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ABSTRACT 

While driving automated, the driver becomes a passenger and the relief from the driving task 

allows the occupants to use and enjoy their travel time for secondary activities. The 

subjective driving experience, perception of safety and the resulting trust are essential for the 

acceptance of automation. Within this contribution we provide an overview of factors 

influencing the need for safety based on both a broad literature review and an online survey. 

A self-reflective questionnaire was created to determine the participants’ personal 

willingness to take risks and their perception of safety in vehicles. The focus was on the 

factors "environmental factors" and "protective effect". The participants were largely able to 

answer the questions targeting subjective safety. In particular, questions regarding 

"environmental factors" could be answered precisely in the online format. The 

differentiability into various aspects of the “protective effect” was not conclusively possible 

in the online format. 
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SIGNIFICANCE AND OBJECTIVE 

Automated driving is one of the major enabler of future mobility. This progress not only 

results in changes to driving functions and components in cars, but also promises people 

more individuality and safety. In many cases, the driver becomes a passenger in the vision 

of highly automated and autonomous driving. Therein, the human is relinquishing more and 

more control to the vehicle. The driving experience, the perception of safety, the resulting 

trust and the technology acceptance will play a more important role than before. On the one 

hand, initial progress has been made in the field of automation in recent years, for example 

through pilot projects with driverless shuttles in public spaces. On the other hand, however, 

the first fatal accidents with automated vehicles have been reported. Customers will pay more 

attention to how much responsibility for their personal safety they want to release to the 

vehicle. So far, it is unclear what interventions will be taken to improve confidence in 

automated vehicles.  

Since automated vehicles with a high SAE level have not yet progressed beyond prototype 

status or beta use, visions of future vehicle interiors are very creative and explorative. It is 

still unclear whether people will feel comfortable and safe in the various driving scenarios 

and which measures are best suited to improve trust in the automated system. What is certain 

is that added value through a positive user experience (UX) will be decisive for the success 

of automated driving (AD). This means that developers will be confronted with new or 

changed user requirements and will increase the technological complexity of the products. 

Therefore, a holistic optimisation of the UX (DIN EN ISO 9241-210:2019, 2019) is strived 

for in product development. The improvement of the user experience takes place through the 

iterative development and testing of use case-based components and possible actions. The 

recording of subjective needs and impressions is indispensable and thus connects the user 

experience directly with the basic needs of people and their feeling of comfort. 

This paper focuses on the basic need for safety, in particular passengers’ subjectively 

perceived safety in automated vehicles. In this context, the related terms system trust and 

subjective traffic safety are also discussed. It will be examined in detail which factors have 

an influence on the need for safety in the vehicle and which influencing factors have already 

been used in studies. Finally, the results of a current survey on the perception of safety in 

vehicles are presented. 
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THEORY OF PERCEIVED SAFETY 

The starting point for developing the survey is an extensive literature research and the 

extraction of factors influencing the perception of safety. As a basis, safety is discussed in 

the psychological theory of needs.  

Maslow (1943) groups the basic human needs in a layer model: The basis is formed by the 

fundamental, physiological needs, on which the need for safety is built. The next and highest 

level consists of emotional needs for love, recognition, esteem, self-confidence and self-

actualisation. Once the basic needs of one layer are fulfilled, the human being develops the 

needs of the next layer and strives to satisfy them. 

Krist (1994) transfers this theory of physiological and emotional needs to the understanding 

of comfort in the vehicle interior. First, she translates the basic needs as hierarchically 

structured categories: environmental comfort, postural and operational comfort, and 

ambience and luxury. She also combines these with the comfort pyramid according to Bubb 

(2003) and Zhang et al.’s (1996) comfort-discomfort model. In the comfort pyramid, 

analogous to Maslow's layer model, all needs of one layer must be fulfilled for the user to 

become aware of the next higher one’s relevance to comfort. If, at the same time, no 

discomfort is generated by all factors, the aesthetic aspects of the top level are able to 

generate comfort. In the context of fundamental studies on the spatial effect, this 

consideration of comfort has been extended to include the needs affected by the vehicle 

interior (Mandel, 2019). Mandel (2019) proposes to include the basic need for safety from 

Maslow's model in the comfort consideration. On the one hand, he assigns the need for 

control to postural and operating comfort, i.e. the driver is able to fully grasp the environment 

and control the movements of the vehicle. On the other hand, he includes the expected 

protection (protective effect) based on visually perceived vehicle components as an extension 

of aesthetics. He justifies this with the actual protection of the vehicle, e.g. through passive 

safety components, not being perceivable by the occupant.  

More recent sources relate the basic needs more specifically to the UX optimisation of 

technical products. Hassenzahl et al. (2010), for example, considers user needs in the context 

of interactive products, especially human-computer interaction. Averting from driver-

centeredness through the automation of the driving function and the resulting freedom for 

the occupants transforms the automobile into a much more interactive product than before. 

In the contribution by Hassenzahl et al. (2010), need fulfilment is established as a main 

source of positive (emotional) technology experiences (= positive user experience). In this 

way, the connections between needs, affect and product perception are established. He refers 

to a list of the ten most important psychological needs according to Sheldon et al. (2001). 

Here, perceived safety and control represent essential human needs during the interaction 

with technical products.  
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Amini et al. (2013) assume an approach based on the sense of coherence according to 

Antonovsky (1996): 1. understanding of one's own person and environment; 2. feeling of 

significance or meaningfulness; 3. manageability and coping ability. The sense of coherence 

was originally conceived as an assessment criterion for the development and maintenance of 

health and is adapted to perceived safety in the vehicle interior. Accordingly, it describes the 

individual ability to adapt to changing circumstances and to feel safe despite existing stress 

factors (Amini et al., 2013). The transfer is composed of the three impact dimensions: 1. 

comprehensibility of controls and components in the interior; 2. meaningfulness of functions 

in the interior; 3. feeling of control in the situation (Amini et al., 2013).  

As can be seen from the previous sources, the fulfilment of subjective needs through product 

perception is an essential part of the UX. The various contributions further confirm the need 

for safety as a basic need and also show first aspects of interest regarding the evaluation of 

the perception of safety in the vehicle context.  

However, the literature also shows that UX approaches include the entire system of product-

human interaction including surrounding aspects. Figure 1 makes it clear that the UX 

encompasses all aspects of driving, starting with the infrastructure, the vehicle, the user, and 

the user's perception. Accordingly, these levels can also be projected onto the safety view. 

Perceived safety can be seen as a sub-aspect of the UX. For this reason, perceived safety 

must be given special consideration and should be optimized in future vehicle developments. 

 

Figure 1: The aspect of safety in relation to driving a car 

 

In the course of the literature research on the perception of safety, two central terms could 

be identified in the context of the vehicle interior and automated driving, which will be 

defined in more detail here:  

System trust/Trust in automation: According to Körber (2019), system trust is the 

willingness of a user to surrender to the actions of an automated system based on his or her 

expectation that the system will perform a certain important action, regardless of the 
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possibility of monitoring or intervening in the system. System trust is thus a latent construct 

between the trustworthiness of the system and the willingness/intention to trust the system. 

The trustworthiness can be specified via the reliability/competence, comprehensibility/ 

predictability and the intention of the developers. The willingness to trust depends mainly on 

personal experience, individual risk tolerance and environmental or cognitive constraints. In 

addition, the user's familiarity with the system evolves as another dimension following the 

subjective perception of the system properties. Thus, new expectations can change the 

evaluation of system trust. The concept of system trust is often used in vehicle development 

to optimise the human-vehicle interface and aims at improving its trustworthiness. 

Subjective and objective traffic safety: Following Schnieder and Schnieder (2013), as well 

as Sörensen and Mosslemi (2009), traffic safety refers to the degree of perceived safety when 

moving objects are transported from A to B, taking into account infrastructure and traffic 

organisation. It can be divided into objective and subjective traffic safety. Objective traffic 

safety refers to the scientifically and statistically verifiable safety, e.g. from accident data or 

the actual number of injuries in road traffic. Subjective traffic safety, which is crucial in this 

paper, can be described as a mental comparison between perceived and personally acceptable 

risk. The perception of safety differs depending on whether vehicle occupants actively or 

passively intervene in traffic events. Visual, acoustic and haptic perception are dominant for 

traffic safety. 

In order to enable the transfer to interior development, the literature research was specified. 

Influencing factors that have already been used to evaluate the user experience and safety 

were examined. It became clear that so far only a few studies have investigated the perception 

of safety and that the considerations are based on different influencing factors. Table 1 shows 

a holistic overview of known factors influencing the perception of safety. All factors could 

be clearly assigned to superordinate categories. It is not known how the factors can or must 

be weighted in relation to each other. According to Heiderich et al. (2018), it can be assumed 

that the prioritisation of the factors will differ in the context of automated driving compared 

to conventional passenger cars. Column 1 shows the categories and individual influencing 

factors, followed by the references with the allocation of the mentions. Finally, an item load 

was compiled for the terms trust in automation (system trust) and subjective traffic safety. 

Table 1 shows a large overlap of the influencing factors for both terms. This leads to the 

conclusion that the terms are primarily distinguished by their system reference. With regard 

to the basic design of the vehicle interior itself and optimisation of the design in terms of 

perceived safety, we will focus on the consideration of subjective traffic safety in the 

following. 

 

 

 

Applied Human Factors and Ergonomics International 

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems 
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



 

 

Table 1: Factors influencing the perception of safe 
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Control                       

HMI: communication of driving 

information to the occupants 

X X X  X X X X             X X 

Functions to assist driving task X                    X X 

Functions to improve joy of use  X    X               X X 

Complete capture of the 

environment 

X                     X 

Comfort of posture and operation                       

Seating Position/eyellipse X        X X            X 

Protective effect                       

Interior dimensions X        X  X X          X 

Visually perceptible interior 

components 

X X        X X X          X 

Tangible and visual safety features  X           X        X X 

Interior design                       

quality of interior appearance  X                    X 

Styling         X          X   X 

Safe driving experience                       

Occupant movement control 

functions 

   X                  X 

Driving style (of driver or ADS)    X X    X     X       X X 

Environmental factors                       

Climate               X      X X 

Olfactory influences               X       X 

Auditory influences               X      X X 

Brightness/Lighting               X X     X X 

Air circulation         X            X X 

Complexity of the traffic situation    X X        X     X  X X X 

Disaster potential   X             X     X X 

Individual factors                       

Voluntary assumption of risk   X             X  X   X X 

Personal dismay   X             X     X X 

Perception-altering substances   X                  X X 

Active action vs. passive 

observation 

  X                  X X 

Direct/indirect risk perception   X             X     X X 

Controllable/uncontrollable risk   X X            X     X X 

Scientific level of knowledge   X          X   X X X   X X 
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METHOD AND RESULTS 

Based on the findings from literature, an explorative online survey on the perception of safety 

was designed and conducted. The main goal was to investigate how consciously test persons 

deal with their perception of safety and which particular factors determine said perception. 

The test persons first answered questions on their personal willingness to take risks and their 

perception of safety in the vehicle in a self-reflective manner. Questions regarding the 

influencing factors followed. With the aim to improve design-technology convergence in the 

vehicle interior, we first focused on the factor "protective effect", which is linked to the basic 

geometric design of the interior. As a second aspect, we focused on the factor "environmental 

factors" in order to gain more precise insights into external triggers for a need for safety. 

These items were rated using 5-point Likert scales. Only an excerpt of the descriptive 

evaluation is presented below. 

A total of N =101 participants took part in the online survey. The characteristics of the 

respondent collective are shown in Figure 2. Overall, the test persons consider themselves to 

be rather defensive drivers who take few risks. Although the test persons can imagine feeling 

similarly safe in automated vehicles as they do in current vehicles (cf. Figure 3), more 

specific questions in the context of automation showed that due to a lack of knowledge or 

experience with automated driving functions, the assessment is currently subject to 

uncertainty.  

 

Figure 2: Characteristics of the sample collective 

 

Figure 3 shows the questions asked and the scale-based results on personal attitudes to the 

perception of safety. Safety was confirmed as an important factor for personal well-being in 

the vehicle interior. The result was underpinned by a supplementary open question on the 

personal importance of safety, which was answered e.g. with crash safety, crumple zone, 

freedom from worries or technical reliability (69 mentions). With regard to protective effect 
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(31 mentions), tangible and visual safety features (airbags, seat belts, etc.) as well as spatial 

dimensions were mentioned. With regard to environmental factors (15 mentions), noise and 

the traffic situation in particular were named. 

Before the influencing factors, the influence of the superordinate categories on the perceived 

safety was queried. Figure 4 shows the evaluation with an initial tendency. In an open control 

question, this evaluation was confirmed and the categories could also be sorted according to 

descending relevance for perceived safety: “control”, “safe driving experience” and 

“protective effect” dominate, followed by “comfort of posture and operation”. 

“Environmental factors” and “interior design” play a subordinate role.  

Subsequently, the various factors per category were queried. Due to the format of the survey, 

the individual factors listed in Table 1 were not specifically asked. The overall evaluation 

shows that "complete capture of the environment", "tangible and visual safety features", 

"driving style", "complexity of the traffic situation" and "disaster potential" are particularly 

important to the test persons. Less important are “quality of interior appearance”, “styling”, 

“visually perceptible vehicle components”, “climate” and “olfactory influences”. All further 

explanations are limited to the above-mentioned focal points of the paper. 

 

Figure 3: Extract from evaluation on personal meaning of subjective safety 
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Figure 4: Evaluation of the superordinate categories 

 

The high rating of the category “protective effect” cannot be confirmed due to the ambiguous 

evaluation of the assigned factors "interior dimensions", "visually perceptible vehicle 

components", as well as influences of different interior geometries that were also evaluated. 

The figure shows that “Tangible and visual safety features” are very strongly emphasised 

here. This is also confirmed by the open questions. Asked more specifically about the safety-

relevant components of the interior, the respondents specified their answers (49 mentions): 

safety-relevant icons, hazard warning lights, horn and SOS button. However, the design of 

the components in the immediate vicinity of the driver's seat (instrument panel, doors) also 

heavily contributes to the perception of safety. From studies on the spatial effect (Hiamtoe 

et al., 2012; Mandel, 2019) we know that the geometry of the interior in particular influences 

various aspects of personal perception. We suspect that the online format limits the 

assessment of these factors. 

Overall, the factors influencing the environment were rated much more precisely. As can be 

seen in Error! Reference source not found., traffic situations and accident potential in 

particular received high ratings in terms of their influence on the perception of safety.  

 

Figure 5: Evaluation of the factors influencing the perception of safety 
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Further questions on infrastructure, weather conditions and certain traffic situations showed 

clear tendencies as to which environmental influences can trigger a need for safety. Air 

conditioning and olfactory influences seem to have only a low influence on safety perception. 

CONCLUSION 

Despite the abstractness of the term perception of safety, the participants were largely able 

to answer the aspects of subjective safety well through targeted questions. However, it must 

be assumed that the assessments of the perception of safety in automated vehicles show 

uncertainties due to the format-related fictitious immersion. In particular, the questions on 

the focus "environmental factors" could be answered precisely in the online format. In the 

first part of the survey, the influencing factor "protective effect" still received high ratings in 

terms of importance for subjective safety. However, the factors assigned to the “protective 

effect” could not confirm this. The differentiability of the various factors influencing the 

“protective effect” was not conclusive in the online format, which is why we recommend 

and plan a comparative study in the driving simulator as the next step. 
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