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Abstract


Self-driving cars are currently operational in certain urban areas. Despite these designated zones presumed to be optimal, concerns over incident rates and shifting public opinion necessitate a focus on the social integration of these technologies. The ability of self-driving cars to navigate informal interactions and unexpected situations, a critical aspect of social behavior, falls short due to the absence of human-centric communication transfer in urban mixed traffic where self-driving cars and humans coexist. Recognizing the social context of traffic, the thesis aims to address the gap in social interaction and position fully Automated Vehicles (AVs) as social agents.


Achieving widespread accessibility for AVs goes beyond technological advancements; it requires successful social integration. The present thesis contends that failure to integrate the social agency of AVs during design could diminish their usability and overall success. Understanding social behavior in traffic and how AVs function as social agents is crucial to resolving interaction challenges and ensuring seamless coexistence with human road users.


The current thesis unfolds systematically. At the first stage, I lay my efforts to define and measure social behavior in traffic. Accordingly, I unveil key dimensions of prosocial behavior in traffic and analyze communication cues of drivers and pedestrians through observation of naturalistic driving data. Additionally, I address the need for quantifiable metrics by developing and validating a new scale. Specifically, components of prosocial behavior are found as being coherent with existing norms, hence following a predictable driving style and abiding by the rules, as well as deviating from rules where necessary, awareness, yielding the right of way to facilitate help and traffic flow, and expressing gratitude and apology to express socialness.


Furthermore, I investigate human behavior around self-driving vehicles to understand existing patterns and address potential challenges. By implementing a pedestrian simulator in virtual reality and utilizing gamification to introduce real costs and benefits, I create a test bed for assessing jaywalking behavior in mixed traffic with AVs. Most notably, results show that while individuals desire the defensive behavior of automated vehicles, conflict-avoidant automated vehicles may incentivize individuals to take advantage of their defensive stance and promote deviant behavior toward them.


Moreover, I seek design solutions to provide support for interaction between AVs and humans. I explore various external communication cues for self-driving vehicles and test the influence of these cues on prosocial behavior and perception in two distinct studies. Most significantly, results identify the efficacy of sympathy-eliciting cues and external displays emphasizing locomotion intention in increasing prosocial behavior and perception.


Finally, I reflect on the presented results and methods. I discuss the key findings regarding social behavior in traffic, how AVs influence human behavior with their employed driving styles, and how the interaction between AVs and humans can be eased and balanced through external and emphasized implicit communication. I further discuss the potential use of my created metrics and external communication options to enhance social interaction under current regulations and research trends. Lastly, I emphasize the limitations and future directions of my work.


In conclusion, the present thesis, rooted in understanding social behavior and perceiving AVs as social agents, contributes valuable insights. It aims to aid researchers, policymakers, engineers, vehicle manufacturers, designers, and developers in unraveling social behavior and perception in traffic, offering solutions for societal challenges and advantages in the coexistence of humans with self-driving vehicles.









Zusammenfassung


Selbstfahrende Autos werden derzeit in bestimmten städtischen Gebieten eingesetzt. Trotz dieser ausgewiesenen Zonen, die als optimal gelten, ist es aufgrund der Besorgnis über die Unfallrate und der sich ändernden öffentlichen Meinung notwendig, sich auf die soziale Integration dieser Technologien zu konzentrieren. Die Fähigkeit selbstfahrender Autos, sich in informellen Interaktionen und unerwarteten Situationen zurechtzufinden - ein entscheidender Aspekt des Sozialverhaltens - wird durch das Fehlen einer menschenzentrierten Kommunikationsübertragung im städtischen Mischverkehr, in dem selbstfahrende Autos und Menschen nebeneinander fahren, beeinträchtigt. Unter Berücksichtigung des sozialen Kontextes des Verkehrs zielt dieses Dissertation darauf ab, die Lücke in der sozialen Interaktion zu schließen und voll automatisierte Fahrzeuge (AVs) als soziale Agenten zu positionieren.


Um eine breite Zugänglichkeit für AVs zu erreichen, bedarf es nicht nur technischer Fortschritte, sondern auch einer erfolgreichen sozialen Integration. Die vorliegende Dissertation vertritt die These, dass eine fehlende Integration der sozialen Rolle von AVs während der Entwicklung ihre Nutzbarkeit und ihren Gesamterfolg schmälern könnte. Das Verständnis des sozialen Verhaltens im Verkehr und der Funktion von AVs als soziale Agenten ist entscheidend für die Lösung von Interaktionsproblemen und die Gewährleistung einer nahtlosen Koexistenz mit menschlichen Verkehrsteilnehmern.


Die vorliegende Dissertation geht systematisch vor. In der ersten Phase lege ich meine Bemühungen zur Definition und Messung von Sozialverhalten im Verkehr dar. Dementsprechend lege ich die Schlüsseldimensionen prosozialen Verhaltens im Verkehr offen und analysiere die Kommunikationshinweise von Autofahrern und Fußgängern durch die Beobachtung von naturalistischen Fahrdaten. Darüber hinaus gehe ich auf den Bedarf an quantifizierbaren Messgrößen ein, indem ich eine neue Skala entwickle und validiere. Zu den Komponenten prosozialen Verhaltens gehören insbesondere die Übereinstimmung mit bestehenden Normen, d. h. ein vorhersehbarer Fahrstil und das Einhalten von Regeln, aber auch das Abweichen von Regeln, wenn dies erforderlich ist, Aufmerksamkeit, Vorfahrt gewähren, um Hilfe zu leisten und den Verkehrsfluss zu erleichtern, sowie das Ausdrücken von Dankbarkeit und Entschuldigung, um Sozialität zu zeigen.


Darüber hinaus untersuche ich das menschliche Verhalten in der Umgebung selbstfahrender Fahrzeuge, um bestehende Muster zu verstehen und potenzielle Herausforderungen anzugehen. Durch die Implementierung eines Fußgängersimulators in der virtuellen Realität und die Nutzung von Gamification zur Einführung realer Kosten und Vorteile schaffe ich ein Testfeld zur Bewertung des Verhaltens von Fußgängern im gemischten Verkehr mit AVs. Die Ergebnisse zeigen vor allem, dass Individuen zwar das defensive Verhalten automatisierter Fahrzeuge wünschen, dass aber konfliktvermeidende automatisierte Fahrzeuge Anreize für Individuen bieten können, ihre defensive Haltung auszunutzen und abweichendes Verhalten ihnen gegenüber zu fördern.


Darüber hinaus suche ich nach Designlösungen, um die Interaktion zwischen AVs und Menschen zu unterstützen. Ich untersuche verschiedene externe Kommunikationshinweise für selbstfahrende Fahrzeuge und teste den Einfluss dieser Hinweise auf prosoziales Verhalten und Wahrnehmung in zwei verschiedenen Studien. Die Ergebnisse zeigen vor allem die Wirksamkeit von sympathieerweckenden Hinweisen und externen Anzeigen, die die Fortbewegungsabsicht betonen, bei der Steigerung von prosozialem Verhalten und Wahrnehmung.


Abschließend reflektiere ich die vorgestellten Ergebnisse und Methoden. Ich erörtere die wichtigsten Ergebnisse in Bezug auf soziales Verhalten im Verkehr, wie AVs das menschliche Verhalten mit ihrem Fahrstil beeinflussen und wie die Interaktion zwischen AVs und Menschen durch externe und betonte implizite Kommunikation erleichtert und ausgeglichen werden kann. Des Weiteren diskutiere ich die potenzielle Nutzung der von mir entwickelten Metriken und externen Kommunikationsoptionen zur Verbesserung der sozialen Interaktion im Rahmen aktueller Vorschriften und Forschungstrends. Abschließend gehe ich auf die Grenzen und die zukünftige Ausrichtung meiner Arbeit ein.


Zusammenfassend lässt sich sagen, dass die vorliegende Dissertation, die auf dem Verständnis von sozialem Verhalten und der Wahrnehmung von AVs als soziale Akteure beruht, wertvolle Erkenntnisse liefert. Sie soll Forschern, politischen Entscheidungsträgern, Ingenieuren, Fahrzeugherstellern, Designern und Entwicklern dabei helfen, das soziale Verhalten und dieWahrnehmung im Verkehr zu entschlüsseln und Lösungen für gesellschaftliche Herausforderungen und Vorteile im Zusammenleben von Menschen und selbstfahrenden Fahrzeugen anzubieten.
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1 Introduction


Automated vehicles (AVs) have made their presence known, particularly in the United States, where they’re already in use as fully automated taxi services in certain regions [Kec19]. Despite the remarkable technological advancements behind them, seamless integration of them into the social fabric of traffic remains a distant goal. While traffic appears to be regulated with formal rules, humans often rely on informal interactions to navigate cooperation and resolve ambiguities. Unlike sentient beings, automated vehicles cannot engage in informal communication, beyond sending basic locomotion cues such as deceleration and stopping. Recognizing this gap, manufacturers have compensated by deploying overly cautious AVs, which, though aimed at enhancing safety and acceptance in urban traffic with various motorized and non-motorized road users such as drivers and pedestrians [HCRB21a], also lead to disruptions in traffic flow. As these conflict-avoidant AVs become more prevalent, the risk of user frustration due to frequent stops by pedestrians or impatient drivers rises, potentially undermining the long-term viability of the services of the AVs. Consequently, while automated vehicles are increasingly commonplace, they remain imperfect, prompting a search for alternative approaches to foster clearer social interactions and replace over-cautiousness in their behavior with better social embeddedness.


1.1 Automated Vehicles with Different Levels


Automated vehicles have become increasingly prevalent in our surroundings, yet what defines a vehicle as automated? The Society of Automotive Engineers (SAE) describes six levels of automation that are shaping the landscape of transportation today and in the foreseeable future (see Figure 1.1). At Level 0, vehicles lack automation and coexist alongside Level 1 and 2, where features like lane centering and adaptive cruise control offer driver support. In these levels, drivers retain primary control while benefiting from assistance features. Level 3 automation marks a pivotal shift with active engagement between human drivers and automated systems, where takeover and handover requests come into play. Recent years have witnessed the emergence of Level 3 automation on roads [Mac22].


The higher levels of automation, Levels 4 and 5, represent advancements where human intervention in driving tasks is no longer necessary. While Level 4 operates within specific traffic zones, Level 5 can navigate any environment under varied conditions. Presently, Level 4 automated vehicles function as local driverless taxis or shuttles in selected regions worldwide, sometimes with safety operators and sometimes autonomously. However, achieving Level 5 automation necessitates further technological development before widespread implementation [KS23].


This thesis focuses on automated vehicles operating at higher automation Levels 4 and 5. We specifically target scenarios where these vehicles must autonomously navigate conflicts without requiring intervention from human drivers. This approach enables us to delve into situations where both human-driven and automated vehicles confront ambiguity and must resolve it independently, without external human assistance. Consequently, we regard automated vehicles within this thesis as social agents, beyond their conventional roles as mere modes of transportation or tools controlled by humans.
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1.2 Social Interaction in Traffic


Humans are social beings. They interact with each other in everyday life, such as at work, while commuting, playing sports, and shopping, to name but a few. Through these social interactions, they communicate their intentions, emotions, and needs to each other. The need for relatedness to others is one of the fundamental psychological needs that – if satisfied – leads to positive experiences [SEKK01]. Through decades, humans have invented ways to communicate, fulfill the need for relatedness, become a part of a bigger group — a society, and care for each other. Thus, modern human life is heavily based on living in a society and interacting and communicating with each other. Social interaction with others, therefore, is not only a way to fulfill individual needs, but to create a collaboration. The behavior of individuals and how they interact with others can be propagated to a bigger group and impact society. Therefore, as a general untold rule, everyone is expected to care for each other and interact mindfully and with mutual respect in a social context. The resulting positive experiences from such behaviors are regarded as “Prosocial Behaviors” which were defined as “ [a] broad range of actions intended to benefit one or more people other than oneself – behaviors such as helping, comforting, sharing, cooperation, philanthropy, and community service” [Bat12, p. 243].


Traffic is a social interaction space that is mostly regulated by traffic laws. Yet, these laws often remain insufficient to address humans’ space-sharing problems [MMN+20]. In traffic situations or in countries where formal rules are non-strictly regulated, informal communication between road users fulfills an important role: bridging the necessary communication for solving cooperation problems or supporting smooth traffic flow. For instance, these can be situations where two drivers come at each other on a narrow street, where one of them has to yield the right of way to the other. In such bottleneck scenarios formal traffic rules fall short of solving the “game of chicken” [RC66] encounter and might ultimately lead to deadlocks, if they were strictly adhered to. Such space-sharing conflicts in traffic may easily result in aggressive behavior and negative experiences if parts fail to establish cooperative behavior [Ris85]. In similar scenarios, humans rely on informal communication originating from vehicle locomotion cues such as acceleration, and human-centric cues, such as gestures and eye contact. Implicit or vehicle-centric [DHP+20] communication cues can be summarized by vehicle movement patterns such as acceleration, deceleration, and vehicle distance [SF09, TVKBS05, Var98, REV+17, HR14] or flashing the headlights [Lau19]. Explicit or driver-centric communication cues are managed via eye contact [SG16, NPP+18, RJW16, GME15], body movements, gestures [Fär16, SDR17, GME15, HR14] or thanking [Lau19] of the traffic participants. In the research landscape, the benefit of informal communication under different circumstances has still been under discussion and seems to require further attention [Šuc14]. Some perspectives reevaluate the role of explicit communication in road traffic [DT17, RKT17b, LMG+21]. These researchers argue for the adoption of implicit interactions based on the kinematics of vehicles, including visual cues such as vehicle movements and auditory signals in the forms of engine and tire sounds. Nevertheless, it is still a question of when implicit communication is sufficient and when explicit communication is needed.


1.3 Prosocial Behavior in Traffic


Not only do traffic participants interact with each other when the rules are unclear, but also when the courtesy of who can go first is an option. This also extends to the interaction of e.g. vehicle drivers with other road users, such as pedestrians or cyclists. Specifically, urban traffic is a typical case for cooperation and exchange. In such traffic situations, the communication is not necessarily explicit. Still, traffic participants use more subtle signs of cooperation, such as reducing their speed when driving or walking, turning their gaze in a specific direction, or performing small gestures. These interactions can entail following traffic rules for the right of way, avoiding risky situations while overtaking, or stopping a car for an elderly pedestrian at an unprotected pedestrian crossing without traffic lights. While traffic rules offer fine-grained instructions for avoiding or handling safety-critical situations in general, many “social” situations, as in the former crossing example, are generally handled by unwritten rules that are sometimes shaped by the norms of society. In our former crossing example, the driver stops the car because she cares for the elderly pedestrian or wants to be judged as a prosocial road user. Another example could be a driver on a side road who wishes to take a turn into a busy main road without the existence of traffic lights. This driver would have to wait until another driver on the busy main road opens a gap for them to join the main road. Eventually, one of the drivers on the main road empathizes with the situation and lets the other vehicle merge. Hence, prosocial behavior becomes a key in many of the daily traffic situations and it is employed through many different behavioral expressions in traffic.


As mentioned previously, in a broad sense, prosocial behavior is defined as “actions that benefit others” [PRMP09] and, consequently, it comes into play in everyday traffic situations. Acting prosocially in traffic benefits all traffic participants in positive ways, and it helps to resolve traffic conflicts easily and effectively. Beyond the aforementioned examples, this happens, when searching for parking lots, when keeping the lane clear at the expense of violating traffic rules, when merging lanes effectively, and in many other situations. In the context of road traffic, prosocial behavior is defined as “driving behaviors that potentially protect the well-being of passengers, other drivers, and pedestrians, and that promote effective cooperation with others in the driving environment” [HHV+14]. This definition highlights essential aspects of prosocial behavior in traffic. “Wellbeing” is not only a matter of comfort but extends to safety, and “effective cooperation” has a genuine impact on the traffic system itself, ultimately influencing factors such as throughput or even emissions. A hypothetical scenario where all actors in the system act prosocial would improve safety overall. Regarding the effectiveness of the traffic system, a similar conclusion cannot be made because individuals need access to all the relevant information and could get stuck in local optima. However, this could change with the introduction of automated vehicles that replace human drivers, at least partly. Fostering prosocial behavior in mixed traffic, i.e., in road situations where both human participants and automated vehicles are involved, could create the opportunity for future traffic environments that are more cooperative and, thus, safer.


1.4 Social Interaction with Automated Vehicles


Soon, in more and more traffic areas interactions will not be limited to human users (i.e., drivers, pedestrians, cyclists, etc.) but include mixed traffic with AVs at different levels of automation [SAE16]. Future traffic systems may develop “superhuman” behavior in terms of effectiveness and efficiency [WFRS18, CBD+22], however, strategies to reach global optima may not be comprehensive for individual users with limited information access [SWRG19]. Consequently, this might pose additional requirements and foster the need to develop AVs as (pro)social actors and actively communicate and interact with other (human) traffic participants. Research has already addressed interactions between AVs and other (vulnerable) road users such as pedestrians [HCRB21b] in the context of crossing decisions [DHL+20]. In less regulated situations such as parking lots or shared traffic spaces, as formerly mentioned, drivers and pedestrians utilize a wide range of cues to communicate explicitly with each other. These cues include hand gestures, eye contact, and other body movements that are employed to resolve conflict situations but also to convey expressions of gratitude or empathy. Yet, automated vehicles lack this intuitive communication ability. This deficiency leads to situations in which pedestrians struggle to discern the intentions of AVs, and the AVs, in turn, cannot move around individuals with ease. Consequently, this limitation results in incidents where the traffic flow is disturbed, and the traffic participants are unsure of AVs’ movements [BBV23]. Furthermore, AVs might lead to greater frustration in space-sharing conflicts, receiving less sympathy from other road users due to their reduced informal communication capabilities. Research in Human-Robot Interaction (HRI) emphasizes that humans treat robots as if they were social beings [KB18], which contributes not only to positive feelings such as sympathy but also negative behavior such as bullying towards them. The robots are subjected to similar social norms, for example, they are punished when they perform badly and rewarded when they perform well [BRC08]. Some researchers argue that robots are ideal targets for bullying as they are perceived as subordinate to humans, and the less intelligent they are perceived, the more likely they are to be subjected to aggressive behavior [KB18]. Assuming that AVs are similar to non-humanoid robots [LBY+20] and considering a high-level AV that cannot communicate clearly to road users, bullying behavior towards them is expected due to their reduced perception of intelligence.


To ease the communication problem with AVs, overly cautious vehicles have been deployed and released by car manufacturers in recent years. Undeniably, human trust and safety are essential before AVs are released on the streets. Nonetheless, some studies highlight the possible drawback of conflict-avoidant behavior of AVs in their interaction with humans [CRM+18, DML+21, CCB+20, FCM+18].


For instance, Moore et al. [MCSS20] report that human road users disturb driverless cars in a Wizard-of-Oz study with obstructive behavior types, ranging from playful curiosity to aggression, to purposely stepping in front of them, which was also observed in Madigan et al. [MNF+19]. Similar behavioral patterns were also observed towards service robots [SCY+10]. Drawing on game theory, recent studies argue that if AVs are programmed with a zero-probability for collision, situations as these were to be expected [FCM+18, MB18]: The shared argument is that a collision-avoidant AV will reduce other traffic participants’ risk of a crash or injury when interacting with them, thereby increasing the rational utility to exploit their passive stance for individual benefit, hence leading to a "freezing robot problem" in the mixed traffic of the future [TK10]. As a countermeasure, Camara and Fox [CF20] introduced a pedestrian-AV interaction model where they suggested replacing conflict-avoidant AVs with milder space-invading AVs without introducing severe crash risks, inspired by findings regarding social factors in traffic among individuals. Overall, it seems that comprehending and deciphering the established communication "norms" or "language" among traffic participants is an important step in the process of designing AVs to interact effectively with others in traffic.


With a disappearing driver in the automated vehicle, in unclear situations, humans would only have to rely on the vehicle-centric signals of the AVs. Research in pedestrian - AV interaction largely addressed this issue by exploring External Human-Machine-Interfaces (eHMIs), which could assist communication between drivers and other traffic participants, and could increase the acceptance of AVs [CN16, CTSI17, DHB+20, CBR22a]. Moreover, eHMIs have been consistently found to make people feel safer when interacting with AVs [HLA+18, DWMT19, ABSK19, DCDNV+19a]. Some other studies explored trust and overtrust of Vulnerable Road Users (VRUs) in AVs [HWB19a, FMB20, HWWR20, JCT+19]. Previous works in human-AV research have explored different types of cues in different modalities, mostly visual cues such as light strips [DHP+20] and displays [MSS18] which convey information regarding the automation status, locomotion intention of the AV such as stopping [CBR22a] or courteous behavior such as yielding [DHP+20]. The effect of those cues has been studied concerning the trust and safety perception of humans [FKB20, DML+21]. Concerning making decisions to cross a street, Dey et al. [DHB+20] and Ackermans et al. [ADR+20] found that participants’ willingness to cross remained higher when eHMIs were placed on the vehicle in comparison to the baseline condition where no eHMIs were introduced. Petzoldt et al. [PSB18a] experimented with front braking lights on vehicles. Though existing works show that deceleration distance and signaling yielding intent affect the crossing behavior and perceived safety, it remains unclear how these interfaces can be utilized the best in order to aid social interaction between AVs and humans.


1.5 Thesis Scope and Method


The motivation behind the present thesis is to provide solutions to interaction problems that humans and higher-level automated vehicles in urban mixed traffic may face. The current approach in the research domain seems to be emphasizing nonverbal vehicle-originated cues to convey the intention of movement in traffic. Even though many traffic situations are resolved through formal regulations, and informal communication through locomotion cues, certain situations require active communication of humans with each other through human-originated cues such as verbal communication, eye contact, or performing gestures and nods. The present work seeks to provide better interaction between humans and AVs even in those cases where human-to-human interaction is necessary to resolve conflicts or ambiguity, thus providing social interaction between them as the title suggests.


Most initial studies in this domain have focused on the acceptance of AVs and the feeling of safety in bystanders when they share the same traffic space with AVs. The present thesis pursues a different angle. While existing work mostly serves for the time frame of the initial deployment of AVs, our focus aims to tackle the problems of an emerging future where AVs are accepted, and their behavior is widely known and predictable among road users. Hence, our research aim is to benefit both users of AVs and the bystanders around AVs in traffic by making them more socially embedded. This way, AVs can be understood better by bystanders, while at the same time, users do not get frustrated by frequent stops that AVs have to make due to their over-cautiousness.


In the current thesis, we followed a generative design-driven and technologyfocused approach [WK16]. Generally, we used methodologies from the fields of Psychology, Sociology, Computing Science, and Design. Due to AV’s unavailability in the larger population in Germany, where we did big portions of our studies, instead of User-Centered Design, we used a combination of Design Thinking for vaguely defined problems [DAE+05] and Scenario-Based design for testing how users behave given a situation [Car03].


1.6 Research Questions, Specific Methodology and Contributions


Wobbrock and Kientz [WK16] classify HCI contributions in their work into different types. Building upon their work, the present thesis includes Empirical, Artifact, and Methodological contributions. The following paragraphs present each research question, goal, specific methodology, and contribution of the thesis.




RQ1: How can we define and measure social behavior in traffic to explore its role for road users?





Motivation: Understanding and defining social behavior in traffic is essential to inform the interaction between automated vehicles and humans. By studying social behavior, we could identify the nuanced communication patterns, gestures, and norms that govern interactions on the roadways. This understanding enables us to design automated vehicles that effectively communicate intentions, anticipate human behavior, and integrate seamlessly into the existing social fabric of traffic. Moreover, insights into social behavior can inform the development of protocols that prioritize safety, efficiency, and user experience in mixed-traffic environments. Ultimately, by defining and measuring social behavior in traffic, we pave the way for a more harmonious interaction between automated vehicles and humans on the road.


Methodology and contributions: The first research question is investigated through qualitative and quantitative methodologies used in Human-Computer interaction research. Firstly, with an ethnomethodological approach and through conversation analysis of non-verbal communication between drivers and pedestrians, explicit gesture use among drivers and pedestrians is discovered in naturalistic driving recordings (see Section 2.1). This aims at tracing the cues of social norms in traffic where formal rules vary in transparency. With this work, our contribution reveals the gesture use in traffic with different levels of ambiguity. Secondly, the present question is explored in a focus group of experts in automated driving (see Chapter 2 introduction). The focus group session aims to reveal today’s social interaction norms in traffic and road users’ expectations of the social behavior of automated vehicles in traffic, as well as measurement tools and methods for assessing and quantifying social behavior in traffic. This effort has contributed to the literature by listing key considerations of what defines prosocial behavior in traffic. Lastly, the development and validation of a quantifiable metric for assessing the social perception of road users is presented under the current research focus (see Section 2.2). Hence, with this extensive work, we contribute to the literature by creating an assessment tool to measure social behavior perception in traffic.




RQ2: What are the influences of automated vehicles on the prosocial and aggressive behavior of road users?





Motivation: Researching the influences of automated vehicles on the social behavior of road users also becomes critical for the present project. Firstly, as automated vehicles become increasingly prevalent on the roads, they introduce a novel element into the social dynamics of traffic. Understanding how the presence of automated vehicles shapes the behavior of human road users is essential for anticipating and mitigating potential challenges or conflicts that may arise. Secondly, studying the impact of automated vehicles on prosocial behavior, such as cooperation and consideration for others, is crucial for fostering a culture of safety and collaboration on the roadways. By researching these influences, we can develop strategies to promote positive interactions, enhance safety, and optimize the integration of automated vehicles within the broader context of human-driven traffic. Additionally, insights gained from this research can inform the design and implementation of policies, regulations, and technological solutions aimed at creating more inclusive, equitable, and efficient transportation environments for all road users.


Methodology and contributions: The present question seeks to explore potential changes in the social behavior of humans around automated vehicles due to various reasons such as imbalanced power dynamics between conflictavoidant automated vehicles or overreliance on automation safety. Gamification in experimental studies approach is adopted to create a test bed in virtual reality where participants are introduced with realistic costs and benefits while playing a repetitive street crossing game in front of vehicle switch different degrees of automation (see Section 3.1). Hence, we utilized a controlled experimental study to research this topic. With this work, we contribute to existing works by revealing deviant behavior around overly cautious AVs.




RQ3: What kind of design solutions can we provide for supporting prosocial behavior between AVs and human road users?





Motivation: As AV technology continues to advance, it is essential to ensure that these vehicles integrate seamlessly into existing traffic environments while fostering positive interactions among all road users. It is crucial to understand how design elements such as communication interfaces and behavioral cues can influence the behavior and perceptions of bystanders around AVs to create safe and efficient traffic flow. Moreover, research in this area may enable us to develop guidelines, standards, and best practices for the design and deployment of AVs that can operate seamlessly in traffic. Ultimately, by exploring design solutions to support prosocial behavior, we can pave the way for a future where autonomous and human-driven vehicles coexist harmoniously, contributing to safer, more sustainable, and more inclusive transportation systems.


Methodology and contributions: The final research question aims to offer solutions for promoting social behavior among humans and automated vehicles by enabling social communication between them. Firstly, we run a pilot study to reveal optimal timing for cueing necessary information with external interfaces in an online first-person street crossing game (see Section 4.1). Then, the promoting social behavior approach is tested through two research directions. Firstly, inspired by social cues today’s human drivers place on their passenger vehicles regarding different needs (i.e. baby on board), sympathy eliciting external cues on automated vehicles are tested in terms of their performance on altering the yielding behavior of drivers on a video vignette survey (see Section 4.2). With this work, we contribute to literature by exploring different external cues to successfully elicit prosocial interaction. Additionally, informed by formal regulations and guidelines on explicit communication automated vehicles may express, accentuating their locomotion intention through external displays is investigated in terms of its effect on increasing the perceived social behavior of these vehicles in an ambiguous traffic scenario. We realized this on a realistic test track study by utilizing Wizard of Oz, or more specifically, Ghost Driver method [RLS+15] (see Section 4.3). This work contributes to existing discussions in literature by revealing the effective use of locomotion intention to elevate the social perception of AVs, an easily transferrable alternative to anthropomorphism.
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1.8 Thesis Outline


In the present thesis, Chapter 1 starts with an introduction and background of the topic, explains the thesis scope and methods, and provides a thesis outline. Chapter 2 presents how social behavior in traffic unfolds through various methods by using focus groups, observation of real interaction video data, and creating a quantifiable metric for measuring social perception in traffic. Chapter 3 investigates whether individuals change their behavior when they encounter automated vehicles through gamification and simulated environments. Chapter 4 seeks an answer to facilitate social behavior between automated vehicles and humans through external communication cues, realized by test track and video vignette studies. Lastly, Chapter 5 not only presents discussion points regarding the aforementioned chapters by focusing on the essence of social behavior in traffic, social perception of automated vehicles, and enhancing social embeddedness of automated vehicles through external communication, but also touches upon future directions and summary of research contributions.
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Figure 1.2: Thesis structure and corresponding chapters for investigating each research question.
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