.78 97 
PBC  0.000  4.13  4.48 86 
Perceived Benefit of autonomous Cargo 

Bikes  
0.000  3.83  4.13 82 

Acceptability of Autonomous Cargo 
Bikes  

0.000  3.53  4.19 75  
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intended use (as a strong indication of its acceptability) of an ACB 
increased significantly with the possibility of a virtual encounter, but 
also values for perceived benefit and overall acceptability of ACBs were 
significantly higher. This is in line with prior findings, as we outlined in 
section 2. We found also significantly higher values for perceived 
behavior control, which indicates that a direct experience of the ACB 
enabled the participants to better assess whether such a means of 
transport would be an option for them and which range of means of 
transport are available at all. 

Conclusions 

In the societal challenge of (co)shaping the transformation of 
mobility, the results of acceptability research are relevant and should be 
considered. Our study underlines that autonomous mobility as an 
innovative technology could become useful in two respects through 
autonomous small vehicles: for one, they indicate higher acceptability 
values than autonomous driving in general, and secondly, in terms of 
sustainability, they could offer a more climate-friendly substitution of 
conventional automobiles, resulting in further advantages. Such ad-
vantages cover not only sustainable urban development in general but 
offer various opportunities to improve urban quality of life by tackling, 
for example, health aspects and circumventing problems of automobile 
traffic, not only limited parking spaces but also the quality of air. In 
combination with sharing offers, ACBs could also enliven public trans-
port and offer new forms of participation in urban life for societies. 
These findings could be implemented into participatory approaches to 
redesign today’s cities to make way for a better tomorrow. 
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Appendix 

Fig. 2 shows a screenshot from the online questionnaire that was used to inform participants about the Aura project. 
Since the survey was conducted in German, the information was given in German as well. The text translates to: 
“The AuRa project 
In the AuRa project, an autonomous transport bike with three wheels 
is being developed. It is designed to complement public transport in 
everyday life. The bike will ride autonomously and considerately on 
designated bike paths and behave following road traffic regulations. 
The Department of Environmental Psychology is looking at mobility 
needs in [lagre german city] in a sub-project. It is also looking at how 
other road users perceive and evaluate such a transport bike. 
To understand why an autonomous transport bike is being developed 
in the first place, it makes sense to consider it in connection with 
today’s transport system. Often, people use different modes of 
transportation for one trip (for example, a commuter first takes a 
train for part of the way and then takes a bus the rest of the way). 
Especially on the so-called last mile, there are connection problems, 
e.g. due to a very long walk from the streetcar station to the work-
place. This is where AuRa comes in and can close this gap with the 
transport bikes - and thus enable a continuous journey from the front 
door to the destination.” 
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