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  Abstract 

In order to reach the goal of reducing traffic volume in cities, new smart, sustainable 

and user-centred mobility alternatives to motorized individual traffic are needed. 

The progress in vehicle automation offers a promising potential for increasing the 

attractiveness of public transport by improving the flexibility and availability of 

service. Besides the expected benefits, autonomous mobility services will open up a 

range of new challenges. Their ultimate success will crucially depend on user 

acceptance, while perceived safety issues of autonomous driving are a recurring 

theme in the media. Therefore, besides the technological challenges in any effort to 

build up autonomous mobility services, the perceived safety of prospective users 

needs to be taken into account as a necessary precondition for success from the 

beginning. Based on the results of a workshop with prospective users of an 

autonomous public transport system, an online survey was developed to analyse 

fears with regard to using the system. The identified fears can be clustered in three 

groups: (1) Fears of other persons as co-travellers, (2) Fears resulting from lack of 

transparency of the system and (3) Fears of technical malfunctions. 

Countermeasures to cope with those fears were defined and rated by the 

respondents.  

  Introduction 

Autonomous driving, shared transportation and the goal to create a shift from 

individual transport towards public transport play a major role in the discussion 

about relevant trends for the future of mobility (Zukunftsinstitut, 2018). Driverless 

public bus shuttles are a vision that combines those mobility trends and could 

become a central element within public transport (Fraedrich, Beiker, & Lenz, 2015; 

OECD, 2015). These shuttles could contribute to the reduction of traffic volume and 

emissions in cities by decreasing the number of rides in private cars while increasing 

the average number of passengers per vehicle. However, when introducing a radical 

change like autonomous bus shuttles to the public mobility market, it is important to 

take travellers’ needs, requirements and fears into account at an early stage of 

development (Brandies, König, Viergutz, Fraedrich, Gebhardt, Ulmer, Sippel & 

Dotzauer, 2017). Any innovative service should be based on actual users’ needs. 

This is a necessary precondition in order to attain acceptance and willingness to use 
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it (Rogers, 2003). Therefore, psychological research is an essential building block in 

system development throughout all stages of implementation. 

With a focus on regular fixed-schedule bus transport, various authors outlined that 

reliability, fare, distance of bus stop, frequency and travel time are amongst the 

relevant factors that affect the appraisal from a passengers’ perspective (Beirão & 

Cabral, 2007; Bourgeat, 2015; Jianrong, Wei & Bing, 2011; De Oña, De Oña, Eboli 

& Mazzulla, 2013; Hensher, 1994). A reliable service is a service that is controllable 

as well as predictable for the user, for example with regard to schedule and route. 

Therefore, the reliability of a transport service can be assumed to affect the 

passengers’ feeling of certainty. Passengers should be able to understand and predict 

the status and position of the vehicle as well as their time of arrival. As an extension 

of certainty, it is important that a transport service does not give the impression that 

it might cause harm to the users. It is therefore assumed that the perceived safety is a 

factor that has to be ensured for any new mobility service to be successful. Thus, in 

the development of new autonomous bus services, a primary goal should be to create 

a risk-free environment that gives users a feeling of certainty as well as safety. The 

use of a public autonomous transport system that operates small shuttle vehicles to 

be shared with persons that the user is not familiar with might cause concerns or 

even fears. The crucial characteristic of autonomous public transport in this context 

is the absence of a driver as a contact person and supervising authority who can offer 

protection. Since transport with autonomous bus services does not exist on a regular 

basis yet, perceived safety of users is a topic that to date has not been addressed 

sufficiently in transportation research.  

Therefore, the understanding of factors that affect perceived safety is an important 

goal in the development of innovative transport services. As a first step towards this 

goal, a workshop with potential users was conducted to identify and rate major fears 

that exist with regard to the characteristics of driverless bus shuttles. Ideas for 

measures and systems that may support the coping with those fears were derived 

within the workshop. As a second step, the identified aversive scenarios were 

translated into an online questionnaire, together with the measures derived for their 

mitigation. The questionnaire served to achieve a quantification of the measures’ 

potential to reduce fears related to autonomous public bus transport. In line with 

future mobility visions, the target transportation concept that the workshop as well 

as the online questionnaire referred to, was a transport with electrified and shared 

driverless bus-shuttles that are booked via an app, operate on demand and are 

flexible with regard to route and stops. 

  Workshops   

  Methods 

  Participants 

Two workshops were conducted independently of each other, with nine participants 

each. Of the 18 participants in total, 11 were women and 7 were men. They were 

recruited in the German capital Berlin. The average age of the sample was 39.6 

years (SD = 11.9 years). 17 out of the 18 participants were regular users of public 

transport. Thirteen of the participants reported using public transport daily, four 
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stated to use it up to six times a week and one person stated to use public transport 

less than once a month.  

  Material 

Since autonomous transport systems do not regularly exist in public transport, it was 

considered beneficial to introduce participants to this mobility concept before their 

participation. Therefore, it was recommended to participants to voluntarily try out a 

driverless shuttle service on one of the test fields that exist in Berlin before the dates 

of the workshops. On the dates of the workshops all participants confirmed that they 

had tried one of the existing services. The workshop itself took place in a meeting 

room. Thoughts and ideas were noted or sketched with markers on post-its and 

attached to movable workshop whiteboards.   

  Design and procedure 

In the introduction phase of the workshop, all participants were welcomed and 

briefly introduced to the topic and the objectives. The experiences that participants 

had made before with bus shuttles were shared by the participants in the group. In 

addition, participants were introduced to the concept of mobility on demand and the 

idea of public transport without fixed routes and stops in the beginning of the 

workshop. It was clarified that the target system to be discussed was a transport 

service based on electrified and shared driverless bus-shuttles that can be booked via 

an app, operates on demand and is flexible with regard to the route and stops. This 

concept including the potential booking system via app was additionally illustrated 

with explanatory videos to offer a more vivid impression. It was pointed out that the 

shuttle picks up passengers and lets them exit at virtual smartHubs, stops that are 

temporarily established along the route at spots that depend on the travel requests 

and catchment area of the prospective passengers. It was furthermore explained, that 

the optimal route is determined by an algorithm and that the distance and travel time 

could therefore vary depending on the starting points and destinations of individual 

passengers as well as mobility requests of other passengers that want to access the 

vehicle.  

After the detailed introduction, a brainstorming phase was introduced. The first task 

of the participants was to individually elaborate on the question: What would 

determine my personal safety experience in flexible and autonomous bus shuttles in 

the public transport of the future? Participants documented their individual thoughts 

on post-its. After the individual work, participants were instructed to share their 

ideas with each other. The pursued goal was to collect as many aspects that 

influence the personal safety experience (PSE) as possible. After participants had 

introduced their thoughts and ideas to each other, they were invited to cluster them 

in superordinate groups and label them with appropriate headlines.  

Based on the identified clusters of ideas an idea phase was started. The goal in this 

workshop phase was to identify measures that can enhance the PSE in the context of 

the introduced public transportation concept. Participants were asked to discuss how 

it might be possible to counteract each of the fears. All ideas that emerged during the 

workshop were documented on post-its and collected on movable workshop 

whiteboards. The entire workshop took three hours. Each participant received 30€ 

for the participation.  
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Results 

The central result of the workshops was a list of fears identified with regard to a 

public transportation system with flexible autonomous bus shuttles and a list of 

measures that could be part of the system to counteract the fears. The fears that were 

rated most relevant by the participants of the workshops are listed in table 1. A five-

point Likert scale was used for the ratings. Each fear that was on average rated with 

a value of three or higher was considered further in the process of the workshop. 

Table 1. Fears of workshop participants with regard to autonomous flexible bus shuttle 

services 

Category Description Identifier 

Fears related to 

other passengers 

A frightening group dynamic arises (e.g. 

drunken hooligans) 

group dynamics 

Unpleasant / strangely behaving passenger 

is entering the bus 

unpleasant passenger 

Being subjected to physical violence or 

sexual assault 

physical violence 

Criminal assault / theft theft 

No help of passengers in emergency 

situations 

no help 

Overcrowded bus overcrowded 

Signs of vandalism and destruction in the 

bus 

vandalism 

Uncertainty - 

Fears related to a 

not transparent 

system 

Unexpected stop of bus - not knowing what 

to do 

unexpected stop 

Unpunctual arrival, planning uncertainty unpunctual 

Bus takes a route through a bad area bad area 

Bus takes a route that is unfamiliar - not 

knowing where you are 

unfamiliar route 

Not knowing whether the sensors 

recognized an obstacle in the direction of 

driving  

sensor uncertainty 

System safety – 

Fears related to 

technical 

malfunctions and 

the design of the 

system 

Fear of a puncture puncture 

Fear of inability to intervene in the driving 

course  

no intervention 

Fear of insufficient maintenance of the 

vehicle 

no maintenance 

No emergency exit / Fear of inability to exit 

when it is very crowded and there is only a 

single door 

blocked exit 

Fear with regard to protection of personal 

data (booking via app) 

personal data 

The identified fears could be clustered in three major groups: fears related to other 

passengers, fears related to a potential lack of transparency of the service (leading 

to a state of uncertainty) and fears related to technical malfunctions and the design 

of the system. Fears related to other passengers contained for example the fear of 

being in a bus with a group of aggressively behaving persons, the fear of becoming 

the victim of a criminal assault or the fear of being alone in an autonomous bus 
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shuttle with no other passenger or driver that could help in case of an emergency. 

Identified fears labelled as uncertainty, refer to situations in which an individual is 

not able to understand or predict the status, position or time of arrival of the system. 

Planning uncertainties due to the flexible nature of the service play a role in this 

group as well as uncertainties regarding the detection performance of sensors in case 

of potential obstacles. Fears related to technical malfunctions or system design 

contain for example the fear of not being able to exit the vehicle through the only 

door provided when it is crowded or the fear that the vehicle could have a puncture 

and no supervisor is present to monitor the status.  

Based on the list of fears, a variety of measures were identified that could counteract 

the fears and make users feel safer in the envisaged bus shuttle system. Some 

exemplary ideas that were sketched based on the results of the workshop are 

illustrated in figure 1.    

These illustrations are examples of a variety of ideas that were identified by the 

participants during the workshop. Out of the variety of ideas, thirteen ideas were 

rated as relevant by participants. A five-point Likert scale was used for the ratings. 

(a) (b) 

(c) (d) 

Figure 6. Illustrations of exemplary measures to cope with fears in flexible autonomous bus 

shuttles, identified in the workshop. (a) mobile security and puncture service; (b) digital 

information panel inside the bus; (c) panic button with voice communication to safety service 

or police; (d) Video surveillance and assistance by traffic management central; (all 

illustrations designed by Zoë Fassina)  
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All ideas that received an average relevance rating of three or higher served as an 

input for the questionnaire study that is described in the next section. The following 

list introduces these thirteen ideas. It is not meant as a recommendation, but to give 

an overview of the results collected in the workshop: 

Seat monitoring system: Passengers can use an app of the transport company to 

display free seats, track them and plan their trips based on available seats. 

Individual cabin: In addition to the ordinary seating and standing places in the bus 

shuttle, a special room could be offered that is separated by transparent walls and 

can be locked from the inside.  

Locking system: The door of the bus shuttle can be locked from the inside if it passes 

through areas that passengers consider unsafe and hinder persons from the outside to 

enter the bus. 

Emergency brake: An emergency brake can be operated by passengers inside the bus 

shuttle. It can be used to elicit a full brake application. 

Mobile security service: The cabin of each bus shuttle is monitored by a video 

surveillance centre. If critical situations arise or passengers make an emergency call 

from the shuttle, a mobile security service company is contacted. The security 

service is on duty during the entire service time and able to intervene quickly on site 

in case of technical issues or passenger conflicts. 

Video assistance system: The cabin of each bus shuttle is monitored by a video 

assistance centre. The video assistant can be contacted by the passengers via a 

button in the bus. Video communication with sound and image is provided between 

passengers and the assistance centre. The assistant can help passengers in various 

situations. 

Mobile application: Via a mobile application of the transport company that can be 

installed on smartphones, passengers can report for example defective parts, dirt or 

signs of vandalism in the bus shuttles. In case of emergencies, an emergency call can 

be made with the application. 

Navigation interface: Monitors in the bus show a map overview and indicate the 

current location of the bus shuttle as well as the position of other public transport 

vehicles in the vicinity. Information about the route, upcoming arrivals and 

departures are provided. 

Passenger training: A training is offered for passengers who (want to) use the 

flexible bus shuttle and would like to know in detail how it works. The trainings are 

offered regularly by the transport company.  

Information system: Each bus contains an information system based on a digital 

information panel. The system provides information about the bus, a general user 

manual, a question-and-answer menu and explanatory videos.  
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Head-up display: An augmented display is projected on the windshield of the 

vehicle. It displays velocity information and announces the forthcoming direction of 

vehicle movement. In addition, it offers information about detected road users, 

obstacles and traffic signs. 

Panic button: When the panic button is operated by a passenger, a speech 

connection to an emergency call centre is established. In contrast to the video 

assistance system, no video communication is provided between passengers and the 

assistance centre. 

Telephone: A telephone inside the bus shuttles enables contact making within the 

German telephone network for persons who do not own a mobile phone. In case of 

emergency or changes to the route and / or the ride duration, it is possible to contact 

other persons. 

  Online questionnaire 

While fears related to flexible autonomous bus shuttles and measures to cope with 

those fears were identified during the workshop, the online questionnaire was 

designed to quantify the PSE and the assumed effectiveness of the measures 

described in the previous section to increase the safety experience of passengers in 

flexible autonomous bus shuttles.  

  Methods 

  Participants 

Three questionnaires (version A, B and C, see table 2) were designed to combine all 

aversive situations identified in the workshop with all of the measures envisioned to 

cope with those fears. Participants were randomly assigned to one of the three 

versions of the questionnaire. Out of 221 respondents who started to fill in one of the 

questionnaires, 106 completed it. Within the sample of these 106 respondents, 56 

were female, 46 were male and four categorized their gender as diverse. The average 

age of the respondents in the sample was 41.3 years (SD = 17.7 years). In total 42 

respondents completed questionnaire version A, 31 respondents completed version 

B and 33 respondents completed version C. 

  Material 

The three versions of the online questionnaire (table 2) were designed with the 

software Limesurvey Version 2.06. In total, the influence of thirteen measures on the 

PSE was tested in 17 fear scenarios derived from the workshop (listed in table 1). To 

rate the PSE with regard to a scenario, a continuous horizontal scale with a virtual 

sliding controller was used. The scale ranged from 1 to 100. The minimum was 

labelled with 1 – low personal safety experience and the maximum with 100 – high 

personal safety experience. The participants’ descriptions from the workshop were 

used to formulate short introductions to the measures. In addition, sketches 

comparable to the ones depicted in figure 1 were provided to illustrate the measures. 
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Table 2. Distribution of the 17 aversive scenarios across three online questionnaire versions 

A, B and C. Each of the 13 mitigation measures was presented in combination with each 

scenario. 

Questionnaire A  Questionnaire B  Questionnaire C 

unfamiliar route 
 

puncture 
 

no maintenance 

no help 
 

vandalism 
 

overcrowded  

blocked exit 
 

personal data 
 

bad area  

sensor uncertainty 
 

no intervention 
 

physical violence 

group dynamics 
 

theft 
 

unexpected stop 

 
 

unpunctual 
 

unpleasant passenger 

  Design and procedure 

To quantify the PSE, participants were first introduced to an aversive scenario based 

on the fears identified in the workshop (table 1) and were asked to imagine 

themselves in the scenario and give a rating of their PSE (e.g.: “Imagine that you 

are a passenger of the previously introduced flexible and autonomous bus shuttle. 

How would you rate your personal safety experience in this vehicle given the 

possibility to be subject of a criminal assault or theft?”). To rate the PSE with 

regard to this scenario, the value of a sliding controller had to be adjusted between 1 

and 100 (1 – low personal safety experience, 100 – high personal safety experience). 

These PSE values were used as a personal baseline with regard to each specific 

scenario. To evaluate the potential effect of measures on the PSE in a given aversive 

scenario, the scenario was presented to the respondents in combination with each 

one of the thirteen measures in succession. In every combination, participants rated 

their PSE with regard to the scenario under the assumption that the traffic company 

would introduce the specific measure in the bus-shuttle (e.g.: “Assuming that there 

was a panic button in each vehicle that you could use to immediately establish a 

connection to a safety service, how would you rate your personal safety experience 

in this vehicle given the possibility to be subject of a criminal assault or theft?”). To 

avoid order effects, the scenarios as well as the measures described for each scenario 

were presented to each participant in random order. 

Since the effect of each of the thirteen measures on each of the 17 identified aversive 

scenarios was to be tested, the resulting number of combinations was high. In 

addition, the flexible autonomous bus service, as well as each of the measures and 

each of the scenarios were introduced in detail. In case of a complete combination of 

scenarios and measures for each participant, this would have made the online 

questionnaire overly time consuming to fill in. Therefore, the overall item set was 

split into three questionnaires. Each contained only a subset of the scenarios, but all 

countermeasures (table 2). It took between 25 and 30 minutes to fill in one version 

of the online questionnaire. 
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  Results 

The first analysis served to analyse the impact of the 17 aversive scenarios on the 

PSE ratings. In each of the three questionnaire groups (sample A, sample B and 

sample C), a PSE baseline was determined. The baseline indicates the PSE that 

participants reported with regard to the idea of using the flexible autonomous bus 

shuttle in general. This baseline was then compared to the PSE reported for the 17 

aversive scenarios. For each of the three questionnaire samples, paired samples t-

tests were conducted to compare the PSE baseline to the PSE in each of the 

scenarios (Bonferroni correction applied to significance level). The descriptive 

results are illustrated in Figure 7. 

 

Figure 7. Mean PSE values reported for the baseline (using a flexible autonomous bus shuttle 

in general) and each of the aversive scenarios presented in the three questionnaire versions 

A, B and C. Error bars indicate the standard error. 

In sample A, the PSE difference of all aversive scenario to the baseline PSE value 

reached statistical significance, except for the scenario unfamiliar route, t(41) = 

2.194, p = .034, d = 0.34, for which the p-value did not fall below the Bonferroni-

adjusted significance level. As shown in table 3, the scenarios no help, t(41) = 6.065, 

p < .001, d = 0.94, blocked exit t(41) = 7.287, p < .001, d = 1.12, sensor uncertainty, 

t(41) = 7.533, p < .001, d = 1.16, and negative group dynamics, t(41) = 7.440, p < 

.001, d = 1.15, all led to significant differences in PSE compared to the baseline. In 

addition, these significant changes illustrate large effects of the scenarios on the PSE 

rating, as indicated by the high values of Cohen’s d.  

In sample B, for the respondents of the second version of the questionnaire, only the 

difference in PSE values between the baseline and the scenario vandalism was 

statistically significant, t(30) = 4.438, p < .001, d = 0.80. Signs of vandalism in a bus 

shuttle appear to have a large effect on the PSE. PSE differences in other scenarios 

did not reach statistical significance. However, the differences in PSE between the 

baseline and the scenario puncture, t(30) = 2.276, p = .030, d = 0.41, as well as the 

scenario theft, t(30) = 2.220, p = .034, d = 0.40, were close to statistical significance 

with small to medium effect sizes, but classified as not significant due to the 

Bonferroni-adjusted α. The difference in PSE with regard to personal data, t(30) = 

1.395, p = .173, d = 0.25, that are given to the traffic company, the inability to 

intervene, t(30) = 1.647, p = .110, d = 0.30 in the process of driving and the route, 

and a potential unpunctuality, t(30) = 0.436, p = .666, d = 0.08 of the bus shuttle did 
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not reach statistical significance compared to the baseline PSE. Still, small effects on 

the PSE were found for fears related to personal data that are given to the traffic 

company and the fear of the inability to intervene.  

Table 3. Comparison of the PSE of the scenarios to each samples baseline based on 

paired samples t-tests. 

Sample Scenario t df d p-value 

A unfamiliar route 2.194 41 - .034 

 no help 6.065 41 0.94 < .001 

 blocked exit 7.287 41 1.12 < .001 

 sensor uncertainty 7.533 41 1.16 < .001 

 negative group dynamics 7.440 41 1.15 < .001 

B vandalism 4.438 30 0.80 < .001 

 puncture 2.276 30 0.41 0.30 

 theft 2.220 30 0.40 .034 

 personal data 1.395 30 0.25 .173 

 intervene 1.647 30 0.30 .110 

 unpunctuality 0.436 30 0.08 .666 

C physical violence 4.301 32 0.75 < .001 

 unpleasant passenger 6.865 32 1.20 < .001 

 bad area 3.827 32 0.67 .001 

 unexpected stop 2.247 32 0.39 .032 

 maintenance -.178 32 -0.03 .860 

 overcrowded -1.923 32 -0.34 .063 

 

For sample C, the PSE value of six scenarios was compared to the baseline. Three of 

the six scenarios led to a significant decrease in the PSE. Large effects on the PSE 

could be found for the scenarios that describe experiences of physical violence or 

sexual assaults and an unpleasant passenger who is entering the bus shuttle. The 

PSE value differences for the scenario physical violence, t(32) = 4.301, p < .001, 

d = 0.75 as well as for the scenario unpleasant passenger, t(32) = 6.865, p < .001, 

d = 1.20, reached statistical significance. Moreover, the scenario of a bus shuttle 

driving through a bad area led to a statistically significant decline in PSE, 

t(32) = 3.827, p = .001, d = 0.67, with a medium to large effect. The PSE differences 

for an unexpected stop, t(32) = 2.247, p = .032, d = 0.39, the scenario overcrowded, 

t(32) = -1.923, p = .063, d = -0.34  and the scenario that describes doubts about the 

maintenance state of the vehicle, t(32) = -.178, p = .860, d = -0,03 did not reach 
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statistical significance. However, the scenario of an unexpected stop revealed a small 

to medium effect on the PSE rating.     

Next, the impact of the identified measures was analysed for each scenario.  

Pairwise comparisons of the PSE values were calculated between the general PSE 

ratings for each aversive situation and the PSE ratings under the assumption that one 

of the thirteen additional measures would be included in the particular situation. 

Therefore, thirteen paired-samples t-tests were conducted for each aversive situation. 

The critical p-value of .05 was corrected for thirteen pairwise comparisons per 

scenario, using the Bonferroni correction. An overview of the impact of the 

measures on the PSE in the particular scenarios is provided in table 4.  

Table 4. Overview of the paired samples t-tests results. Bonferroni correction was applied for 

the thirteen pairwise comparisons per line of the table. The * in the green fields indicate a 

pairwise comparison that reached statistical significance after Bonferroni correction with a 

value of p < .0038 

 

Since a lot of comparisons of the PSE values resulted from the combinations of all 

identified scenarios with all proposed measures, only a part of the analyses can be 

presented in detail in the following: Pairwise comparisons between scenario baseline 

PSE and PSE with a measure applied will be reported for five scenarios that 

revealed particularly low PSE values and the three measures for each of the 

scenarios that had the largest effect in enhancing the PSE value. The five scenarios 

are: no help of other passengers (M = 30.67, SD = 21.25), blocked exit of the bus 

shuttle (M = 27.93, SD = 23.96), sensor uncertainty (M = 27.45, SD = 22.09), 

negative group dynamics (M = 29.05, SD = 18.88) and physical violence / sexual 

violence (M = 37.15, SD = 30.48).  

For the scenario no help of other passengers in emergency situations, the measures 

that led to the largest increase in PSE were the mobile security service (M = 57.71, 

SD = 23.47), the video assistance system (M = 58.17, SD = 27.15) and the panic 
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button (M = 60.98, SD = 23.44). The increase in PSE reached statistical significance 

with p < .001 for each of the measures compared to the scenario baseline. The 

implementation of a panic button had the strongest effect on the increase of PSE, 

t(41) = -7.570, p < .001, d = -1.49, followed by the video assistance system, t(41) = -

8.310, p < .001, d = -1.28 and the mobile security service, t(41) = -7.670, p < .001, 

d = -1.18. 

The PSE rating for the scenario blocked exit was increased most by the same three 

measures, mobile security service (M = 50.93, SD = 29.60), the video assistance 

system (M = 45.12, SD = 27.94) and the panic button (M = 51.52, SD = 31.72). 

Again, all measures led to a significant increase in the PSE value compared to the 

scenario baseline. All measures revealed large effects, while the effect size of the 

panic button, t(41) = -6.278, p < .001, d = -0.97 and the mobile security service, 

t(41) = -6.240, p < .001, d = -0.96 were almost equal and slightly larger than the 

effect size of the video assistance system, t(41) = -5.475, p < .001, d = -0.84. 

To cope with the scenario sensor uncertainty the most effective measures appeared 

to be the emergency brake (M = 52.52, SD = 28.01), the mobile security service 

(M = 41.95, SD = 27.32), and the video assistance system (M = 43.81, SD = 27.52). 

All measures significantly increased the PSE ratings, compared to the scenario 

baseline. The emergency brake was rated as the most effective solution in the 

scenario to increase the PSE with t(41) = -6.762, p < .001, d = -1.04. Still, the video 

assistance system, t(41) = -4.947, p < .001, d = -0.76, and the mobile security 

service,  t(41) = -4.762, p < .001, d = -0.76 revealed a medium to large effect on the 

PSE ratings, too. 

For the scenario of a negative group dynamic that could arise in the bus shuttle, 

again the trio of the mobile security service (M = 60.02, SD = 23.76), the video 

assistance system (M = 50.24, SD = 23.54) and the panic button (M = 59.76, 

SD = 26.22) received the highest PSE ratings from the participants of the 

questionnaire: All PSE differences reached statistical significance compared to the 

scenario baseline. The panic button, t(41) = -8.616, p < .001, d = -1.33, was rated as 

most effective to increase the PSE value, followed by the mobile security service, 

t(41) = -5.641, p < .001, d = -1.28  and the video assistance system, t(41) = -5.641, p 

< .001, d = -1.87.  

In the scenario physical violence / sexual violence, again the mobile security service 

(M = 61.30, SD = 30.21), the video assistance system (M = 60.76, SD = 28.35) and 

the panic button (M = 64.91, SD = 26.07) led to the largest PSE ratings. All 

measures significantly increased the PSE ratings compared to the scenario baseline. 

The effect size of the panic button turned out to be the largest t(32) = -6.077, p < 

.001, d = -1.06. However also the mobile safety service, t(32) = -4.873, p < .001, d = 

-1.85  and the video assistance system, t(32) = -4.839, p < .001, d = -0.84  revealed 

large effect sizes with regard to their potential to increase PSE ratings in the sample. 

  Discussion 

Three groups of fears were identified: fears related to other passengers, fears related 

to a potential lack of transparency of the service leading to a state of uncertainty and 
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fears related to technical malfunctions and the design of the system. Especially fears 

related to potentially dangerous third persons that could threaten one’s own physical 

integrity turned out to be very relevant in the discussed mobility service. The fact 

that there is no driver in the vehicle who also serves as a supervisor appears to play a 

major role in the PSE ratings of persons who envisaged a flexible and autonomous 

bus shuttle service of the future. Low PSE values linked to fears like having no 

individual in the vehicle that is able to help in case of an emergency, being attacked 

or encountering negative group dynamics underline the particular relevance of fears 

of other persons. However, other fears like being unable to exit a crowded bus 

shuttle or being uncertain whether the sensors of the bus recognize obstacles reliably 

appear to be important for the PSE of potential passengers, too.  

Those fears underline the relevance of taking into account the perceived safety of 

potential passengers in the design process of future bus shuttle systems. Among the 

measures presented, it is noteworthy that measures like the mobile security service, 

the video assistance system or the panic button turned out to have a strong positive 

effect on the PSE in the majority of aversive scenarios. The similarity of these three 

measures is that they ensure contact to an authority who is supposed to serve as a 

protection from various harms. It appears that the physical absence of a person that 

is a defining characteristic of autonomous bus shuttles might be a key challenge that 

needs to be taken into account in systems design. It is noteworthy, however, that 

neither in existing public transport systems like subways nor in trains a driver can be 

approached by passengers. A crucial difference to bus shuttles might be the size of 

the vehicle. When passengers encounter an unpleasant situation, like a crowd of 

drunken persons, they are able to create a greater distance to the crowd when they 

are in a subway car, compared to a bus shuttle. The lack of interpersonal distance 

could be a factor that leads to a decrease in PSE. As described, systems that enable 

direct contact to an authority might be a possible solution for this problem, a good 

interior design of the vehicle might be another. 

It is noteworthy that this work has some shortcomings that limit the generalizability 

of the results. First of all, bus shuttle systems that operate without a driver do not 

exist in regular traffic to date. Thus, it is questionable how well participants of the 

questionnaire were able to envisage what it is like to use such a shuttle. A detailed 

introduction was provided in the questionnaire to clarify the concept as well as 

possible. Still, this introduction should be assumed to be the only reference point 

that participants had to the target transportation system. In addition, the described 

transportation concept had many characterising features, with the autonomy of the 

vehicle and the flexibility with regard to routes and schedules being the most 

prominent. Each of the characteristics might have its own particular set of fears that 

are connected exclusively to it. Therefore, it might be worthwhile to conduct 

additional research about characteristics of a transportation concept like autonomy 

and flexibility isolated from each other. 

Furthermore, especially during the workshop, all of the participants were inhabitants 

of Berlin. This implies that the fears they expressed with regards to autonomous and 

flexible shuttle systems as well as the potential solutions, represent perspectives of 

urban citizens. Those fears and concepts could differ from the associations that 
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people from rural areas could have with the same transportation concept. Research 

on future flexible and / or autonomous bus shuttle systems should focus on rural 

areas as well, since these concepts appear to be promising solutions especially for 

these areas (König, Meyer & Grippenkoven, 2017). 

As a general conclusion, the results of the workshop and the questionnaire underline, 

that besides the technological challenges that still exist in the field of driverless and 

flexible public transportation systems, psychological factors have to be taken into 

account as well. Regardless of the fact that PSE ratings of participants were made 

without previous experiences with such a system, the results reveal indicators that 

should be taken into consideration in the process of system development. 

Considering potential fears of prospective passengers in early stages of the 

development could help to avoid a public rejection and expensive failures when 

products are commercially launched in the mobility market. 
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