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Abstract 

 

Abstract 

The aim of this master thesis is to develop and evaluate a private digital companion 

for the specific needs of women to increase the women's individual sense of safety 

in shared automated vehicles (SAVs). To do this, the essential aspects of SAVs, 

perceived safety and digital assistants will be explained, and women’s needs will be 

highlighted in the context of shared mobility. To gain an even better understanding 

of women's concerns and needs regarding SAVs and to learn what women under-

stand as a feeling of safety, a workshop (N = 5) that was held will be described. Fur-

ther will be explored how women envision personal digital companionship in the 

context of a ride in SAVs. The three prototypes of a private digital companion that 

were developed on basis of the workshop will be introduced and the user study (N = 

13) in which these companions were testes will be described. The user study aims 

to explore the usability and acceptability of digital companions, the level of trust 

placed in them, and the impact they have on women's overall anxiety. In addition, 

the emotional response to digital companions will be assessed to avoid a sense of 

uncanniness that can occur with artificial beings.  
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1. Introduction 

Autonomous vehicles are the subject of active research in the automotive industry. 

There is no question that they will one day be a familiar sight on our roads [1].  

There are many theories as to which models of self-driving automobiles will prevail in 

the future. Many of these theories involve some type of shared automated vehicles [2].  

Women make up 50% of the world's population [3], and they continue to raise our chil-

dren, significantly influencing the behaviour patterns of the next generation. Yet women 

users are completely neglected [4]. For example, while women have the same right as 

men to access transportation - and are more likely to use public transportation than men 

- transportation is rarely designed with women and their needs in mind [5].  

Many women are exposed to sexual or aggressive behaviour from other passengers 

while using shared transportation, such as buses, trains, cabs, or Uber. Although this 

significantly affects women's sense of safety and has a negative impact on women's 

use patterns of shared transportation, women as a user group and their needs are se-

verely neglected in this regard [6].  

In the future, when automated vehicles dominate the roads, this issue will continue to 

exist as community-used automated vehicles will outweigh private automated vehicles. 

Women's insecurity could increase because of the lack of a driver in automated vehi-

cles. In many countries, the driver is considered a supervisory and respectful figure and 

thus conveys a heightened sense of security among women [2].  

Commercial digital assistants such as Amazon Echo (Alexa) [7], Apple's Siri [8] and 

Google Home [9] are already familiar companions in our lives [10]. We tend to establish 

a human-like relationship with them. A social relationship, as opposed to a master-slave 

relationship, between humans and digital assistants is based on trust [11]. 

A trusted digital companion can also increase women's sense of safety in automated 

vehicles [2]. It can serve as functional support providing information and as emotional 

support against fears and discomfort, positively influencing the experience, and making 

the use of SAVs more attractive to women [12, 13]. 
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Giving the digital companion personality and emotion through authentic facial expres-

sions, gestures, voice, and dialogue makes it more human-like and increases the sym-

pathy, and interest towards it. Nonetheless, when creating artificial beings like a digital 

companion the uncanny valley effect must be considered. This phenomenon can trigger 

strong negative feelings up to disgust and can affect interaction, trust, and emotional 

engagement with the digital companion negatively. This can happen when a representa-

tion appears realistic but has subtle inconsistencies or deviations from reality [14–16]. 

It must be clarified how women envision a personal digital companion in the context of a 

ride in SAVs. Therefore, a workshop (see 3.Workshop) was conducted (N = 5). Based 

on the results of the workshop three prototypes of a private digital companion (see 

4.3.Companions) were created and then tested in a user study (N = 13) (see 4.User 

Study) for usability and acceptability (UEQ-S), the level of trust (CFT) placed in 

them, and the impact they have on women's overall anxiety (STAI short). In addi-

tion, the questionnaire on the uncanny valley effect was applied to assess the emo-

tional response to the digital companions and avoid negative feelings (see 

4.6.2.Methods). 

1.1. Objective and Methodology  

Based on the current state of research and the special needs of women, a private digital 

assistant will be developed, which increases the individual feeling of safety of women 

during the use of shared autonomous vehicles. 

The following questions arise in this context: 

RQ1: How should a private digital companion be designed from a woman’s per-

spective to increase the perceived safety in shared automated vehicles? 

RQ2: Do women prefer a private digital companion representing their real-life 

confidant to a companion representing a stranger? 

RQ3: How human-like should a private digital companion representing women’s 

real-life confidant be designed? 

The presented research questions will be answered by means of a workshop (see 

3.Workshop) and a user study (see 4.User Study). RQ1 will be researched based on the 

workshop, while RQ2 and RQ3 will be answered based on the subsequent user study. 
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For the user study, the following hypotheses will be verified or rejected: 

H1: Women feel more trust towards a confidant as a private digital companion. 

H2: Women feel less anxiety when accompanied by a private digital companion 

who represents a confidant. 

H3: The user experience is more positive when accompanied by a private digital 

companion who represents a confidant. 

H4: Different depictions of the confidant as a private digital companion do not 

trigger an Uncanny Valley effect. 

At the beginning, a literature review will be conducted, which will form the basis for the 

subsequent primary research (see 2.Theoretical Framework). By means of co-creation 

techniques, a workshop (see 3.Workshop) will be conducted, whose participants (N = 5) 

(see 3.1.Participants) as well as leader will be exclusively women, to ensure the most 

open communication possible. In the workshop, the basis for three prototypes (see 

4.3.Companions)  will be formed, which will be evaluated in a within-subjects user study 

(see 4.User Study). Using a mixed-methods approach, several methods such as stand-

ardized questionnaires (UEQ-S, STAI short version, Checklist for Trust, Uncanny Valley 

Questionnaire) and qualitative post-session interviews with open-ended questions will 

be used (see 4.6.2.Methods). Diversity among the participants will be considered in 

both the workshop and the user study. 

1.2. Outline 

This paper explains the key terms "Shared Automated Vehicle", "Digital Assistant", 

"Perceived Safety", and "Uncanny Valley", and builds the theoretical foundation (see 

2.Theoretical Framework) associated with these terms and needed in the further 

course.  

The target group of women is introduced and their needs and problems as well as their 

relevance as a user group are put into context and examined. 

A workshop (see 3.Workshop) conducted within the theoretical framework and a user 

study (see 4.User Study) based on both are described. This, together with the results 

(see 5.Results) obtained and their interpretation (see 6.Discussion), makes up the bulk 

of the work. It is explained how various prototypes of a private digital companion proto-

types (see 4.3.Companions) were developed, tested, and evaluated and what conclu-
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sions (see 7.Conclusion) can be drawn from them. 

In the concluding section, the content of the work is summarized, and limitations (see 

7.2.Limitations) and further research possibilities (see 7.1.Future Work) are pointed out.  
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2. Theoretical Framework 

This chapter explains the necessary basics and thus forms an important basis regarding 

the problem definition and the subsequent elaboration and evaluation. The necessary 

terminology of shared automated driving (see 2.1.Shared Automated Vehicles), digital 

assistants (see 2.4.Digital Assistants) and safety aspects (see 2.2.Perceived Safety) are 

explained and put into context with each other. In addition, women as a target group 

(see 2.3.Enablement of Women) are discussed and their needs are highlighted in the 

context of shared mobility. 

2.1. Shared Automated Vehicles 

Shared autonomous vehicles (SAVs) are an emerging and innovative concept in the au-

tomotive industry and are designed to enable efficient and sustainable mobility. SAVs 

are vehicles that drive and navigate without human intervention using automated driving 

functions such as acceleration, braking and steering. Unlike autonomous vehicles 

(AVs), SAVs are not private vehicles but publicly accessible, shared vehicles [17]. 

The use of SAVs can reduce the number of private vehicles and thus traffic density. 

This results in less congestion and a reduction in pollutant emissions [18]. 

Parking space demand also decreases with the use of SAVs, as they are constantly on 

the move and continue to their next destination immediately after dropping off or picking 

up a passenger [19]. This means that the space earmarked for parking can be used for 

other purposes, such as green spaces and housing. 

The SAV concept can be integrated into the existing public transport infrastructure by 

taking over the so-called first and last mile, the distance between the starting point and 

the station or the station and the destination [20]. This makes it easier to switch be-

tween different modes of transport and enables certain groups of people to use public 

transport or to be mobile at all [2]. In this way, people from rural areas, as well as elderly 

people, people with disabilities and people without a driver's license or their own vehi-

cle, can be independent and flexible and achieve a better quality of life. 

People who find it difficult or impossible to afford their own vehicle also benefit from us-

ing SAVs. Instead of the acquisition costs and other incidental expenses, only the costs 

for the kilometres travelled must be borne. They also remain flexible and independent, 

because an SAV can be requested anywhere and at any time, enabling stress-free and 
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smooth traveling [21]. 

SAVs have the potential to change and improve mobility in a sustainable and efficient 

way, which is why this work focuses on them, in the belief that other modes of transport 

will also benefit from the results. 

2.2. Perceived Safety 

Safety, both physical and psychological, is one of the most basic needs of every person 

and is only surpassed by the vital need for food and oxygen [22]. 

A distinction is made between objective and subjective security. Objective security deals 

with the actual security situation and factors such as crime rates, accident statistics and 

security measures. Subjective safety, on the other hand, is more complex and does not 

always coincide with objective safety, as it is based on a person's individual perception, 

risk assessment and experience and therefore varies from person to person. Age, gen-

der, education level and income can be influencing factors [23, 24]. 

Subjective safety has a strong influence on the behaviour and quality of life of every 

person. It can be strengthened by various factors, such as a sense of control, existing 

(self-)trust, access to information and social support [25].  

Trust also plays an important role, whether it is trust placed in people, security 

measures, technology, or other factors. People who trust that they are safe and protect-

ed feel a greater sense of safety and general well-being and are more willing to take 

risks [26]. 

Subjective safety can influence decision-making and lead to cautious or avoidant be-

haviour in the event of a lack of a sense of safety. Among other things, this can lead to 

restricted mobility, for example, to refrain from being out and about after dark, to keep 

away from certain places, or to avoid public transportation [2]. 

The fear of becoming a victim of violence or crime has a significant negative impact on 

the feeling of safety. This ranges from discrimination, sexism, harassment or threats to 

theft, vandalism or damage to sexual assaults, physical attacks, or injuries. Personal 

experience or knowledge of such incidents leads to a feeling of vulnerability and insecu-

rity and thus reduces the perceived safety [6, 27, 28]. 

A study resulting from a collaboration between the Technical University of Berlin, the 

German Aerospace Center and the Institute of Transportation Systems divided the fears 
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of SAV users into three categories - fear caused by other passengers, fear caused by 

insufficient transparency of the system and fear of system malfunctions. All these fears 

translate to a lack of perceived safety and pose a challenge developers must face [29]. 

 

 

Figure 1: Categories of Fears [30] 

 

The study highlighted the potential danger posed by other passengers to their own well-

being as a particularly relevant fear, and the absence of an authority figure seemed to 

play a particularly important role [30]. Considering not only objective safety but also sub-

jective safety is a necessary step in the development of autonomous public transporta-

tion and essential to achieve acceptance among the population, even without a super-

vising authority such as a bus driver [23]. 
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2.3. Enablement of Women 

People with disabilities, people of colour, immigrants, homosexual, bi-sexual and trans-

sexual people as well as many others, are referred to as marginalized groups and are 

unfortunately often not sufficiently considered in research due to their minority status 

[31]. However, women, although they make up half of the world's population [3] and are 

therefore not a minority, are also severely neglected [4].  

Although women are an important target group in their role as mothers, as they have a 

great influence on the next generation, their individual needs and problems are hardly 

addressed [5].  

Gender-related, women are a target of (sexual) violence and (sexual) harassment. They 

are afraid of being victimized and are very concerned about their safety. For example, 

women feel uncomfortable and less safe when sharing a vehicle with a stranger man or 

when traveling at night [2, 5].  

Right To Be (formerly Hollaback!) [32], an organization that works to fight harassment in 

public, in collaboration with Cornell University conducted approximately 16,600 inter-

views in 22 countries on the topic of harassment in 2015. Over 80% of the women sur-

veyed said they had been harassed in some form [5] 

Unlike men, who mostly drive private vehicles, most women use public transportation 

because they have less access to private vehicles [33].  

Furthermore, their daily structure, and thus their mobility pattern, differs from that of 

men. Women tend to drive short distances, but do so more frequently than men, who 

tend to drive long distances [34].  

Women are more environmentally conscious than men and tend to behave in a more 

environmentally friendly manner. This includes a willingness to use public transport and 

services such as ride sharing [35]. Thus, even in the future, when autonomous vehicles 

are a real alternative, women will be more willing to use SAVs to reduce exhaust emis-

sions. 
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Figure 2: Hollaback Study on Street Harassment [5] 

 

However, the risks of violent or sexual assault, as well as past experiences with various 

forms of harassment, already limit the actual use of shared transportation such as bus-

es, trains, etc., and have a significant negative impact on women's sense of safety [28].  

The lack of a driver in SAVs, who in some cultures is a person of respect and thus a go-

to person to aid in dangerous or uncomfortable situations, could even lead to a signifi-

cant increase in safety concerns and discomfort among women [2].  

For all these social and economic reasons, this paper focuses on women, with the belief 

that other user groups will also benefit from the results. 

2.4. Digital Assistants 

Our conception and understanding of digital assistants are shaped by historical, com-

mercial, cultural, and fictional influencing factors [11].  

Historically, for example, we associate the role of the servant at that time with today's 

digital assistant. Servants were subject to a clear hierarchy, so they were not seen as 
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equals. They were rarely trusted or respected and were only allowed to speak with prior 

permission. Such a master-slave relationship is all too familiar to us from current com-

mercial digital assistants [11]. Input-output systems such as Amazon Alexa [7], Apple's 

Siri [8], and Google Home [9] are portrayed as intelligent yet obedient digital assistants 

that speak only when requested and are clearly subject to us. They thus present them-

selves more as servants than as actual conversation partners [11]. 

But the fictional future created by creative minds such as the cabaret artist Marc Uwe 

Kling in his work "Qualityland" also have a non-negligible influence on our image of digi-

tal assistants. In his version of the future, for example, automated vehicles are not only 

the norm, but also possess their own personality in addition to their own name. Despite 

this human-like design, implemented routines and the passenger still retain control. For 

example, certain personality traits can be regulated or even deactivated, such as hu-

mour [36]. 

It's a different story with "K.I.T.T.", the intelligent, talking vehicle from the "Knight Rider" 

series. K.I.T.T. makes decisions independently and holds conversations and discus-

sions with its driver Michael Knight. The relationship between K.I.T.T. and Michael is 

based on friendship and trust. They meet as equals and thus embody the contrast to the 

master-slave relationship, a social relationship in which the digital assistant not only 

speaks but also understands [37]. 

Today's private digital assistants offer personalized and interactive experiences and 

support and accompany users in their private lives. They offer a variety of functions and 

features that distinguish them from traditional digital applications. Thanks to artificial in-

telligence and machine learning, they can not only provide information, answer ques-

tions, and complete tasks, but also engage in human-like conversations, provide per-

sonalized recommendations based on the user's preferences and needs, and even 

recognize and respond to emotions [12, 13]. 

Fitbit or Apple Health are private digital health assistants that help users collect and 

evaluate their personal health and fitness data. They also provide personalized recom-

mendations based on this data. They thus support their users in or on the way to a 

healthy lifestyle [38, 39]. 

Private digital pets like Tamagotchi or Nintendogs, on the other hand, are designed to 

keep users’ company and develop a relationship with them. They are an emotional sup-

port for their users [40, 41]. 
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Even during the use of SAVs, digital assistants can serve as functional and emotional 

support and positively influence the experience with this new way of getting around [2, 

12, 13]. For example, they can take over tasks that are normally attributed to the bus 

driver, such as answering questions and providing information. But there is also the po-

tential to use digital assistants to convey a sense of security and thus make the use of 

SAVs more attractive and facilitate adoption of the concept [42]. Especially for vulnera-

ble groups such as women (see 2.3.Enablement of Women), the provision of a digital 

assistant as an emotional support against fears and discomfort can be crucial to feel 

safe and thus contribute to a positive user experience [2]. 

2.5. Uncanny Valley Effect  

The Uncally Valley Effect is a phenomenon that makes people feel uneasy. It occurs 

primarily in robotics, animation, and virtual representations and refers to human-like fig-

ures that evoke an eerie or even repulsive feeling in the viewer. When a representation 

appears realistic but has subtle inconsistencies or deviations from reality, this can trig-

ger the Uncanny Valley Effect. The effect describes the viewer's increasing acceptance 

and sympathy regarding the character as it becomes more human-like, until it drops off 

quite abruptly. This valley is called Uncanny Valley and leads to an eerie feeling in the 

viewer [43]. 

 

 

Figure 3: Acceptance Curve of the Uncanny Valley Effect [43] 



Page | 18 

Katharina Vogl  Master Thesis 

Depending on the degree of similarity of the depiction to humans, figures can evoke dif-

ferent emotional reactions in the viewer. Robots or stuffed animals are clearly not hu-

man and thus do not trigger any unease or rejection towards them [15]. With increasing 

humanness, sympathy, and interest towards the characters increase. As with animated 

characters or humanoid robots, however, there should still be clear differences between 

reality and representation. Because as soon as a character reaches the critical area and 

only shows small and subtle deviations from reality, strong negative feelings up to dis-

gust can arise. The viewer perceives the figure as unnatural or uncanny. Only when the 

difference to the real human being is no longer noticeable, such a realistic representa-

tion can be accepted by the viewer without negative feelings [44]. 

Negative emotional reactions can affect interaction, trust, and emotional engagement 

and cause the viewer to distance him or herself from the character. For example, the 

human characters in the computer-animated film "Polar Express" affected the viewer's 

movie experience by creating an eerie feeling and making it difficult to become im-

mersed in the film. In video games such as "Mass Effect: Andromeda," the gaming ex-

perience can also suffer by triggering the Uncanny Valley effect, and too little identifica-

tion with the characters due to animated characters that feel creepy can lead to low 

player commitment. There is also a danger with (virtual) chatbots and assistants that 

are designed as human-like avatars [16]. 

Incorrect proportions, unnatural movements, missing or exaggerated facial expressions, 

and inconsistent lip movements are known triggers of the Uncanny Valley Effect. In con-

trast, authentic facial expressions, gestures and voice can make the character more 

tangible and sympathetic, giving the character personality and emotion that can reduce 

the uncanny feeling and lead to a more positive perception [14–16]. 

It is worth mentioning that not all people feel the same way, and a figure may already be 

considered creepy to some, while others would still classify it as acceptable or even ap-

pealing [45]. 

The strong emotional and psychological impact of the Uncanny Valley Effect must be 

considered when creating human-like representations to provide users with a pleasant 

and positive experience and ensure acceptance towards the character. 
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2.6. Conclusion 

SAVs have the potential to change and improve mobility in a sustainable and efficient 

way and to enable certain groups of people. 

Subjective safety is complex and based on a person's individual perception. It can influ-

ence our experience, our emotions, and our behaviour. A lack of a sense of safety in the 

context of SAVs can lead to a restriction of the acceptance and usage of SAVs.  

Women are a target of (sexual) harassment. The fear of becoming a victim has a signif-

icant negative impact on their sense of safety. They feel especially uncomfortable and 

less safe when sharing a vehicle with a stranger man or when traveling at night. 

Digital assistants can recognize and respond to emotions, engage in human-like con-

versations and be an emotional support. The provision of a digital assistant in SAVs can 

strengthen the subjective safety of women. But not only the knowledge of support but 

also the trust placed in the digital assistant plays an important role to convey a sense of 

safety and make SAVs an attractive option for women. 

With increasing humanness of the digital assistant, sympathy, and interest towards it 

increase. Authentic facial expressions, gestures, voice, and dialogue can make the 

character more tangible and sympathetic, giving the character personality and emotion. 

But when creating such human-like representations the Uncanny Valley Effect, which 

can trigger strong negative feelings up to disgust and can affect interaction, trust, and 

emotional engagement with the digital assistant, must be considered. 
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3. Workshop 

To gain an even better understanding of women's concerns and needs regarding SAVs 

and to learn what women understand as a feeling of safety, a workshop was held 

(N = 5). This further served to find out how women envision personal digital companion-

ship in the context of a ride in SAVs. The vision of a private digital companion was ex-

plored through focus group discussions [46] and prototyping. 

The workshop was held in German, as all participants were German native speakers, 

and took about 180 minutes. It was conducted in person and was not compensated. On-

ly drinks and cake were provided to the participants. The participants were informed of 

their rights and signed an informed consent form. 

3.1. Participants 

For the workshop, 5 women in different life situations were invited (childless, pregnant, 

mother, grandmother, single, wife, widow, working, student, retired). They were 2 young 

women (21-29 years), one middle-aged woman (30-39 years) and 2 senior women (60 

or older). Among the women, 2 were with disabilities. The women had varying levels of 

educational background, all had access to a private vehicle (ownership or shared with a 

family member) and reported at least infrequent to regular use of public transportation. 

After the warm-up exercise, participants were divided into two groups. Care was taken 

to have one young woman (21-29 years) and one senior woman (60 or older) in each 

group. It was assumed that the young women would bring their technological knowledge 

and the older women their life experience, and thus the two age groups would comple-

ment each other well. It was also assumed that the women's concerns, needs, and 

opinions would differ greatly due to the different generations and life situations, thus 

stimulating discussion. In addition, care was taken to include a woman with a disability 

in each group to incorporate the individual needs and experiences of this minority. 

3.2. Procedure and Methods 

A participatory approach [47] using co-design techniques and focus group discussions 

[46] was used for the workshop to examine women's understanding of a private digital 

companion (see C.1.Instructions and Guides Workshop). 
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After the participants arrived on site, the demographic data questionnaire (see 

A.5.Demographic Data), the consent form (see B.Declarations of Consent), and a book-

let (see G.Booklet) explaining the terms automated vehicle, digital assistants, and sense 

of safety, as well as the timeline of the workshop and space for notes, were handed out 

to each participant. The booklet could be taken home by the participants after the work-

shop. All other documents were collected again in filled-out and signed form before the 

start of the workshop. 

 

 

Figure 4: Workshop booklet with timeline 

 

As a warm-up exercise, participants were asked to discuss what they understand and 

associate with feeling safe (see 3.4.1.Warm-up Exercise). They were instructed to rec-

ord their findings on sticky notes and place them in the centre of the table. This collec-

tion was to serve as a support as the workshop progressed. The task served to get the 

participants in the mood for the topic and for talking with each other openly. In addition, 

it should enable the participants to have a positive approach with a focus on the pleas-

ant feeling of safety and make it difficult to drift towards dystopia and a defensive atti-

tude. 
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Figure 5: Clustering of sticky notes during warm-up exercise. 

 

After the warm-up exercise, participants were divided into groups and asked to create a 

concept of a personal digital companion that would give them a sense of security while 

riding in an SAV (see 3.3.1.Concept Group 1: Avatar on Smartphone; 3.3.2.Concept 

Group 2: Hologram of Confidant). The participants were given freedom on how to im-

plement the task (writing, drawing, crafting, etc.) and were provided with all the neces-

sary materials (sticky notes, glue, scissors, etc.). For inspiration, they were given the 

following questions in paper form: 

• What feeling do you want your companion to give you? 

• How do you interact and communicate? 

• What social and emotional relationship do you have? 

• What gender is your companion? (Or none?) 

• Where or how do you have your companion with you? 

The groups were asked to present their ideas of a personal digital companion to one 

another and to explain their thoughts about it. The participants were also encouraged to 

ask questions about the concepts and discuss them. 
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The groups were then given the choice of working on their own concepts or on a new 

concept. Both groups decided to refine their respective concepts. 

Again, the groups were asked to present their refined ideas and discuss their final con-

cepts. 

3.3. Data Collection and Analysis 

The workshop was not video, or audio recorded. Instead, notes were taken especially 

during the focus discussions (see D.3.Instructors Notes). 

The workshop produced two concepts of a private digital companion and a collection of 

Sticky Notes on the theme of "Feeling Safe". 

To analyse the acquired qualitative data, an affinity approach was used by writing the 

important data from the two concepts and the instructor's notes on sticky notes and us-

ing inductive coding, refining the themes and codes in an iterative way. The same ap-

proach was used for the warm-up exercise data [46]. 

During conception, both groups did not attach any importance to the gender of the digi-

tal companion as they did not think it to be important. 

Wearables were rejected by both groups. Group 2 found them too restrictive, and group 

1 considered an additional device to the smartphone unnecessary and impractical. 

In addition, they agreed that in physically threatening situations, only a human can help. 

3.3.1. Concept Group 1: Avatar on Smartphone 

At the core of this concept was the distraction from the unpleasant situation one finds 

oneself in with the help of the private digital companion (see D.1.Participants Notes 1). 

The group classified the potential situations in which one does not feel safe and uncom-

fortable into three levels: queasy, unpleasant, and threatening. They agreed that digital 

companionship could not help in physically threatening situations and would even go so 

far as to switch it off. Only a human being would be able to help here, and a digital 

companion would only distract the user unnecessarily. 

In queasy and unpleasant situations, on the other hand, this distraction would be desir-

able. It should be realized through conversations with the digital companion, the possi-

bility of being told jokes, being able to compete against the digital companion in games, 

the possibility of listening to music and much more. The wide range of offers should dis-
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tract from the situation and one's own insecurities. 

Furthermore, the group focused on flexible communication with the digital companion. It 

should be possible to communicate via headphones and speech as well as in writing to 

adapt to individual needs in different situations. 

In general, individuality and flexibility played a big role for this group because part of the 

concept is the free creation and design of several different avatars to be able to select 

or change them depending on the situation and mood of the day. 

The selected avatar was to be shown on a display. The group decided on the 

smartphone as this is a constant companion for most people and thus no additional de-

vice would be needed. 

The digital companion itself was intended to be natural, calm, humorous, and good-

humoured, and to evoke a sense of calm and community. Much emphasis was placed 

by the group on a beautiful speech melody, which they described as calm and clearly 

understandable, as well as infused with emotion. 

In addition, the digital companion should act proactively, but not independently, asking 

how the person is feeling, offering possible actions, and asking if they should intervene 

in the situation. 

3.3.2. Concept Group 2: Hologram of Confidant 

The key to this concept is the close relationship a woman would have with her private 

digital companion. The companion should represent a trusted person and accordingly 

be emotionally close to the user (see D.2.Participants Notes 2). 

It would sit in real size either next to you or, optimally, at the wheel to simulate the driv-

er. Since the digital companion would represent a real, familiar person, it should be as 

lifelike as possible and communicate like a real person via speech, gestures, and facial 

expressions. 

Although it would only be a projection, the digital companion should provide a sense of 

security and trust as well as control. This control was to be realized by linking the digital 

companion with the SAV. Thus, with the help of the companion, it would be possible to 

stop the vehicle and thus ensure the possibility to get out of the vehicle at any time. It 

would also be possible to control and adjust operational elements such as the speed 

and temperature of the vehicle. Furthermore, the feeling of control should be strength-
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ened by providing information such as traffic situation and arrival time. 

The digital companion should be reassuring and de-escalating, reacting according to 

the situation and learning from experience. It should also provide the possibility of con-

tacting real people for situations in which the digital companion cannot provide support. 

It is worth mentioning the scepticism of the other group regarding the display of a known 

person. They expressed the fear that the break between the real person and the person 

portrayed could make them feel uncertain. The developers of this concept, on the other 

hand, argued that people would subconsciously deceive themselves to gain a sense of 

safety. 

3.4. Results 

In the following, the summarized results of the qualitative content analysis will be pre-

sented. 

3.4.1. Warm-up Exercise 

The collection of sticky notes on the theme of "Feeling Safe" that emerged during the 

workshops warm-up exercise could be organized into the 5 themes of "Control", "Envi-

ronment", "Physical Safety", "Restraint/Backing/Help" and "Feelings Associated with 

Safety". These clusters can in turn be grouped under the aspect of "Trust". 

 

Figure 6: Cluster on the topic of "feeling safe" of the workshop warm-up exercise. 
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Information, as well as what is known and familiar, gives a sense of control and results 

in the trust that difficult situations can be mastered. 

Physical safety is objective, but whether we trust that no physical harm can come to us 

is subjective. Thus, trust in physical integrity can also increase the feeling of safety, 

even if it is not given. 

Social support can be given in various ways. Whether through family, a pet, a contact 

person, or society in general, a sense of safety can only be established if there is also 

trust that support will be given, and help will be provided. 

Both safety and trust trigger a feeling of relaxation and are characterized by the ab-

sence of fear. 

A positive environment (bright, friendly) makes us trust ourselves and others more easi-

ly, while a negative environment (dark, uninviting) makes us distrustful and insecure. An 

example of this is the change in perception between a daytime drive and one at night. 

3.4.2. Concepts 

The collection of sticky notes derived from the two concepts (see 3.3.1.Concept Group 

1: Avatar on Smartphone; 3.3.2.Concept Group 2: Hologram of Confidant) during the 

conception phase of the workshop could be organized into the 5 themes of "Control", 

"Private/Personal", "Trust", "Humanization" and "Threatening Situations”.  

Humanization in this context means that the companion should be as natural and hu-

man-like as possible. This includes, for example, communication through speech, which 

is a natural and human way of communicating. Not to be disregarded are the emotions 

that should be transmitted through the voice and the speech melody. But gestures and 

facial expressions should also contribute to communication, just as they do with hu-

mans. 

Another human trait is the ability to learn, which is expected of the digital companion. 

The companion should learn through experience and be able to reflect on and evaluate 

past situations and reactions. 

The distraction of insecurities by offering a variety of entertainment, such as playing a 

game together, or a simple conversation, also represents perfectly human behaviour 

and thus falls into this category. 

At this point, it should be noted that the representation of the companion via a projection 
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is also a very realistic representation to emphasize human aspects. Although this as-

pect was classified in the "trust" cluster because of the reference to the trusted person, 

the link to "humanization" is also clearly recognizable. 

The trust category is very similar to the results of the warm-up exercise and includes 

physical safety and support or assistance. But also, the relationship between human 

and companion should take place on a personal level and include emotional aspects. 

Particularly noteworthy is the desire of some participants for the companion to be a con-

fidant. 

In addition, the companion should be private and personal in order to establish a rela-

tionship as close as possible and to accompany the user permanently. Communication 

should also take place privately and exclusively with the user, without involving other 

passengers. 

In contrast to this aspect is the need for flexibility. Thus, it should be possible to turn the 

companion on loudly for all as an option and thus make it accessible to all passengers. 

Communication should also be as flexible as possible, both by voice and in writing. 

It should also be possible to flexibly select and change the companion from a selection 

according to the mood of the day. At first glance, this seems to contradict the desire for 

a personal relationship, but a comparison can also be made between a selection of 

companions and a circle of friends. In this way, the user figuratively selects a friend to 

accompany him on his journey. 

This possibility to choose individual companions and to design or customize their ap-

pearance and reactions also influences the aspect of individuality and evokes a feeling 

of control. The possibility of accessing information via the companion and giving com-

mands to the vehicle increases the feeling of control. This makes it possible, for exam-

ple, to obtain information about the current traffic situation or to get out of the vehicle at 

any time. This means that a contact person is available for every situation. 

In addition, they agreed that in physically threatening situations, only a human can help. 
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3.5. Conclusion 

In summary, it can be concluded from the results of the workshop that the representa-

tion of a trusted person is a good way of embodying the digital companion and thus ful-

filling the need for trusting companionship. However, many of the participants see the 

break to reality as critical, which is why the effects of such a representation need to be 

tested. The gender of a digital companion does not seem to play a serious role in this. 

Furthermore, the implementation as a hologram gives the companion a natural and hu-

man appearance and thus plays into the aspect of humanization. Flexible communica-

tion also increases privacy and is at the same time individually tailored to the respective 

user. Depending on the situation, it must be possible to change or adapt the communi-

cation according to the needs. Spoken language as a means of communication is also 

the most natural way to communicate. However, communication via chat has also be-

come a ubiquitous and private means of communication. Accordingly, we associate 

both types with natural and human behaviour. Thus, it only makes sense to transfer this 

to a digital companion as well. 

A social and thus personal relationship with the digital companion represents an essen-

tial bond to be able to offer people support and assistance in uncomfortable or unpleas-

ant situations. In threatening situations, however, it cannot be the responsibility of a digi-

tal companion to solve them, but rather to request real human help. 
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4. User Study 

Based on the literature review (see 2.Theoretical Framework) and the workshop (see 

3.Workshop), three prototypes of a private digital companion (see 4.3.Companions) and 

four scenarios (see 4.4.Scenarios) in which such a companion can provide assistance 

while driving in SAVs were developed.  

These companions were tested and assessed by 13 participants (exclusively women 

with an emphasis on diversity) (see 4.1.Participants) in a within-subjects design study 

(see C.2.Instructions for User Study). A mixed-methods approach was used to obtain a 

comprehensive picture of participants' preferences, opinions, and emotions regarding 

the digital companions by collecting both quantitative and qualitative data (see 

4.6.Procedure and Methods). This was ensured using various questionnaires, the think-

ing-aloud method, and a post-session interview (see 4.6.2.Methods).  

The study took place from the 08th of July to the 18th of July and was conducted in a 

study bus (see 4.5.1.Study Bus) designed to simulate a SAV. The digital companions 

(see 4.3.Companions) were created from the 05th of July to the 15th of July. For this 

purpose, individual Zoom meetings [48] were held with the participants' confidants (see 

4.2.Confidants), in which video and audio material were created to produce two digital 

companions (realistic and avatar) each. Such a Zoom meeting [48] was also conducted 

with a person who was not known to the participants to be able to create a digital com-

panion representing a stranger (see 4.3.Companions).  

A total of 12 realistic digital companions (1 stranger, 11 confidants) and 11 avatars were 

created prior to the study. 3 participants indicated the same trusted person, although 

with different relationships to her (granddaughter, daughter, friend). 

The User Study was held in German, as all participants were German native speakers, 

and took about 90 minutes each. It was conducted in person and was not compensated. 

The participants as well as their confidants were informed of their rights and signed an 

informed consent form (see B.Declarations of Consent).  

The quantitative data obtained from the different questionnaires was processed and an-

alysed using statistical methods (see 5.Results). 
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4.1. Participants 

All 13 participants in the user study were women and belonged to four different age 

groups (21-29 years, 30-39 years, 50-59 years, 60 or older), and the average age was 

between 40 and 49 years. They had different levels of education (Fehler! Verweisquelle 

konnte nicht gefunden werden.) and marital status (Fehler! Verweisquelle konnte nicht ge-

funden werden.). Among the participants there was one student and one pensioner, the 

rest worked full or part time. 9 women were mothers and 3 of the women had a disabil-

ity. All participants were German, only one was an Austrian citizen residing in Germany. 

There was only one participant who did not have a private vehicle (owner or family vehi-

cle) and only one other who stated that she never used public transportation but used 

her own private vehicle almost exclusively. None of the participants came from a large 

city, but the places of residence were divided between medium-sized towns, small 

towns, and rural communities. 

 

 

Figure 7: Highest level of education of the participants in the user study. 
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Figure 8: Marital status of the participants in the user study. 

 

 

4.2. Confidants 

Each participant (see 4.1.Participants) was asked in advance to name a trusted person 

of her choice. 6 of the participants chose their male partner, 4 chose a child or grand-

child (male or female), and 3 indicated a female friend as their confidant.  

The initial contact with the trusted person would be made through the participant. In the 

further course the participant in question was no longer involved. The confidants had to 

fulfil only 2 conditions. They had to have the trust of the respective participant and be 

willing to cooperate in the preliminary stages of the study.  

If these criteria were met, the confidant was invited to a 15-minute Zoom meeting [48]. 

Here, the purpose of the study, their personal contribution, and the setting in which their 

data (video and audio recording) would be used were explained. In the further course, 

the confidant was presented with the 4 scenarios (see 4.4.Scenarios) that the partici-

pants would go through during the user study and the respective reactions of the digital 

companion. Subsequently, with the consent of the confidant (see B.2.Declaration of 

Consent for Confidants), a video recording was started during which he or she spoke 

the reactions of the digital companion, as if he or she were the companion and was 
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speaking to the respective participant. The recording was a continuous recording that 

was later edited. This gave the confidants the opportunity to speak the texts several 

times until they were satisfied with them.  

Finally, they were asked to remain silent about the content of the meeting and their con-

tribution to the study so as not to influence the participants in advance. 

4.3. Companions 

Based on the literature review (see 2.Theoretical Framework)  and the workshop (see 

3.Workshop), three different prototype variants of a private digital companion were de-

veloped for the purpose of supporting women while traveling in SAVs.  

One variant of these private digital companions was a realistic representation of a per-

son unknown to the participants with whom there was no relationship (Stranger). The 

other two variants were a realistic (Companion) and a comic-like representation of the 

respective chosen trusted person (Avatar) and thus had to be created anew for almost 

every participant. 

 

 

Figure 9: Digital Companions (from left to right): 1) Stranger 2) Confidant of P8 3) Avatar of P8. 

 

The audio and video material obtained from the Zoom meetings [48] with the trusted 

persons was edited and converted into a hologram video (see C.4.Instructions for Holo-

gram Video) using the Adobe After Effects [49] tool to create the individual realistic DCs. 

The same was done with the material of the person who was not known to the partici-

pants, to be able to create a DC representing a stranger. For the comic-like DCs, the 

online open-source tool Ready Player Me [50] was first used to create avatars of the 
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confidants. The downloaded avatars were imported into the also open-source desktop 

tool Animaze [51] and embedded with the corresponding audio tracks before they were 

likewise converted into hologram videos with the software Adobe After Effects [49]. 
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4.4. Scenarios 

During the User Study, participants (see 4.1.Participants)  repeatedly ran through four 

self-designed scenarios (see E.Scenarios) of potentially unpleasant situations that could 

occur while driving an SAV. In addition, a corresponding supportive digital companion 

response was devised for each scenario. The selection of the scenarios and the corre-

sponding response were based on both the literature review (see 2.Theoretical Frame-

work)  and the insights gained from the workshop (see 3.Workshop). 

 

 Alone in the vehicle With other passengers 

At night Accident 

 
 

CONTROL 

Stranger man as only other 

passenger 

CONTROL 

At day Missing orientation 

SECURITY 

Drunken passenger 

SECURITY 

Tab. 1:  Scenarios. 

 

The four scenarios and the respective responses of the digital companion are briefly 

described below. 

 

Scenario 1: Drunken Passenger 

In this scenario, the participant is on her way home from work and is feeling exhausted. 

A drunk passenger gets on, who smells unpleasant and is loud. 

The digital companion offers the possibility to contact the operating staff or to change 

the vehicle. 

 

Scenario 2: Stranger Man 

After an evening with colleagues, the participant drives home. Sitting with her in the 

SAV is a man who is a stranger to her. Being alone with a stranger at night triggers a 

queasy feeling and she begins to worry. 
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The digital companion offers the possibility to change the vehicle or to be distracted by 

a game against each other. 

 

Scenario 3: Missing Orientation 

On the way to a friend's new home, the participant loses her orientation and can no 

longer identify her surroundings. Not knowing where she is makes her nervous. 

The digital companion informs the participant that an accident must be circled, but that 

the travel time does not change and offers to give the exact location. 

 

Scenario 4: Accident 

On her way home from an evening out with friends, the participant arrives at an accident 

scene and is momentarily overwhelmed by the situation. It is nighttime and she is alone 

in the SAV. 

The digital companion acts as a reassuring influence on the participant, explaining what 

needs to be done and what options she has.  

Since the study took place in Germany with German participants, this scenario consid-

ered the German legislation that women are not obliged to stop and provide first aid at 

an accident scene when they are traveling alone for reasons of self-protection. Howev-

er, there is always a duty to call emergency services [52]. 

 

Since women feel more insecure at night, two of the scenarios take place exactly then. 

The "Accident" and " Stranger Man" scenarios target the need for control, and the other 

two, "Drunk Passenger" and "Lack of Orientation" target the need for safety. In the two 

scenarios "Accident" and "Missing Orientation" the participant has the SAV to herself, in 

the other two she shares it with one or more other passengers. 
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4.5. Study Setting 

4.5.1. Study Bus 

To create the most immersive experience possible, the study was conducted in a bus 

with a built-in table and turned around front seats facing the table. This was to simulate 

an autonomous vehicle. The bus was parked on the side of a road to increase immer-

sion through the acoustic feedback of passing vehicles.  

 

 

Figure 10: Participant sitting in study bus. 

 

Due to a heat wave, the study was conducted with lowered windows and open sliding 

door for all participants in to avoid endangering the health of participants and instructor 

by the heat building up in the vehicle. Twice, the study had to be relocated intermittently 

from the study bus to an air-conditioned room due to dangerously high temperatures. In 

the case of one participant, the vehicle had to be parked in the garage instead of along 

the road as usual to avoid hail damage. Due to technical problems, the study had to be 

temporarily stopped for 2 participants (P1 and P7). It was continued on another day.  
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4.5.2. Hologram projector 

A self-made hologram projector (see C.3.Instructions for Hologram Projector) made of 

acrylic glass allows to simulate a hologram of the companion. To do this, a hologram 

video (see C.4.Instructions for Hologram Video) is first created based on a video of the 

woman’s confidant (see 4.2.Confidants) using suitable software such as Adobe After 

Effects [49] in combination with Adobe Media Encoder [53].  

To create a hologram video from a normal video, first the background of the video is 

removed and replaced by a black one. Then the video is duplicated 4 times and the 4 

versions are arranged at right angles to each other so that a square is created in the 

centre (see C.4.Instructions for Hologram Video).  

The finished hologram video is then exported to a tablet and displayed. The hologram 

projector is placed on the tablet and creates the illusion of a hologram of the companion, 

which is located above the tablet (see Figure 11: From video to hologram (from left to right): 1) Video 

with transparent background, 2) Hologram video 3) Hologram projector displaying self-made hologram.). 

 

 

Figure 11: From video to hologram (from left to right): 1) Video with transparent background, 2) Holo-

gram video 3) Hologram projector displaying self-made hologram. 

 

4.6. Procedure and Methods 

A mixed-methods approach using various standardized questionnaires, the thinking-

aloud method, and post-session interviews with open-ended questions (see 

4.6.2.Methods) was used to obtain a comprehensive picture of participants' prefer-

ences, opinions, and emotions regarding the three developed prototypes of a private 

digital companion (see 4.3.Companions). These companions were tested and assessed 

by 13 participants (exclusively women) (see 3.1.Participants) in a within-subjects design 
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study. The user study was conducted with each participant individually. 

In order not to influence the participants, they knew in advance only the general topic 

and the rough course of the study but nothing else concerning the different digital com-

panions, the modalities of the presentation or the role of their respective confidant (see 

4.2.Confidants) in advance. 

The study was conducted in the study bus (see 4.5.1 Study Bus), whose purpose of 

simulating an automated vehicle was explained to the participants in advance. 

With the consent of the participants (see B.1.Declaration of Consent for Participants), 

an audio recording of the conversation was made. Participants were informed about 

each start and stop (for example, for breaks) of the recording. 

They were also made aware of potential breaks and asked about any ambiguities that 

potentially arose several times during the study. 

4.6.1. Procedure 

After a participant (see 3.1.Participants)  arrived on site, a participation information 

sheet (see F.Participation Information Sheet), the demographic data questionnaire (see 

A.5.Demographic Data), and the consent form (see B.1.Declaration of Consent for Par-

ticipants) and the STAI-Trait (see 4.6.2.Methods) were handed out to her. The participa-

tion information sheet could be taken home by the participant after the user study. All 

other documents were collected again in filled-out and signed form before the start of 

the user study. 

At the beginning, the participants were again given the most important information in a 

general introduction (see C.2. Instructions for User Study). This was about the purpose, 

aim and duration of the study, what was expected or not expected of them and how 

questions on their part would be handled. It was emphasized that they could not do any-

thing wrong or answer incorrectly, that open and honest communication was appreciat-

ed, and that the data collected would be anonymized. 

Thereafter, the procedure of the study was addressed in more detail. It was explained to 

the participants that they would repeatedly run through 4 different scenarios (see 

4.4.Scenarios) and then fill out questionnaires (see 4.6.2.Methods). It is important to 

mention that they were not told how many digital companions were involved, so as not 

to raise expectations. 
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Each of the 4 scenarios was presented to the participants in paper form and additionally 

read aloud to appeal to both acoustically and visually inclined people. If the scenario 

was scenario “Drunken Passenger” or “Stranger Man”, the participant was asked to 

wear headphones to hear the digital companion through them. For Scenario 3 and 4, 

the tablet's device speaker was used. A video of the digital companion's response (see 

4.4.Scenarios)  was shown using a tablet and the hologram projector (see 

4.5.2.Hologram projector). Participants were asked to complete questionnaires after 

each scenario. Scenarios 1-4 were run for each of the 3 digital companions (see 

4.3.Companions). 

After participants experienced and evaluated all 3 digital companions, a semi-structured 

interview was conducted with them about their newly made experience with a personal 

digital companion. 

At the end, the participants received information about the further course of the project 

and were thanked for their time and participation. 

4.6.2. Methods 

The user study was a within-subjects design study followed by a post-session interview 

using a mixed-methods approach to obtain both quantitative and qualitative data. The 

standardized questionnaires UEQ-S [54], STAI Short Version [55], CFT [56], and the 

Questionnaire on the Uncanny Valley Effect [43, 45] were used to collect the necessary 

quantitative data (see A.Questionnaires) and the thinking-aloud method during the sce-

narios and the post-session interview to collect the qualitative data. 

By using the within-subjects design, individual differences between participants (see 

3.1.Participants) could be minimized and the effects of the digital companions (inde-

pendent variable) on various dependent variables, such as perceived safety or trust, 

within the same person could be measured more accurately. The decision was made 

not to randomize and instead to use controlled variation to be able to introduce the digi-

tal companions in a targeted manner [57]. 

The UEQ-S (see A.1.User Experience Questionnaire Short) provides a quick and effec-

tive way to obtain feedback on the usability and acceptance of digital companions. This 

short version of the UEQ consists of 26 questions answered on a 7-point Likert scale. 

The questions are divided into the six dimensions of attractiveness, perspicuity, efficien-

cy, dependability, stimulation, and novelty [54]. 
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To query trust, the Checklist for Trust (CFT) (see A.3.Checklist for Trust) was used. The 

CFT is used specifically when trust plays an important role and potentially influences 

aspects of human-machine-relationships. The CFT consists of statements (Likert scale), 

which in this case are intended to capture the level of trust in the relationship between 

the respondent and the digital companion [56]. 

The State-Trait Anxiety Inventory Short (STAI Short) (see A.4.State-Trait-Anxiety Inven-

tory Short Version) is the short version of the STAI, consisting of 20 statements (Likert 

scale) to determine the general and situational anxiety of a person. The STAI Short is 

divided into two parts and contains the abbreviated STAI-T (State-Trait Anxiety Invento-

ry - Trait), which determines the general anxiety as a personality trait of a person and 

the also abbreviated STAI-S (State-Trait Anxiety Inventory - State), which examines the 

current anxiety state of a person in a specific situation [55, 58]. 

The questionnaire on the Uncanny Valley phenomenon (see A.2. Uncanny Valley Ques-

tionnaire) investigates the participants' emotional reaction to artificial beings such as ro-

bots, virtual characters and avatars in order to assess the extent of uncanniness and to 

avoid triggering the Uncanny Valley Effect (see 2.5 Uncanny Valley Effect). It is worth 

mentioning that other aspects of perception and interaction regarding artificial beings 

cannot be investigated with the help of this questionnaire, as it is specifically designed 

to investigate the Uncanny Valley Effect [43, 45]. 

To gain insight into the participants' thoughts while interacting with the digital Compan-

ions, the Thinking-Aloud-Method was used. It helps to better understand the behaviour 

and decisions of the participants, to find weaknesses and opportunities for improvement 

of the digital companion and additionally promotes open and honest communication. 

To gain a deeper understanding of the participants' experiences, opinions and perspec-

tives, a post-session interview with open-ended questions was conducted. By using a 

semi-structured interview, a flexible approach was used that allowed for further ques-

tions to be asked, if necessary. To ensure that all participants were asked the same 

questions and to facilitate the analysis through the comparability of the answers, an in-

terview guide (see C.5.Interview Guide) was created. This helped to keep the interview 

structured and focused, especially since it was a complex topic with many questions. It 

also ensured that no questions were forgotten and that all important topics were cov-

ered. It is important to mention here that the developed interview guide provides struc-

ture without compromising flexibility and room for spontaneous questions or follow-up 

questions [57]. 
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4.7. Data Collection and Analysis 

The whole user study was audio recorded and transcribed verbatim afterwards. 

The quantitative data from the different questionnaires (see 4.6.2.Methods) was orga-

nized by using Microsoft Excel [59] and analysed using statistical methods. 

The requirements for the different statistical methods are considered to be fulfilled such 

as the assumption of the data being normally distributed. 

The mean values, standard deviations, and confidence intervals were obtained for each 

scale. 

To test whether the scale means of the digital companions differed significantly, simple 

two-sample t-tests were performed. The alpha level was set to 0.05 for each test [57]. 

Since the word pairs of the UEQ-S are randomized and thus inconsistently start with the 

negative or positive term, the raw data had to be transformed before evaluation. For this 

purpose, the corresponding negative data sets were inverted. The same transformation 

was done for the questionnaire on the Uncanny Valley phenomenon. The STAI Short 

was also recoded for the evaluation, as some items were negative and others positive 

[54]. 

The processed data of the UEQ-S was divided into the 6 scales attractiveness, perspi-

cuity, efficiency, dependability, stimulation, and novelty [54]. The processed data of the 

questionnaire on the Uncanny Valley into the indices of attractiveness, humanness, and 

eeriness and into the eeriness subscales eerie and spine-tingling [45].  

The CFT can be divided in questions 1 to 5 to measure distrust and questions 6 to 12 to 

measure trust between participants and digital companions [56]. 

General anxiety tendencies (mean values) for state and trait anxiety were determined 

from the STAI Short data, ranging from 10 to 50. These were then converted into per-

centages (scale 0-100%) [55].  

For the mean of trait anxiety, a cutoff value of 40 is suggested for a range of values be-

tween 20 and 80, resulting in a cutoff value of 33.3% for the range of 10 to 50 used. 

This cutoff value divides participants into anxious (mean greater than 33.3%) and non-

anxious (mean less than 33.3%) categories, in terms of anxiety as a character trait [60–

62]. 
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To determine the change in state anxiety, the state anxiety after each scenario (see 

4.4.Scenarios) was compared with the state anxiety before the user study (baseline) 

(see 4.User Study). Means, standard deviations, and confidence intervals for the re-

spective companions (averaged across all scenarios) and for the respective scenarios 

(averaged across participants) and means for the respective participants (averaged 

across all scenarios) were calculated over these change values of the state anxiety 

(mean). 
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5. Results 

In the following, the results of the user study are presented. For the sake of clarity, the 

chapter is structured according to the methods (see 4.6.2.Methods). 

5.1. User Experience 

Based on the data collected, none of the three variants of a digital companion (see 

4.3.Companions) seems to have triggered a negative user experience. While the realis-

tic representations are consistently located in the positive experience range of the value 

scale (values > 0.8), the comic-like representation is perceived as neutral (between -

0.8 and 0.8) in terms of attractiveness and dependability. 

 

 

Figure 12: Comparison UEQ – Stranger, Confidant and Avatar 

 

It should be noted that the data is based on individual and therefore different opinions, 

perspectives and response behaviour, and values above +2 and below -2 are accord-

ingly very unlikely [54].  Therefore, it is remarkable that both the Stranger (value = 2.10) 

and the Confidant (value = 2.09) could achieve a value above +2 in terms of perspicuity. 

Regarding the standard deviation can be said that the participants highly agree on their 

perception of perspicuity of the two realistic representations (Stranger = 0.74, Confidant 

= 0.83) which backs the above statement. It is also noteworthy that the Avatar causes 

mixed opinions in all aspects as the standard deviation is above 1.01 for all scales. 

0,00

0,50

1,00

1,50

2,00

2,50

Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty

STRANGER

CONFIDANT

AVATAR



Page | 44 

Katharina Vogl  Master Thesis 

Novelty (STD > 1.01 for all companions) also appears to be rated differently by partici-

pants. This could be because they have probably been exposed to similar technologies 

to different degrees. 

The only other low level of agreement is seen in the evaluation of the dependability of 

the Confidant (STD = 1.02). The reason for this can only be conjectured at this point. 

There could be a connection with the real relationship between participant and confi-

dant. Thus, an aspect of this relationship might have been transferred to the relationship 

with the DC. Whether this was a positive or negative aspect is open to question. How-

ever, this theory is based purely on conjecture and assumption and remains to be test-

ed. 

To test whether the scale means of the DCs differed significantly, three simple two-

sample t-tests were performed. The alpha level was set to 0.05 for each test. 

When comparing the Stranger and the Confidant, the test showed significant differences 

in the areas of attractiveness, stimulation, and novelty. However, looking at the corre-

sponding diagram of the scale means, the error bars overlap for all three scales of the 

compared DCs. This could indicate false-positive results or a sample size that is too 

small. 

When comparing the Stranger and the Avatar, the test showed significant differences in 

the areas of attractiveness, perspicuity, efficiency, and dependability. In terms of stimu-

lation and novelty the test indicates no significant difference. A look at the diagram 

seems to support this result for the most part. Only in the case of efficiency do the over-

lapping error bars again indicate a false-positive result or an insufficient sample size. 

When comparing the Confidant and Avatar, the t-tests showed significant differences in 

all areas. However, the error bars for efficiency are overlapping here as well, again indi-

cating a false positive result or an insufficient sample size. 

 

5.1. Uncanny Valley 

The data collected on the uncanny valley effect (see 2.5.Uncanny Valley Effect) can be 

divided into the three indices of humanity, attractiveness, and eeriness. The two sub-

scales of the eeriness index are eerie and spine-tingling, which provide additional detail. 

When creating animated characters, it is advisable to check the score on the spine-

tingling subscale, as it tends to be higher than that of robots and thus may indicate neg-
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ative sensations [45]. 

According to the t-tests performed, the two realistic representations of a digital compan-

ion do not show any significant differences. This is supported by the overlap of the error 

indicators in the diagram with the average values of the indices of the DCs. 

 

 

Figure 13: Comparison Uncanny Valley - Stranger, Confidant, Avatar 

 

The standard deviations of the scale means for these two DCs indicate high agreement 

(< 0.83) among participants. Exceptions are the attractiveness of the Confidant, which is 

slightly in the medium agreement category (0.86), and the low agreement (> 1.01) re-

garding the humanity of the two realistic companions. 

In contrast, the standard deviations of the scale means for the Avatar show low agree-

ment (> 1.01) between participants for all indices and subscales. 

The t-tests performed show significant differences between the realistic representations 

and the comic-like representation for all indices. Only when looking at the subscales of 

the eeriness index does it become apparent that there is no significant difference for 

spine-tingling, which seems to be a weak spot of animations [45]. 

It is remarkable that all indices and subscales of the Avatar, apart from humanity, lie 

around zero (between -0.08 and 0.35). If this is considered in combination with the error 

indicators and the low agreement between the participants, it is no longer clear whether 

the scores are in the positive or negative range. From this, the assumption could be 

made that the Avatar is perceived as creepy or acceptable depending on the person. 
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However, it is evident that the DC is not considered human (-1.76). 

5.2. Trust 

The evaluation of the CFT (see 4.6.2.Methods) shows that apparently Stranger and the 

Avatar are met with the same degree of trust and distrust, respectively. 

The Confidant, on the other hand, scores a relatively high value of 6.07 on the trust 

scale with a small size of the error bar, indicating a high level of agreement between 

participants, especially since the sample size is relatively small. Additionally, the t-tests 

performed show significant differences in trust as well as distrust between the Confidant 

and the other two versions of a DC. 

 

 

Figure 14: Comparison Trust and Distrust - Stranger, Confidant and Avatar 

 

5.3. Anxiety 

The participants (see 4.1.Participants) can be divided into anxious and non-anxious 

categories, in terms of anxiety as a character trait (see Figure 15: Anxiety Change vs Baseline - 

Overall, Anxious participants and Non-Anxious Participants).  

Of 13 participants, 7 could be categorized as anxious (see Figure 16: Comparison of Scenarios 

- Non-Anxious Participants) with an anxiety score of 33.3% or greater, while 6 participants 
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found in the comparison of realistic representation versus the comic-like representation 

of the confidant. Despite confirming values in the t-test, this result must be viewed criti-

cally, since the error indicators of the DCs in question overlap (see Figure 15: Anxiety Change 

vs Baseline - Overall, Anxious participants and Non-Anxious Participants). This means that this result 

could also be false positive. The large confidence value (c = 6.24) suggests that the 

sample of study participants was too small to reliably detect a significant difference. 

 

 

Figure 15: Anxiety Change vs Baseline - Overall, Anxious participants and Non-Anxious Participants 

 

Overall, however, the comparison between anxious and non-anxious participants does 

not allow any conclusion to be drawn that a DC would have more or less effect on one 

of the two groups than on the other. 

For example, conspicuously high anxiety values (< -58) can also be found in the group 

of non-anxious participants (see Figure 16: Comparison of Scenarios - Non-Anxious Participants). It 

is not possible to determine whether these may be outliers because the sample is too 

small (N = 6). 
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Figure 16: Comparison of Scenarios - Non-Anxious Participants 

 

 

Figure 17: Comparison of Scenarios - Anxious Participants 
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be generalized in any case, since the confidence value is far too large here as well. 

 

Scenario 
Mean 

Stranger 
Mean 

Confidant 
Mean 
Avatar 

Mean 
Overall STD 

 
Confidence 

S1 -13,65 -4,62 -14,04 -10,77 23,72 7,44 

S2 -6,92 2,50 -10,19 -4,87 22,11 6,94 

S3 -3,85 1,92 -5,19 -2,37 22,67 7,11 

S4 -10,38 -8,08 -17,31 -11,92 28,30 8,88 

 

Tab. 2:  Level of fear in the scenarios for each digital companion 
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6. Discussion 

The following section focuses on relating the research questions and hypotheses posed 

at the beginning of the paper (see 1.1.Objective and Methodology) to the data and study 

results (see 3.4.Results) collected. 

The workshop (see 3.Workshop) conducted, realized with the help of co-design tech-

niques, focused on answering RQ1. 

RQ1: How should a private digital companion be designed from a woman’s per-

spective to increase the perceived safety in shared automated vehicles? 

Based on the workshop, two concepts emerged to realize a private digital companion: 

Avatar on Smartphone (see 3.3.1.Concept Group 1: Avatar on Smartphone) and Holo-

gram of Confidant (see 3.3.1.Concept Group 1: Avatar on Smartphone). If we bring 

these two concepts together, we can identify several essential core components that a 

private digital companion must possess from a woman's point of view to increase the 

perceived safety (see 3.5.Conclusion). The gender of the DC does not seem to play a 

fundamental role. However, it is clear to the workshop participants (see 3.1.Participants) 

that a DC cannot replace a real person in physically dangerous situations. The partici-

pants distinguished between three types of situations: queasy, unpleasant, and threat-

ening. The digital companion is only intended for the first two levels, queasy and un-

pleasant. 

Regarding the attributes that the DC should embody to increase trust and thus per-

ceived safety (see 2.2.Perceived Safety) in just such situations, humanity and the social 

relationship should be particularly emphasized. This includes, for example, flexible 

communication or the distraction from uncomfortable situations through games. The in-

creased sense of control that arises, for example, when the car can be stopped via the 

DC, also contributes to increased trust. The key factors of the two developed concepts 

for a DC include the distraction from uncomfortable situations and the close social rela-

tionship with a DC who represents a real person of trust. 

Based on the findings of the workshop (see 3.4.Results), RQ2 and RQ3 were examined 

in detail in the subsequent user study. The collected attributes from the two concepts 

were used to develop three prototypes for a digital companion (see 4.3.Companions), 

which were implemented as holograms (see 4.5.2.Hologram Projector): realistic 

stranger, realistic confidant, comic-like confidant. These were the subject of considera-
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tion in the user study (see 4.User Study). 

RQ2: Do women prefer a private digital companion representing their real-life 

confidant to a companion representing a stranger? 

The existing literature on this topic already shows that people can trust digital assistants 

and thus form a human-like relationship with them. Digital assistants (see 2.4.Digital As-

sistants) already offer emotional support in many aspects of everyday life. In the context 

of SAVs (see 2.1.Shared Automated Vehicles), trust in such a digital assistant plays a 

particularly important role, as this also has an influence on perceived safety. For wom-

en, this also means that SAVs are more accessible and attractive if they receive support 

from a DC who helps them overcome uncertainties or unpleasant situations. 

To answer the Research Question, hypotheses 1-3 must first be examined. 

H1: Women feel more trust towards a confidant as a private digital companion. 

The level of trust determined by the CFT (see 5.2.Trust) shows a relatively high value of 

6.07 on the trust scale for the realistic representation of a trusted person as a DC. De-

spite a small sample size (N = 13), the result shows a low indication of error. In addition, 

the t-tests conducted show significant differences in trust and distrust, respectively, be-

tween the Confidant in contrast to the Avatar as well as to the Stranger. 

It can be concluded that women have significantly more trust in a representation of a 

real confidant than in that of a stranger or a comic-like representation of the confidant as 

a DC. 

H2: Women feel less anxiety when accompanied by a private digital companion 

who represents a confidant. 

Regarding the feeling of anxiety of women in using SAVs, no significant conclusions can 

be drawn (see 5.3.Anxiety). By means of a t-test, a significant difference between the 

realistic and the comic-like confidant was calculated in the group of participants who 

were overall anxious (trait anxiety), but this cannot be emphasized as positive. Due to 

the high error indicators, this result can also be a false positive, which is due to the 

small sample size (N = 6). In the comparison between Confidant and Stranger as well 

as between Stranger and Avatar no significant differences could be determined. 

These results imply that it cannot be statistically confirmed that women experience less 

anxiety when accompanied by a private digital companion representing a confidant. 
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However, it is interesting to note that the group of non-anxious participants tends to 

have some high anxiety scores. Overall, though, there are no noticeable differences be-

tween the results of the anxious and the non-anxious participant groups. Nevertheless, 

these are only observations concerning the present sample without significant differ-

ences. 

H3: The user experience is more positive when accompanied by a private digital 

companion who represents a confidant. 

The user experience was determined using the UEQ-S [54] to collect feedback quickly 

and effectively (see 5.1.User Experience). The rating of the Confidant is continuously in 

the positive experience range and achieves a remarkable result, especially regarding 

comprehensibility. The Stranger as DC achieved a comparably good value in this cate-

gory. 

In addition, the t-test shows significant differences in the areas of attractiveness, stimu-

lation and novelty between Confidant and Stranger as a DC. However, it must be point-

ed out that this could again be a false-positive result since the error bars in the corre-

sponding diagram of the scale mean values for all three scales overlap. The reason for 

this could be the small sample of participants (N = 13). This means that a significant 

statement cannot be made with certainty, but rather merely a tendency can be deter-

mined. 

In summary, there is a clear tendency toward good user experience, high trust scores, 

and low anxiety scores for the representation of the digital companion as a realistic con-

fidant compared to the other two representations. These tendencies cannot be verified 

as statistically significant, probably because of the small sample of participants. 

RQ3: How human-like should a private digital companion representing women’s 

real-life confidant be designed? 

When it comes to the question of how close a digital assistant should come to the image 

of a human being, but also to his behaviour, there are some aspects to consider. The 

resemblance to humans plays an essential role for the trust we place in a digital com-

panion and how much we rely on it in unpleasant situations, as already shown in RQ1 

and RQ2. But the more a DC resembles a real person in behaviour and appearance, 

the more aspects like the Uncanny Valley Effect (see 2.5.Uncanny Valley Effect) have to 

be considered. Since this can even cause disgust in the user, it is crucial to avoid it in 

order not to cause negative effects such as mistrust or even fear. 
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H4: Different depictions of the confidant as a private digital companion do not 

trigger an uncanny valley effect. 

To determine the uncanny valley effect, a corresponding questionnaire (see 

A.2.Uncanny Valley Questionnaire) was used to determine the extent of uncanniness 

and the emotional reaction of the participants towards the different variants of the digital 

assistant (see 5.1.Uncanny Valley). 

It is striking that the participants were fundamentally divided in their evaluation of the 

Avatar. This phenomenon probably arose from the fact that the uncanny valley effect is 

perceived individually by each person. Accordingly, attributes or features of the digital 

companion can be the trigger for the uncanny valley effect for one participant, while 

precisely these same features are perceived as acceptable for another. 

The t-test also finds a significant difference between the Confidant and the Avatar in all 

areas. Only in efficiency is this result not reliable, since the error indices are too large to 

exclude a false positive result. 

Regarding the Confidant, the participants disagreed only on the aspect of humanity. 

The hypothesis can therefore only be partially confirmed. The realistic depictions of the 

DC (Confidant and Stranger) do not trigger an uncanny valley effect, while the comic-

like Avatar is in the border area of the uncanny valley. 
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7. Conclusion 

In summary, it can be said that a private digital companion that embodies an individual 

person of trust holds numerous potentials. Particularly regarding the trust required to 

rely on such an assistant, especially in unpleasant or uncertain situations, the basis is 

already in place, since there is already trust in the real person associated with it. 

The workshop also clarified many components of a possible digital assistant for SAVs. 

Aspects such as humanization, flexible communications, and factors that increase the 

sense of control can help to increase the perceived safety of women and thus make fu-

ture mobility models such as SAVs accessible and usable.  

Even though the small sample size (N = 13) of the user study does not permit any sig-

nificant findings, some tendencies have become visible that can be used as a basis for 

further research. It has become clear that it is important to avoid the uncanny valley ef-

fect to implement a digital companion in a targeted manner. The realistic representation 

of a companion generally seems to perform better than a comic-like representation, 

even if it is a well-known person. 

However, not only the private DC itself, but also the scenarios in which it is used offer a 

lot of potential for deepening insights into the meaningful use of an assistant and the 

corresponding reactions. In the user study, for example, some scenarios hinted at trig-

gering more anxiety in the participants than others, regardless of whether the subjects 

belonged to the more anxious or non-anxious test group. Trait anxiety is another factor 

that could influence the design of a digital companion in this context. 

Nevertheless, there are numerous application scenarios for a digital companion, wheth-

er it is assistance in an accident, making an emergency call or simply entertainment 

through conversation, games, or other features. 

7.1. Future Work 

Future studies could include different contexts, cultures, or populations to improve the 

external validity of the results. 

Another possible future work is to investigate the requirements and preferences for the 

behaviour of a digital companion in different situations. 

It would also be interesting to investigate whether a private or a public digital companion 
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is preferred, or even a combination of private and public companions. This then leads to 

the idea of what combination possibilities exist. 

Another possibility is to investigate whether some confidants are better suited than oth-

ers for a digital companion and what the influencing factors (gender, character traits, 

social relationship with the user) are. 

7.2. Limitations 

It is important to acknowledge the limitations of the study to adequately assess the ac-

curacy and reliability of the results. 

One of the main limitations of this study is the limited sample size. This could affect the 

external validity of the results and limit the generalizability of the findings. 

Another limitation of this study is the selection of participants. Although participants 

were selected according to specific criteria, it is possible that the sample is not repre-

sentative of the overall population and therefore biases the results. 

A further limiting factor is the limited generalizability of the results to other contexts or 

cultures. This study was conducted in Germany and with almost exclusively German 

participants, which limits the generalizability of the results to other settings or cultures.  

The focus on women as a target group, is also a limiting factor, as for example men, 

non-binary and transgender persons are neglected.   

Another limitation lies in the statistical methods used, which are based on certain as-

sumptions such as the normal distribution of the data and the homogeneity of the vari-

ances. If these assumptions are not met, unreliable results may be obtained. Also, the 

risk of false positive results when performing multiple T-tests on different groups has to 

be considered. 

Finally, it is important to note that this study may not have considered certain variables 

or factors that could have an impact on the results. 
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