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Abstract. For the successful implementation and acceptance in road traffic, pe-

destrians’ attitudes towards safety, interaction and compatibility of AVs are im-

portant factors. The aim of this study is to investigate general attitudes towards 

AVs and to generate knowledge about aspects of safety and compatibility of AVs 

as well as interaction with AVs from the viewpoint of pedestrians. Semi-struc-

tured interviews with 24 participants were conducted in Germany between May 

and July 2020. Interviews were recorded, transcribed and analysed using Quali-

tative Content Analysis. The classification of participants regarding their general 

attitude towards AVs resulted in four categories, ranging from enthusiastic to re-

jecting attitudes. Our results revealed that safety attitudes are a major factor un-

derlying pedestrians’ general attitudes towards AVs. Confidence to cross the road 

in front of AVs was influenced by the ability of AVs to successfully interact and 

communicate with pedestrians. We conclude that pedestrians’ attitudes towards 

AVs may change with increasing interaction experience. 

Keywords: pedestrian, automated vehicle, attitude, street-crossing decision-

making 

1 Introduction 

As innovation in transportation proceeds, automated vehicles (AVs) with varying tech-

nological capabilities ranging from conditional automation (SAE Level 3) to full auto-

mation (SAE Level 5) are approaching [1]. AVs could significantly reduce traffic acci-

dents and reduce traffic congestion [2]. With the introduction of AVs, a mixed traffic 

environment will emerge which require interaction between automated and human road 

users [3]. Among all human road users, pedestrians are especially vulnerable [4]. To 

date, the implications of an increasingly automated vehicle fleet on pedestrians have 

not been studied extensively [5]. 

Initial insight into how pedestrians perceive and interact with AVs indicate an impact 

of road infrastructure and socio-demographic variables (i.e., age and gender) on the 
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type of interaction between pedestrians and AVs [6]. Deb et al. [7] showed that pedes-

trians with higher violation, lapse and aggression scores (as measured by the pedestrian 

behaviour questionnaire [8]) feel more confident about crossing in front of AVs. It is 

important to understand a pedestrians’ attitude towards AVs, as it is a decisive factor 

in understanding the decision-making process when interacting with AVs [9]. 

Attitudes towards AVs have mainly been studied from the perspective of users of 

AVs [9, 10]. Only a few studies on attitudes towards AVs which take the perspective 

of pedestrians are available [11–13]. In US based surveys, Penmetsa et al. [12] and Das 

et al. [14] showed that pedestrians with direct experience interacting with AVs reported 

higher expectations of the safety benefits of AVs than respondents with no direct inter-

action experience. Findings of a survey in the UK indicate that pedestrians perceive 

autonomous cars as less risky compared to human-operated cars [11]. In contrast, AVs 

were perceived as more risky than human-operated cars from the passengers’ point of 

view [11], stressing the need to take the type of road user into account when studying 

attitudes towards AVs. 

 This study examines attitudes towards AVs from the perspective of pedestrians in 

Germany. Using data from a qualitative interview study, we explore attitudes regarding 

safety, interaction and compatibility of AVs in a mixed traffic environment. Therefore, 

this work aims to contribute to a better understanding of the decision-making process 

of pedestrians when interacting with AVs. 

2 Methodology 

To achieve the research aim on pedestrians’ attitudes towards AVs, semi-structured 

interviews were conducted in Germany between May and July 2020.  

2.1 Participants 

Twenty-four participants (50% female) aged between 18 and 81 years (mean ± SD = 

44.9 ± 18.3 years) were recruited through the defined criteria of gender and age. Chil-

dren and adolescents under the age of 18 years were excluded from participation in this 

study because they represent a unique group of road users with a variety of different 

behaviours that distinguishes them from adult pedestrians [15]. The interviewees were 

not compensated and no requirements regarding their previous knowledge of AVs were 

set for their participation in the study.  

Two of 24 participants did not hold a driving license, while 18 participants owned a 

car. On average, the participants indicated using 1.7 main travel modes for work trips 

and 2.5 main travel modes for leisure trips. For leisure trips, walking (as a pedestrian) 

was more often indicated as a primary travel mode than the other modes. Participation 

in road traffic as a pedestrian (i.e. walking at least 500 m on foot in public road traffic) 

ranged from 1-2 days per week up to daily walking activities (Table 1). 
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Table 1. Sociodemographic data of the study participants. 

ID Gender Age Driving 

license 

Main travel  

mode(s) - work 

Main travel  

mode(s) - leisure 

Walking 

(days/week) 

1 Female 58 Yes Bike Car, Bike, Walking Daily 

2 Male 29 Yes Bike, Walking PT, Bike Daily 

3 Female 31 Yes Car, PT Bike, Walking 5-6 

4 Male 60 Yes Bike, PT, Walking Bike, Car, Walking Daily 

5 Female 22 Yes PT, Walking 
Bike, Car, PT, Walk-

ing 
3-4 

6 Male  25 No PT, Walking Bike, PT, Walking Daily 

7 Male 57 Yes Car Walking 3-4 

8 Male  40 Yes Car, Walking Car, PT, Walking Daily 

9 Female 56 Yes Car Walking 5-6 

10 Female 19 Yes Car, PT 
Bike, Car, PT, Walk-

ing 
1-2 

11 Male 41 Yes Car Car, PT, Walking 1-2 

12 Male  52 Yes Car Bike, Car, TW 1-2 

13 Male  71 Yes Walking Bike, Car 5-6 

14 Male  81 Yes 
Bike, Car, PT, Wal-

ing 

Bike, Car, PT, Walk-

ing 
5-6 

15 Female 36 Yes Car 
Bike, Car, PT, Walk-

ing 
1-2 

16 Female 47 Yes Bike, PT Bike, Car, Walking 5-6 

17 Male 30 Yes Bike Bike Daily 

18 Female 36 Yes Bike Bike, Car 3-4 

19 Female 71 Yes Bike Bike 5-6 

20 Female 72 Yes Bike Bike Daily 

21 Female 27 Yes Car, Walking Bike, Car, Walking 3-4 

22 Male 18 No PT PT 3-4 

23 Female 50 Yes Car, PT Car, PT, Walking 1-2 

24 Male 49 Yes Bike, PT, Walking Bike, Walking 3-4 

Note. PT = powered two-wheeler 

2.2 Data collection 

The semi-structured interview guideline contained three parts, starting with an intro-

duction in which participants were greeted, their consent on participation obtained and 

a short briefing regarding the procedure of the interview was given.  

The main part of the interview consisted of an opening question in which participants 

were asked to describe a road traffic situation in which they had interacted with a car 
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in the past. The purpose of this question was to set up the topic and get the participants 

into talking. In the following the participants were asked (1) to express their attitudes 

towards AVs from the viewpoint of a pedestrian and (2) to describe their intended be-

haviour and decision factors when interacting with an AV in a predefined scenario 

(street-crossing under time pressure; AV has the right of way). As an intended stimulus 

the participants looked at a picture, which included various road users and an AV with 

no driver present (SAE Level 5) in an urban traffic scene. This stimulus was given after 

the opening question. In the third and final part of the interview, the participants were 

debriefed.  

The main part of the interview lasted between 18 and 27 minutes (24 minutes on 

average). The interviews were held by means of remote communication. The visual 

stimulus (picture) was presented by sharing the interviewer’s desktop screen or was 

sent beforehand to the participants by email, which was opened when prompted. 

2.3 Data analysis 

The interviews were recorded, transcribed and analysed using Qualitative Content 

Analysis [16]. The software MAXQDA 2020 was used to code the qualitative data. 

General attitudes of participants were classified using the categories of rejector, con-

servative, pragmatist and enthusiast introduced by Hilgarter and Granig [17] (see Table 

2 for definitions). Safety, interaction and compatibility were taken as main categories 

influencing behavioural intentions of pedestrians to cross the road in front of AVs [7].  

3 Findings 

3.1 General attitude towards AVs 

The classification of participants regarding their general attitude towards AVs is pre-

sented in Table 2. Each category had numerous quotes of which a limited number was 

selected to maintain the clarity of the study. The category mentioned by 1-6 participants 

was represented by two quotes, the category mentioned by 7-12 participants by three 

quotes and the one mentioned by more than 12 participants by four quotes.   

Table 2. General attitudes towards AVs: definitions (according to [17]) and findings. 

Category [17] Definition [17] Participants’ IDs 

Enthusiast 
Very open-minded about AVs and appreciate the new 

technology. 
6, 12 

Pragmatist 
Mostly open-minded and positive about AVs and 

mostly speak positively about them. 

2, 3, 4, 8, 9, 11, 

17, 20, 21, 22, 23  

Conservative 
Sceptical and negative about the AVs but do not to-

tally reject the new technology. 

1, 5, 7, 10, 15, 16, 

18, 19, 24 

Rejector 
Totally reject AVs or only have negative associations 

about the new technology. 
13, 14 
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The majority of participants (11 participants or 45.8% of the sample) held a pragmatic 

attitude towards AVs. They expressed benefits of the introduction of AVs regarding 

general road safety, traffic efficiency and the potential to eliminate dangerous behav-

iour of human road users (e.g. speeding). 

 ‘If it is an automated car, it has somehow detected the dangerous situation before-

hand.’ [ID 8, male, 40 years] 

‘The traffic might also flow a little faster in general and we would get from A to B 

more quickly as a result.’ [ID 11, male, 41 years] 

‘Maybe we would get the reckless speeders off the road and people would really 

learn to look at a vehicle as a mere means of transport and not as a showcase object.’ 

[ID 20, female, 72 years] 

 

Nine participants (37.5% of the interviewees) were sceptical towards AVs and ex-

pressed distrust as well as discomfort. Conservatives highlighted missing interaction 

experience with AVs as a reason for their attitude. 

‘I think there will certainly be a certain scepticism at first, as long as one has not yet 

had any or not yet many experiences with such cars.’ [ID 24, male, 49 years] 

‘I would not trust AVs until I have seen it a few times.’ [ID 18, female, 36 years] 

‘It definitely triggers curiosity in me but it's also unsettling for me in this situation.’ 

[ID 19, female, 71 years] 

 

Rejectors (2 participants or 8.3% of the sample) were negative towards AVs and 

refused to accept AVs without a human supervisor. They emphasized the complexity 

of road traffic, missing transparency of AVs and technical errors as the main cause for 

their rejection of AVs. 

‘When they are in traffic (...) there are situations that cannot be programmed in any 

way.’ [ID 13, male, 71 years] 

‘I am extremely sceptical about the technology. Which of course also has to do with 

the fact that I can't see through the technology and that I have to rely here on things 

that cannot be directly influenced.’ [ID 14, male, 81 years] 

 

In contrast, two participants (8.3% of the interviewees) were enthusiastic about AVs, 

expressed trust in AVs and benefits for general road safety. 

‘The likelihood of an accident would be much higher if a human was driving the car 

and the responsiveness slower than that of the technology.’ [ID 6, male, 25 years] 

‘If the system works the way it is supposed to work, I would rather it be an automated 

vehicle if I were the pedestrian.’ [ID 12, male, 52 years] 

3.2 Attitudes regarding safety, compatibility of AVs and interaction with AVs 

After classifying participants in accordance to their general attitude towards AVs, fur-

ther analysis concerning safety and compatibility of AVs as well as interaction with 

AVs was conducted. The data analysis resulted in the identification of 132 quotes in 

total. 83 quotes were assigned to the successful control and operation of AVs (i.e., 
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safety), 25 quotes to the ability to successfully implement AVs within the existing traf-

fic system (i.e., compatibility) and 24 quotes to the confidence to cross the road in front 

of AVs (i.e., interaction). Each category was then analysed for sub-categories. In the 

following, sub-categories mentioned by 1-6 participants are represented by one quote, 

sub-categories mentioned by 7-12 participants by two quotes and sub-categories men-

tioned by more than 12 participants by three quotes.   

 

Attitudes regarding safety of AVs. Regarding the successful control and operation of 

AVs (i.e. safety), four sub-categories emerged. The most quotes (57 quotes of 24 par-

ticipants) were assigned to the perception and anticipation of human behaviour in the 

environment of AVs. To feel safe around AVs, participants expected the technology to 

perceive its whole environment, analyse and understand behaviour of other traffic par-

ticipants as well as anticipate critical situations.     

‘I assume that an AV has an overview of its environment and the events taking place 

in it.’ [ID 4, male, 60 years, pragmatist] 

‘It should be able to analyse the movement of people in such a way that it can rec-

ognise whether someone is about to enter the street.’ [ID 11, male, 41 years, pragmatist] 

‘It should somehow recognise dangerous situations beforehand, reduce speed and 

or could even take avoiding actions.’ [ID 8, male, 40 years, pragmatist] 

 

The second sub-category influencing attitudes towards safety of AVs was described 

by a defensive and considerate driving behaviour of AVs (22 quotes of 14 participants). 

Participants expected AVs to give way in critical situations and be more considerate in 

choosing their speed than human drivers.  

‘An AV should act defensively and calmly.’ [ID 24, male, 49 years, conservative] 

‘The car should always comply with the pedestrian and give way in conflict situa-

tions.’ [ID 6, male, 25 years, enthusiast] 

‘In potential conflict situations, the AV should drive slower than a driver would nor-

mally do.’ [ID 18, female, 36 years, conservative] 

 

Two Participants (two quotes) expected the AV to operate emotionless in traffic, e.g. 

‘without any emotion in its driving behaviour’ [ID 24, male, 49 years, conservative]. 

Further, two participants (two quotes) perceived an influence of weather conditions on 

the successful control of AVs, e.g. ‘The AV could do (...) even better when it is not 

snowing, raining, icy or foggy’ [ID 1, female, 58 years, conservative]. 

 

Attitudes regarding compatibility of AVs. Three sub-categories were assigned to the 

successful implementation of AVs in the existing traffic environment. Thirteen Partic-

ipants (16 quotes) mentioned AVs should comply with the rules and laws in traffic 

and/or referred to situations of importance. 

‘First of all, they should behave as prescribed by the law.’ [ID 2, male, 29 years, 

pragmatist] 

‘They should adapt to the traffic situation and the traffic regulations therein.’ [ID 

12, male, 52 years, enthusiast] 
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 ‘At bus stops, for example, the speed must be reduced because pedestrians could 

cross the road.’ [ID 3, female, 31 years, pragmatist] 

 

The ability to integrate (and not disturb) the traffic flow was pointed out by five 

participants in seven quotes, e.g. ‘blend into traffic flow’ [ID 19, female, 71 years, con-

servative]. Two participants described the ability to be up-to-date as a perquisite for the 

compatibility of AVs, e.g. ‘AVs should be kept up to date so that destinations can be 

found even if the cityscape changes’ [ID 17, male, 30 years, pragmatist]. 

 

Attitudes regarding interaction with AVs. Attitudes regarding the confidence to 

cross the road in front of AVs (i.e., interaction) were assigned in 24 quotes, which re-

sulted in two sub-categories. Therein, 15 quotes of 13 participants contained the need 

for active confirmations of AVs in the street-crossing process of pedestrians. Without 

a driver present, participants stressed the movement behaviour of AVs as confirmation 

for their behaviour. 

‘When I cross the road, I always look to see if the approaching cars are somehow 

registering it.’ [ID 23, female, 50 years, pragmatist] 

‘Brake ahead of time so that you can cross the road more safely as a pedestrian.’ 

[ID 22, male, 18 years, pragmatist] 

‘If there is no one in the car I can get confirmation that I can walk now I would be 

more hesitant and wait until the vehicle is stopped.’ [ID 21, female, 27 years, pragma-

tist] 

 

Regarding their confidence to cross the road in front of AVs, five participants (9 

quotes) referred to missing communication channels and abilities of AVs. Within this 

sub-category, participants were concerned about not being able to communicate with 

AVs and not receiving signals to support their crossing decision. 

‘Because I can't really communicate with it. It will be able to take some information 

from me, but I make a decision based on the information I receive. And I don't get any 

information from it.’ [ID 15, female, 36 years, conservative] 

4 Discussion 

Pedestrians’ attitudes towards AVs are important for technology acceptance and are a 

decisive factor in understanding the decision-making process of pedestrians when in-

teracting with AVs. This study investigates general attitudes towards AVs from the 

viewpoint of 24 pedestrians and generates knowledge about aspects of safety and com-

patibility of AVs as well as interaction with AVs.  

The findings show that pedestrians’ general attitudes can be classified using the ap-

proach of enthusiast, pragmatist, conservative and rejector which has been applied by 

Hilgarter and Granig [17]. During the period of our study, pedestrians were equally 

open-minded and sceptical towards AVs. In comparison, Hilgarter and Granig [17] 

found a predominantly positive attitude towards AVs of passengers after riding an au-

tonomous shuttle. One explanation for this difference could be the higher risk exposure 
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of pedestrians in traffic, which leads to cautious attitudes towards AVs. The type of 

road user, i.e. interacting pedestrian or passenger of AVs, should be distinguished when 

taking attitudes towards AV into account. Assumingly, a person could have different 

attitudes towards AVs in dependence of their current road user type. Further research 

could look into interdependencies of intrapersonal attitudes of pedestrians towards AVs 

and resulting consequences in intention and behaviour.  

Our results reveal that attitudes of safety are a major factor underlying pedestrians’ 

general attitudes towards AVs. Traffic safety attitudes can be dependent on experiences 

[18] and the context of the situation [19]. While concerns of safety can change with 

increasing experience, attitudes may also not be stable over time. Depending on expe-

riences made in different traffic situations, attitudes may adapt dynamically. Therefore, 

we assume the classification regarding types of general attitudes not to be stable over 

time. More knowledge should be generated to discover types of experiences and the 

underlying situations that lead to more accepting or more rejecting attitudes. Thereby, 

other approaches to classify pedestrians’ attitudes [20] should be explored, taking be-

havioural characteristics of pedestrians into account, e.g. used travel modes. 

So far, there is only limited knowledge of pedestrians’ attitudes towards AVs. In 

order to explore new or unknown phenomena qualitative studies are of high value. In-

terview participants may not have a clear conceptual understanding of AVs, especially 

regarding their different automation levels as proposed by SAE [1, 5]. To control con-

ceptual misunderstandings of AVs, we used a visual stimulus of an AV that functioned 

as an anchor in the interviews. In this study, a car with full automation (SAE Level 5) 

was used. While this stimulated the discussion about the new technology, it can be 

assumed that AVs being introduced to road traffic in the next years will be under human 

supervision.  

Some participants in our study held concerns regarding the communication capabil-

ity of AVs. The difference in automation level assumingly affects the perceived inter-

action and communication capability of AVs. Meanwhile, research and industry are 

working on different communication concepts for AVs, resulting in a jungle of external 

human-machine interfaces [21]. It will be important to provide information about AVs 

communication capabilities to adjust attitudes of pedestrians accordingly.  

For the successful implementation of AVs in road traffic, pedestrians’ attitudes to-

wards safety, interaction and compatibility of AVs in a mixed traffic environment are 

important factors to consider by designers, planners and regulators. The potential of 

attitudinal and behavioural changes of pedestrians is not yet fully discovered. 
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