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NOTE 

 

Collaboration Partner 

This thesis is an industry-sponsored doctoral dissertation that was 
conducted at the Chair for Psychological Ergonomics at the University 
of Würzburg in cooperation with the Innovation Studio of the 
Mercedes-Benz AG. Mercedes-Benz is a subsidiary of the Daimler 
Group that is one of the world’s biggest manufacturer of commercial 
vehicles and premium automobiles. Within the corporation, Mercedes-
Benz controls the global business of Mercedes-Benz Cars and Mercedes-
Benz Vans with approximately 175,000 employees worldwide. The focus 
is on the development, production, and sale of cars and vans as well as 
on the provision of related products and services. In addition to the 
Mercedes-Benz brand, the product portfolio comprises the sub-brands 
Mercedes-AMG, Mercedes-Maybach, Mercedes me, smart, and EQ (for 
electric mobility products and technology). The Innovation Studio is a 
research and development department that is aimed at supporting 
product innovation processes within the corporation. For this, the 
Innovation Studio team provides methodological know-how, suitable 
premises, and material equipment for prototyping sessions, ideation 
workshops, or agile projects. For more information, see 

https://www.daimler.com/innovation/pioneering/ideation.html. 

 

Gender Disclaimer 

For the sake of readability, the male form of words is generally used in 
this thesis. However, any personal terms put down in their male form 
may refer to both female and male persons. 
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ABSTRACT 

 

Manifestations of aggressive driving, such as tailgating, speeding, or 
swearing, are not trivial offenses but are serious problems with 
hazardous consequences—for the offender as well as the target of 
aggression. Aggression on the road erases the joy of driving, affects 
heart health, causes traffic jams, and increases the risk of traffic 
accidents. This work is aimed at developing a technology-driven 
solution to mitigate aggressive driving according to the principles of 
Persuasive Technology. Persuasive Technology is a scientific field 
dealing with computerized software or information systems that are 
designed to reinforce, change, or shape attitudes, behaviors, or both 
without using coercion or deception. 

Against this background, the Driving Feedback Avatar (DFA) was 
developed through this work. The system is a visual in-car interface 
that provides the driver with feedback on aggressive driving. The main 
element is an abstract avatar displayed in the vehicle. The feedback is 
transmitted through the emotional state of this avatar, i.e., if the driver 
behaves aggressively, the avatar becomes increasingly angry (negative 
feedback). If no aggressive action occurs, the avatar is more relaxed 
(positive feedback). In addition, directly after an aggressive action is 
recognized by the system, the display is flashing briefly to give the 
driver an instant feedback on his action. 

Five empirical studies were carried out as part of the human-centered 
design process of the DFA. They were aimed at understanding the user 
and the use context of the future system, ideating system ideas, and 
evaluating a system prototype. The initial research question was about 
the triggers of aggressive driving. In a driver study on a public road, 34 
participants reported their emotions and their triggers while they were 
driving (study 1). The second research question asked for interventions 
to cope with aggression in everyday life. For this purpose, 15 experts 
dealing with the treatment of aggressive individuals were interviewed 
(study 2). In total, 75 triggers of aggressive driving and 34 anti-
aggression interventions were identified. Inspired by these findings, 108 
participants generated more than 100 ideas of how to mitigate 
aggressive driving using technology in a series of ideation workshops 
(study 3). Based on these ideas, the concept of the DFA was elaborated 
on. In an online survey, the concept was evaluated by 1,047 German 
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respondents to get a first assessment of its perception (study 4). Later 
on, the DFA was implemented into a prototype and evaluated in an 
experimental driving study with 32 participants, focusing on the 
system’s effectiveness (study 5). The DFA had only weak and, in part, 
unexpected effects on aggressive driving that require a deeper 
discussion. 

With the DFA, this work has shown that there is room to change 
aggressive driving through Persuasive Technology. However, this is a 
very sensitive issue with special requirements regarding the design of 
avatar-based feedback systems in the context of aggressive driving. 
Moreover, this work makes a significant contribution through the 
number of empirical insights gained on the problem of aggressive 
driving and wants to encourage future research and design activities in 
this regard.  



 

V 

ZUSAMMENFASSUNG 

 

Aggressives Fahren, egal ob Drängeln, Rasen oder Fluchen, ist kein 
Kavaliersdelikt, sondern ein ernstzunehmendes Problem mit 
schwerwiegenden Folgen—sowohl für den Täter als auch für das Opfer. 
Es nimmt die Freude am Fahren, beeinträchtigt die Herzgesundheit, 
verursacht Stau und erhöht das Unfallrisiko. Ziel dieser Arbeit war es 
daher nach den Prinzipien persuasiver Technologie (engl. Persuasive 
Technology) eine technische Lösung zu entwickeln, die aggressives 
Fahren verringert. Als persuasiv werden Systeme bezeichnet, die ein 
bestimmtes Verhalten oder eine bestimmte Einstellung ihres Nutzers 
verstärken, verändern oder formen, ohne dabei Zwang auf ihn 
auszuüben oder ihn zu täuschen. 

Vor diesem Hintergrund wurde im Rahmen dieser Arbeit der 
sogenannte Driving Feedback Avatar (DFA) entwickelt. Das System ist 
eine visuelle Benutzerschnittstelle im Fahrzeug, die dem Fahrer 
Rückmeldung zu bestimmten aggressiven Verhaltensweisen gibt. 
Hauptelement ist ein abstrakter Avatar, der in einem Display angezeigt 
wird. Das Feedback selbst wird durch den emotionalen Zustand dieses 
Avatars vermittelt. Verhält sich der Fahrer aggressiv, wird er 
zunehmend wütender (negatives Feedback). Legt der Fahrer hingegen 
keine aggressiven Verhaltensweisen an den Tag, zeigt sich der Avatar 
nach und nach entspannter (positives Feedback). Darüber hinaus erhält 
der Fahrer ein sofortiges Feedback, indem das Display kurz aufblinkt, 
direkt nachdem eine aggressive Handlung vom System erkannt wurde. 

Zur Entwicklung des Systems wurden, unter Einsatz 
menschenzentrierter Forschungsmethoden, insgesamt fünf empirische 
Studien durchgeführt. Diese dienten dazu, den Nutzer und den 
Nutzungskontext des zukünftigen Systems zu verstehen, Ideen für 
mögliche Systeme zu entwickeln und die finale Lösung anhand eines 
Prototypens zu evaluieren. Zunächst stand dabei die Forschungsfrage 
im Raum, welche Auslöser für aggressives Fahren es heute gibt. In einer 
Fahrerstudie auf öffentlicher Straße berichteten dazu 34 Teilnehmer 
während der Fahrt von ihren Emotionen und deren Auslösern 
(Studie 1). Die zweite Forschungsfrage ergründete Maßnahmen zur 
Bewältigung von Aggression im Alltag. Hierzu wurden 15 Experten, die 
sich beruflich mit der Behandlung von aggressiven Personen befassen, 
interviewt (Studie 2). Insgesamt konnten so 75 Auslöser aggressiven 
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Fahrens und 34 Maßnahmen zur Regulierung von Aggression im 
Allgemeinen abgeleitet werden. Inspiriert von diesen Erkenntnissen, 
entwickelten 108 Teilnehmer in einer Reihe von Workshops mehr als 
100 Ideen, wie Aggression beim Fahren, unter Einsatz von Technologie, 
verringert werden könnte (Studie 3). Basierend auf diesen Ideen, 
entstand das Konzept des DFA. In einer Onlineumfrage mit 1.047 
deutschen Teilnehmern wurde das Konzept evaluiert, um eine erste 
Bewertung der Wahrnehmung des Systems zu erhalten (Studie 4). 
Später wurde der DFA prototypisch umgesetzt und dessen Effektivität 
in einer Fahrerstudie unter experimentellen Bedingungen untersucht 
(Studie 5). Es zeigte sich, dass das System nur schwache und in Teilen 
auch unerwartete Effekte hat, die eine eingehende Diskussion 
verlangen. 

Diese Arbeit hat gezeigt, dass es möglich ist, aggressives Fahren mit 
Hilfe persuasiver Technologie zu beeinflussen. Jedoch ist dies ein sehr 
sensibles Vorhaben, das besondere Anforderungen an das Design 
Avatar-basierter Feedbacksysteme im Kontext aggressiven Fahrens 
stellt. Darüber hinaus leistet diese Arbeit vor allem aufgrund der 
gewonnenen empirischen Erkenntnisse rund um das Problem 
aggressiven Fahrens einen wichtigen Beitrag für Wissenschaft und 
Praxis und will zu weiteren Forschungs- und Designaktivitäten 
anregen. 
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1 1.1 Motivation  

I. CHAPTER 
 

INTRODUCTION 

1.1 Motivation 

White van driver Lee McClaren repeatedly crossed double 
white lines on the A361 North Devon link road as he tried to 
overtake and box in a silver Honda. He lost his temper 
because he thought he had been carved up by the other 
driver and tried to force him to stop. The dashcam in his 
Transit had a voice recorder which captured his foul 
mouthed rants during the chase. He could be heard shouting 
“I'm going to f***ing kill' him” repeatedly on the footage, 
which was shown at Exeter Crown Court. McClaren, who is 
6'4'' tall and heavily built, managed to stop Honda driver 
Luke Fisher twice. On the first occasion Mr Fisher drove 
away before he reached the car, but the second time he 
kicked dents in the doors and smashed a side window with 
his fist […]. 

McClaren, aged 35, of Moorfield Close, Exmouth, admitted 
dangerous driving and criminal damage and was jailed for 
18 weeks and banned from driving for two years by Judge 
David Evans at Exeter Crown Court. The judge told him: 
“The car driven by Mr Fisher did cut across your path a little 
abruptly, but what happened thereafter, quite frankly, has to 
be seen to be believed. There was no justification 
whatsoever for the astonishingly dangerous way in which 
you then drove. It is clear that you lost all self control and 
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were unable to master your all-consuming anger. The 
dangerousness with which you drove was breath-taking. 
You pursued Mr Fisher, who was scared and did not know 
what to do. You continued to pursue him, putting all sorts of 
people at risk. It was clearly your intention to get him out of 
his car to have some form of physical confrontation. What 
you were really after was a straightforward fist fight. There 
is no wonder he was scared. This was serious, prolonged, 
and quite deliberate aggressive driving. It as a true road rage 
incident.” (Cooper, 2020) 

This section of a newspaper article is an illustrative example of an 
extreme manifestation of aggressive driving or, in colloquial speech, 
road rage. However, aggressive driving is not always shown through 
physical violence. It also includes forms of aggression without physical 
contact (e.g., offensive tailgating or risky overtaking) and 
communicative aggression (e.g., obscene gestures or insulting words). 
Most of us are affected by aggressive driving, either as the aggressive 
offender or as a victim (AAA Foundation for Traffic Safety, 2016). Some 
of us, however, are more likely to behave aggressively behind the wheel 
than others. “The ones most likely to run a red light, not give way to 
pedestrians and generally drive recklessly and too fast were often the 
ones driving fast German cars,” says Jan-Erik Lönnqvist, professor of 
social psychology at the University of Helsinki (Gröning, 2020). In their 
study “Not Only Assholes Drive Mercedes”, Lönnqvist, Ilmarinen, and 
Leikas (2019) found out that regardless of income, disagreeable men and 
conscientious people in general were particularly likely to drive high-
status cars, such as Audi, BMW, Jaguar, Lexus, or Mercedes-Benz. By 
implication, drivers of powerful cars were more likely to behave 
aggressively behind the wheel. Besides, other personality attributes, 
such as a macho attitude or younger age, also correlate with aggressive 
driving (Krahé & Fenske, 2002).  

Whether you are the aggressor or the target, there are hazardous 
consequences for both sides on a social and individual level. On the 
social level, aggressive driving has an impact on the number of traffic 
accidents and the formation of congestion. Every year, the German 
Federal Statistical Office publishes the number of driver-related causes 
of traffic accidents with personal injury, considering drunk driving, 
improper road use, inappropriate speed, insufficient distance, 
overtaking mistakes, failure to yield right of way, turning off mistakes 

https://www.helsinki.fi/en/people/people-finder/jan-erik-lonnqvist-9083992
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or mistakes in starting off or entering the road from premises, and 
improper behavior toward pedestrians (Statistisches Bundesamt, 2019a). 
In 2018, 368,559 incidents were registered. In relation to the number of 
people with a driving license, around one out of 150 drivers is a victim 
of aggressive driving (Statistisches Bundesamt, 2020a). Moreover, there 
is a positive relationship between the annual kilometers of congestion 
and the number of registered speeding violations (Figure 1.1.1), with a 
radical decrease in the last decade (Statistisches Bundesamt, 2019b, 
2020c). 

 

 

Figure 1.1.1. Development of congestion and speeding violations in Germany 
(Statistisches Bundesamt, 2019b, 2020c). 

On the individual level, aggressive driving has serious health-related 
consequences that go beyond the injuries of a traffic accident. For 
example, as the University of the Sunshine Coast revealed, there is a 
link between aggressive driving and cardiovascular diseases (Yagana, 
2016). In a study, participants driving in a driving simulator were 
exposed to other drivers who were either aggressive or considerate. 
Considerate drivers had a positive effect on the participants, so that 
they also drove considerately and had a low level of stress. In contrast, 
aggressive drivers caused participants to make driving errors and 
increased their stress level. This kind of stress is associated with higher 
resting blood pressure, which contributes to cardiovascular diseases and 
other health problems in the long-term. 
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Various measures have already been developed to counteract aggressive 
driving, such as speeding cameras and speed limits (Zeit, 2020), 
intelligent speedometers that automatically report violations to the 
police (Lobe, 2020), or insurance programs that track one’s driving 
behavior and offer lower premiums for “good drives” (Kern, 2013). 
However, these interventions are based on coercion, deception, or 
material inducement, which contradicts the fundamental human need 
for freedom (Brehm, 1966). Moreover, they only have short-term effects. 
For instance, near the speeding camera, people tend to drive even below 
the posted speed limit. As soon as the surveillance has been passed, 
drivers start to exceed the speed limit again (Mäkinen et al., 2003). In 
conclusion, aggressive driving is a serious problem that has to be 
solved. Existing interventions are ineffective and not human-centered, 
which calls for an alternative solution. 

1.2 Research Objective 

Following the previous considerations, there is the need to find a 
solution that mitigates aggressive driving without using coercion, 
deception, or material inducement. Thus, this work is situated in the 
field of Persuasive Technology that deals with technology that is 
designed to cause voluntary changes in one’s attitude or behavior 
(Oinas-Kukkonen & Harjumaa, 2008). Accordingly, the research 
objective is to develop a Persuasive Technology solution to effectively 
mitigate aggressive driving. Due to the author’s scope of research on 
Human-Computer-Interaction (HCI) in the automotive domain, the car 
is considered as a platform for this purpose. The use context and the 
user of the future system are specified as follows: 

(i) The context of use is the road with a special focus on the 
highway. The decision for this type of road was made because it 
is assumed that accidents caused by aggressive driving are more 
severe the faster people drive (European Commission, 2018).  

(ii) The user refers to “normal” people who behave aggressively 
from time to time while driving a car and excludes pathologically 
or criminally aggressive individuals. 

After the subjects of research, i.e., the phenomenon of aggressive 
driving and the idea of Persuasive Technology, have been theoretically 
discussed, several empirical studies are conducted to address the 



 

 

5 1.3 Overview  

research objective. By this, this work is aimed at providing a prototype 
that makes the future system tangible.   

1.3 Overview 

Following this introduction, chapter II provides the theoretical 
foundations and underlying assumptions of this thesis by reviewing 
relevant literature on aggressive driving and Persuasive Technology. A 
model of the formation and change of aggressive driving and central 
approaches from Persuasive Technology are introduced. The chapter 
also presents related work focusing on technical and non-technical 
interventions to change negative driving behavior. In conclusion, the 
research and design activities conducted within this work and the initial 
research questions are outlined.  

Chapters III to VII describe the empirical studies conducted within this 
thesis. Chapter III is aimed at identifying the emotional triggers of 
aggression in modern driving. For this purpose, a naturalistic driving 
study in real traffic was conducted, in which participants were asked 
about negative and positive emotional experiences and their triggers 
while driving (study 1). As a result, a comprehensive overview of 
aggressive driving triggers is presented. 

Chapter IV asks for strategies people use to regulate aggression in 
everyday life. In order to identify effective anti-aggression 
interventions, 15 experts concerned with human aggression 
professionally (e.g., psychotherapists, probation officers, martial artists) 
were interviewed (study 2). The outcome of this investigation is a 
classification scheme of anti-aggression interventions, including 
illustrative and extraordinary examples.  

Chapter V presents the results of six ideation workshops, in which 
participants generated innovative ideas to mitigate aggressive driving 
(study 3). The ideas are summarized and assessed by an expert panel in 
terms of their innovative potential. 

The author of this thesis elaborates the ideas gained in the workshops. 
As a result, the Driving Feedback Avatar (DFA) concept is introduced in 
chapter VI. The concept describes an in-vehicle system that provides the 
driver with feedback on his driving performance with a special focus on 
aggressive driving. At the end of the chapter, the concept is evaluated 
in an online survey (study 5). 
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In chapter VII, the DFA is evaluated in more detail. For this, a driving 
study in real traffic was conducted (study 6). Using a within-subjects 
design, participant drivers completed a test drive with and without a 
prototype of the system, while their driving behavior was logged. Based 
on this data, the perception and effectiveness of the DFA within both 
conditions was compared.  

Finally, chapter VIII reviews the empirical part of this thesis and 
highlights the main contributions to research and practice. The chapter 
closes by pointing to future directions and providing design 
implications for future systems.  
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II. CHAPTER 
 

THEORETICAL BACKGROUND 

2.1 Aggressive Driving 

The current hot issue in driver behavior and traffic safety is 
“Aggressive Driving”, also known as “Road Rage.” I believe 
that what we are dealing with is an old issue but on a scale 
that is new and bigger than ever before. The old issue is that 
of aggressive drivers, and the new phenomenon is that of 
ubiquitous aggressive driving that we see all around us. 
(Shinar, 1998, p. 138) 

This statement—which was claimed over 20 years ago—demonstrates 
that the problem of aggressive driving is not new. A number of 
definitions have emerged over time, making aggressive driving a loose 
and inconsistently used construct in the scientific literature and 
everyday language (Dula & Geller, 2003). The following sections 
address this definitional ambiguity and explain how overt aggression 
behind the wheel arises and how it can be mitigated. 

2.1.1 Definitional Ambiguity of Aggressive Driving 

The understanding of aggressive driving that underlies the present 
work refers to the definition of Shinar (1998), who describes the 
phenomenon as 
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a syndrome of frustration-driven instrumental behaviors 
which are manifested in: (a) inconsiderateness toward or 
annoyance of other drivers (tailgating, flashing lights, and 
honking at other drivers), and (b) deliberate dangerous 
driving to save time at the expense of others (running red 
lights and stop signs, obstructing path of others, weaving). 
(p. 139) 

This definition is founded on the distinction between instrumental and 
hostile aggression (Baron & Byrne, 1987). The definition of aggressive 
driving, as mentioned above, is about the former. Instrumental 
aggression includes all actions that an aggressor assumes will help him 
to move ahead by overcoming a frustrating obstacle. Accordingly, 
neither driving at high speed through a thrilling curve nor speeding in 
the absence of traffic are manifestations of aggressive driving, as none 
of these situations includes an obstacle (Shinar, 1998). In this definition, 
not only the presences of an obstacle, but also the judgement of others, 
who are (accidentally) affected by the behavior, play an important role. 
Thus, even if a driver does not perceive his behavior as aggressive, it is 
a manifestation of aggressive driving if others assess the behavior as 
inconsiderate, annoying, or dangerous. In contrast to instrumental 
aggression, hostile aggression does not solve a problem but makes the 
aggressor feel better. Shinar (1998) labels this kind of behavior as “road 
rage” and defines it as 

hostile behavior that are purposefully directed at other road 
users. These can be either driving behaviors (e.g., 
purposefully slowing a following vehicle or colliding with a 
lead vehicle) or non-driving behaviors (e.g., physically 
attacking someone). (p. 139) 

Aggressive driving and road rage are treated as two distinct constructs 
that mainly differ in whether the aggressive action is at the expense of 
arbitrary and uninvolved others (aggressive driving) or purposefully 
directed at the source of frustration (road rage). 

A more narrow definition of aggressive driving is provided by Doob 
and Gross (1968). The researchers use the latency to honk as an 
operational definition of the construct. In their experiments, participant 
drivers were frustrated by an experimenter driver in a high-status car 
(Chrysler) or low-status car (Ford or Rambler) honking at them. Doob 
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and Gross (1968) assumed that the higher the status of honking driver 
(i.e., the aggressor), the more power he has to execute sanctions, which, 
in turn, prevents the target of aggression from responding in an 
aggressive manner. The aggressive response was operationalized as 
honking the horn against the aggressor. In this context, horn-honking is 
a type of instrumental behavior. Supporting their hypothesis, the 
researchers found out that low-status vehicles caused more horn-
honking responses than high-status vehicles. 

More generally, Dula and Geller (2003) define aggressive driving as 
“any behavior emitted by a driver while driving, that is intended to 
cause physical and/or psychological harm to any sentient being” 
(p. 559). The behavior might be directed at other motorists, passengers, 
or pedestrians and includes physical, verbal, and gestured aggression. In 
line with Shinar (1998), the authors emphasize that there are driving 
behaviors that are improperly labeled aggressive in the literature, above 
all, road rage and risky driving. While aggressive driving is 
characterized by the intent to harm, road rage strongly relates to the 
experience of negative emotions such as frustration, anger, sadness, 
dejection, or jealousy. Risky driving is linked to an individual’s risk-
taking tendencies and occurs without the experience of negative 
emotions or the intent to harm. 

Aggressive driving can also be understood as “a pattern of unsafe 
driving behavior that puts the driver and/or others at risk” (Houston, 
Harris, & Norman, 2003, p. 270). Risk is operationalized by the 
occurrence of traffic accidents and violations. Again, this definition 
explicitly excludes the experience of negative emotions or the intent to 
harm. As a counterpart to unsafe driving, the authors define safe 
driving as “a pattern of safe driving behaviors that potentially protect 
the well-being of passengers, other drivers, and pedestrians, and that 
promotes effective cooperation with others in the driving environment” 
(Harris et al., 2014, p. 2). 

Also, the National Highway Traffic Safety Administration distinguishes 
between aggressive driving and road rage. Aggressive driving is seen as 
a traffic offense, specified as “the operation of a motor vehicle in a 
manner which endangers or is likely to endanger people or property” 
(Stuster, 2004, p. 1). This definition refers to behaviors such as following 
too closely, driving at excessive speeds, weaving through traffic, and 
running a stop sign. Road rage is a criminal offense, more precise, “an 
assault with a motor vehicle or other dangerous weapon by the 
operator or passenger(s) of another motor vehicle or an assault 
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precipitated by an incident that occurred on a roadway” (McCartt, Leaf, 
Witkowski, & Solomon, 2001, p. 1).  

Finally, aggressive driving as an instrumental behavior needs to be 
distinguished from aggressive driving as a personality trait (Shinar, 
1998). In this context, there is a close association between aggressive 
driving and trait driving anger. Based on the state-trait theory, it is 
assumed that drivers who have “a predisposition to experience more 
frequent and intense state anger across a large variety of driving 
situations” (Deffenbacher, Lynch, Oetting, & Yingling, 2001, p. 434) are 
more likely to behave aggressively in response to these situations. This 
can be explained by the fact that the emotional arousal has a significant 
impact on the aggressor’s perception and performance so that 
situations are rated more frustrating than they are and that behavior is 
enacted more extremely than it should. 

In conclusion, aggressive driving is understood as frustration-driven 
instrumental aggression and has to be distinguished from similar 
constructs such as road rage, risky and unsafe driving, or aggressive 
driving as a personality trait (Shinar, 1998). This type of aggression can 
not only be observed in violent, criminal, or mentally disturbed 
individuals but also in “normal” people, who behave aggressively from 
time to time while driving a car. Important to note, all definitions 
presented relate to intentional behavior and thus exclude aggression as 
a consequence of medical and drug-related influences, poor mental 
conditions, or human errors. 

2.1.2 Model of Aggressive Driving  

Besides a definition of aggressive driving, Shinar (1998) also developed 
a multi-factor model of aggressive driving that systematically describes 
the formation and change of aggression behind the wheel. The model is 
based on the frustration-aggression hypothesis. In the following sections, 
the frustration-aggression hypothesis and its evolution as well as the 
multi-factor model of aggressive driving are discussed.  

Frustration-Aggression Hypothesis  

The frustration-aggression hypothesis, also known as the frustration-
aggression theory, was originally proposed by Dollard, Miller, and Doob 
(1939) and is one of the most influential explanations of aggressive 
behavior in social science (Breuer & Elson, 2017). In its original 

https://www.britannica.com/topic/social-science
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formulation (Figure 2.1.1), the hypothesis includes two very strict 
statements, stating that “aggression is always preceded by frustration” 
and “frustration always leads to aggression” (Dollard et al., 1939, p. 1). 
Frustration is defined as “an interference with the occurrence of an 
instigated goal-response at its proper time in the behavior sequence” 
(Dollard et al., 1939, p. 7). This definition negates the emotional 
experience associated with the interference and characterizes 
frustration by objective criteria, such as the personal relevance and 
desirability of the goal, the likelihood to achieve the goal, or the level of 
self-efficacy (Breuer & Elson, 2017). Aggression includes all behavior 
with the intent to harm a target, which can be the legitimate source of 
the frustration as well as something or someone not responsible for the 
interference, referring to the concept of displaced aggression (Breuer & 
Elson, 2017; Dollard et al., 1939).  

 

 

Figure 2.1.1. The original frustration-aggression hypothesis proposed by Dollard et al. 
(1939; top) and its reformulation proposed by Berkowitz (1989; bottom). 

Despite its impact on the social sciences, the original frustration-
aggression hypothesis has been strongly criticized due to its claimed 
universal validity, which is why it was later revised (Breuer & Elson, 
2017). One of the most influential reformulations was coined by 
Berkowitz (1989). Most radical, he assumes that a goal-blocking 
stimulus only leads to aggression if it is accompanied by a negative 
emotional experience (Breuer & Elson, 2017). In doing so, Berkowitz 
(1989) completely redefined the understanding of frustration. 
Consequently, the relationship between frustration and aggression can 
be described as a multi-stage model, according to which frustration 
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causes a negative emotional state, which, in turn, results in aggressive 
inclinations and subsequent aggressive behavior.  

Multi-Factor Model of Aggressive Driving  

Based on the frustration-aggression hypothesis, Shinar (1998) developed 
the multi-factor model of aggressive driving (Figure 2.1.2). At the core 
of this model, there is a situational source of frustration that prevents 
the driver from meeting his primary driving goal that is moving ahead 
with minimum delay (and some pleasure). A frustrating source might be 
another road user (e.g., slow vehicle ahead), an object (e.g., red traffic 
light), or an event (e.g., congestion). As these examples suggest, in the 
context of driving, most sources of frustration are associated with time 
pressure. However, an obstacle does not necessarily lead to aggression. 
Shinar (1998) illustrates this point as follows: 

A driver stopped at a signalized intersection behind another 
car. While the traffic light is red, the driver’s desire to move 
ahead is frustrated, but the stopping of the car ahead is 
legitimate so no aggressive behavior ensues. If the lead 
driver does not proceed to move once the light changes to 
green then there is no legitimacy to the frustration, and the 
driver then has a disposition to honk. (p. 140) 

This example shows that predisposing factors, including environmental 
factors (e.g., legitimacy, anonymity, and reduced communication 
between road users) and personality factors (e.g., extraversion, hostility, 
or other emotions), mediate a driver’s aggressive disposition. If he does 
not have the mental, physical, or situational capability to enact this 
disposition— for example, due to cultural norms or legal restrictions—
the aggression is enacted at other places or times, referring to the 
concept of displaced aggression. If the driver has the required 
capabilities, he determines a target at which the aggressive behavior is 
directed. This might be the perceived source of frustration, referring to 
hostile aggression or road rage, or arbitrary and uninvolved others, 
referring to instrumental aggression. 

The major assumption proposed by Shinar (1998) is that aggressive 
driving can be mitigated in two ways. On the one side, behavior change 
interventions can have a direct impact on the behavior, such as legal 
measures. On the other side, aggressive driving can also be changed 
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indirectly by preventing, manipulating, or removing the source of 
frustration. Shinar (1998) places special emphasis on the indirect route 
and the sources of frustration, assuming that situational conditions 
change over time rather than a driver’s personality. He raises the 
questions of “why drivers in general are more aggressive now than 
before and what can be done (not necessarily to the drivers) to 
ameliorate the situation” (p. 142).  

 

 

Figure 2.1.2. Multi-factor model of aggressive driving according to Shinar (1998). 

2.1.3 Summary 

Aggressive driving is an ambiguous construct in the scientific literature 
and everyday language that has to be differentiated from similar 
constructs such as road rage, risky, and unsafe driving, as well as 
aggressive driving as a personality trait. In the present work, aggressive 
driving is defined as “a syndrome of frustration-driven instrumental 
behaviors which are manifested in: (a) inconsiderateness toward or 
annoyance of other drivers […] and (b) deliberate dangerous driving to 
save time at the expense of others […]” (Shinar, 1998, p. 139). In line 
with this definition, Shinar (1998) introduced the multi-factor model of 
aggressive driving. According to this model, aggressive driving is a 
response to a source of frustration in the driving situation. Someone or 
something is frustrating when it blocks the driver’s goals. This source 
of frustration is characterized by objective criteria as well as a negative 
emotional experience evoked by the blockage (Berkowitz, 1989; Dollard 
et al., 1939). The major conclusion of Shinar (1998) is that aggressive 
driving can be reduced directly by changing the driver’s behavior, or 
indirectly by preventing, manipulating, or removing the source of 
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frustration. Both ways to change aggressive driving constitute the 
underlying theoretical assumptions of this work. It has to be 
emphasized that this work does not strive to test these assumptions 
empirically. Rather, Shinar’s (1998) model strengthens the present 
understanding of aggressive driving and indicates factors that have to 
be considered when developing a system to mitigate aggressive driving. 

2.2 Persuasive Technology 

It is clear that aggressive driving is an undesired behavior that should 
be changed. Whenever a party seeks to change the way another party 
acts, thinks, or feels, we are talking about influence (Miller, 2013). 
Persuasion is one form of influence that is characterized by the intent to 
influence and the voluntary nature of the intended change. Thus, 
unintended consequences are not considered persuasive, and 
persuasion clearly differs from behavioral changes resulting from 
coercion and deception, group pressure, or material inducement (Fogg, 
1998; Simons & Jones, 2011). In the public and scientific context, 
persuasive attempts are mainly directed at behaviors that cause social 
problems. For example, persuasion “happens” when the health industry 
launches an anti-smoking campaign, a politician fights for voters, or a 
therapist counsels a criminal offender (Simons & Jones, 2011).  

Human communication as well as HCI can have persuasive purposes. In 
the case of HCI, a person can be persuaded by another person using 
computer-mediated communication, speaking of computer-mediated 
persuasion, or by a system he is interacting with, referring to human-
computer persuasion (Harjumaa & Oinas-Kukkonen, 2007). There is a 
growing number of interactive systems that are designed to influence 
user attitudes or behavior for the better in various domains such as 
health and wellness (Orji & Moffatt, 2018), physical activity (Matthews, 
Win, Oinas-Kukkonen, & Freeman, 2016), or sustainable mobility 
(Anagnostopoulou, Bothos, Magoutas, Schrammel, & Mentzas, 2016). 
These systems are a manifestation of Persuasive Technology that is 
defined as “computerized software or information systems designed to 
reinforce, change or shape attitudes or behaviors or both without using 
coercion or deception” (Oinas-Kukkonen & Harjumaa, 2008, p. 202). 
Accordingly, a persuasive system can have three potentially successful 
outcomes: reinforcing a present attitude or behavior, changing an 
individual’s reaction to something or someone, or shaping a new 
attitudinal or behavioral pattern for a specific situation.  
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As a relatively young scientific discipline, Persuasive Technology 
benefits from what is known about how to change attitudes and 
behaviors from the behavioral and social sciences (Oinas-Kukkonen & 
Harjumaa, 2008; Simons & Jones, 2011). Thus, before the conceptual 
approaches of Persuasive Technology that underpin the present 
research are introduced, the traditional approaches they are built upon 
are investigated. An overview of the reviewed approaches and their 
interplay is shown in Figure 2.2.1. 

 

 

Figure 2.2.1. Theoretical and conceptual approaches reviewed in this work. 

2.2.1 Behavior Change in Social Psychology 

Models, approaches, and theories from social psychology prepared the 
ground for Persuasive Technology. Among these, especially (i) the 
reasoned action approach (Fishbein & Ajzen, 2010) and (ii) the 
elaboration likelihood model (Petty & Cacioppo, 1986) provided 
important theoretical foundations. Both are detailed below.  

Reasoned Action Approach 

In 1967, Fishbein claimed that behavior follows intentions, which are 
formed by the attitude toward the behavior and perceived norms 
(Fishbein, 1967). Refining this relationship by considering the influence 
of individual differences on intentions, Fishbein and Ajzen (1975) 
introduced the theory of reasoned action. Later on, Ajzen (1985)
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intentions, attitude, and behavior is described with the reasoned action 
approach (Fishbein & Ajzen, 2010).  

 

 

Figure 2.2.2. Reasoned action approach according to Fishbein and Ajzen (2010). 

According to the reasoned action approach, human social behavior is 
based on the behavioral, normative, and control beliefs an individual 
has about the behavior in question (Figure 2.2.2). These beliefs are 
acquired through past experiences and influenced by individual 
differences, such as demographic characteristics, personality traits, or 
mental and physical conditions. Behavioral beliefs relate to the positive 
and negative consequences the individual expects from the enactment 
of the behavior, which, in turn, form his attitude toward the behavior. 
Normative beliefs are based on what the individual believes that 
relevant others think of the behavior. These beliefs determine the 
individual’s perceived norms, which are experienced as social pressure 
to perform (or not perform) the behavior. Finally, control beliefs refer to 
the personal and situational capability to perform the behavior. 
Depending on whether the conditions are facilitating or inhibiting, they 
lead to a high or low level of perceived behavioral control. In 
combination, the attitude toward the behavior, the perceived norms, 
and the perceived behavioral control emerge in the behavioral intention 
to perform the behavior. In the last instance, the actual control, which is 
determined by mental, physical, and environmental constraints, 
moderates whether the behavior is enacted or not (Fishbein & Ajzen, 
2010).  

In Persuasive Technology, the reasoned action approach and its 
derivatives explain how technology can change behavior by applying 
mechanisms known from social psychology, such as expectancy-value 
models and social dynamics.  
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Elaboration Likelihood Model 

The elaboration likelihood model (ELM; Petty & Cacioppo, 1986) is a 
process model for persuasion that originated in social psychology as a 
type of dual-process theory. Dual-process theories, in general, propose 
that stimuli can be processed in two different ways that are usually 
associated with a higher or lower level of human thinking. Dual-process 
theories can be found everywhere in psychology, economics, and 
sociology. Depending on the discipline, different labels are used to 
describe the dichotomy of processing, differentiating between 
automatic and controlled, direct and indirect, explicit and implicit, 
heuristic and analytic, or unconscious and conscious processes 
(Frankish, 2010; Gawronski & Creighton, 2013).  

The ELM proposes two distinct routes to process a persuasive message 
(Figure 2.2.3): central or peripheral (Petty & Cacioppo, 1986). Which 
route of persuasion the persuadee takes, depends on his motivation and 
ability to elaborate the arguments of the message, which constitutes the 
elaboration likelihood. The individual’s motivation and ability are 
determined by current conditions such as the personal relevance of the 
message (motivation) or the availability of cognitive resources (ability). 
If the elaboration likelihood is high, the central route is used. In this 
route, information is systematically processed, which results in stable 
changes in behavior or attitude. If the elaboration likelihood is low, the 
individual takes the peripheral route. By this, the processing of the 
message mainly relies on heuristics and other cognitive shortcuts that 
are triggered by simple environmental cues (e.g., an attractive source). 
In contrast to the central route, the peripheral route leads to rather 
unstable changes (Petty & Cacioppo, 1986). 

 

 

Figure 2.2.3. Elaboration likelihood model according to Petty and Cacioppo (1986). 
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The ELM provides a relevant theoretical foundation for many modern 
Persuasive Technology approaches. It helps to understand a user’s 
motivation and ability to process a persuasive message and to 
determine the proper information he needs for this purpose. 

2.2.2 Behavior Change through Persuasive Technology 

Although traditional approaches from social psychology have affected 
the study of persuasion in systems, they are not directly applicable in 
HCI. Therefore, individual approaches, frameworks, and models have 
emerged in Persuasive Technology. Two of the most common ones are 
(i) the work of Fogg, summarized under the term Captology (Fogg, 
1998), and (ii) the persuasive system design model (Oinas-Kukkonen & 
Harjumaa, 2009). Based on these approaches, domain-specific 
derivatives and new directions were developed, such as (iii) the 
persuasive interface design framework in the automotive domain 
(Paraschivoiu, Meschtscherjakov, Gärtner, & Sypniewski, 2019), and (iv) 
the concept of Gamification as a persuasive approach. 

Captology 

According to Fogg (1998), “a persuasive computer is an interactive 
technology that attempts to change attitudes or behaviors in some way” 
(p. 225). Following this definition, he introduced the term Captology as 
“the study of computers as persuasive technologies” (Fogg, 1998, p. 225). 
Captology combines many different ideas from media psychology, 
above all, the media equation hypothesis that assumes that people treat 
computers, television, and other new media like human beings (Reeves 
& Nass, 1996). Moreover, Captology incorporates basic principles of 
social psychology, such as the use of praise, the enhancement of 
affiliation and similarity, the stimulation of personality traits, or the 
principle of reciprocity (Atkinson, 2006). In one of his first papers on 
Captology, Fogg (1998) proposes five perspectives on persuasive 
computers that essentially inspired the Persuasive Technology 
community: (i) definition of persuasive computers, (ii) functional view 
of persuasive computers, (iii) levels of analysis for Captology, (iv) 
design space for Captology, (v) ethics of computers that persuade. 

(i) Definition of persuasive computers: Fogg (1998) defines 
persuasive computers as “an interactive technology that attempts 
to change attitudes or behaviors in some way” (p. 225). This 
definition emphasizes the intent to change as a central 
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characteristic of Captology. There are three types of persuasive 
intent, each referring to the force that triggers the change: 
endogenous, exogenous, and autogenous. Accordingly, the force 
can be the system designer (endogenous), the person who 
distributes the system (exogenous), or the individual himself 
(autogenous).  

Functional view of persuasive computers: the second 
perspective includes the fundamental framework of Captology, 
the functional triad. The framework describes the different roles a 
persuasive computer can have from the perspective of its user: 
tool, medium, or social actor. Tools increase a person’s ability to 
do things or makes things easier to do. Fogg (2003) defined seven 
types of persuasive tools, each associated with a persuasive 
principle that simplifies a task: (i) reduction (narrowing complex 
activities to simple steps), (ii) tunneling (guiding through a 
sequence of actions), (iii) tailoring (providing relevant and 
personalized information), (iv) suggestion (providing advice 
about appropriate behavior), (v) self-monitoring (providing 
information on performance and progress), (vi) surveillance 
(others monitoring an individual’s performance and progress), 
and (vii) conditioning (using positive reinforcement). As a 
medium, the computer uses the persuasive power of simulations. 
There are three types of simulations that foster behavior change 
(Fogg, Cuellar, & Danielson, 2002): simulated cause-and-effect 
scenarios that show the consequences of a certain behavior (e.g., 
smartphone apps showing the future self), simulated 
environments that expose users to new surroundings (e.g., virtual 
reality treatments to reduce phobias), or simulated objects from 
real life (e.g., virtual pets). As a social actor, the computer 
attempts to create a social relationship with the user to provide 
social support, be a role model, or leverage social norms (Fogg et 
al., 2002). In order to be perceived as social, the computer needs 
to embody animate characteristics (e.g., physical features or 
emotions), play animate roles (e.g., assistant or pet), or adapt 
social rules (e.g., greetings or apologies). 

(ii) Levels of analysis for Captology: the third perspective 
describes the different levels of analyzing both computer use and 
change processes. Beyond the individual level, persuasive 
computers can be analyzed on an intra-individual, inter-
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individual (e.g., dyads, couples, or friends), family, group, 
organizational, community, or societal level. 

(iii) Design space for Captology: the fourth perspective outlines 
the design space for Captology by exemplifying issues in domains 
such as safety, environment, or personal management. Today, 
there are far more issues and domains than proposed in the 
earlier works of Fogg (1998), such as disease management (e.g., 
managing diabetes better), community involvement and activism 
(e.g., volunteering at a community center), or commerce (e.g., 
buying a certain product; Fogg et al., 2002). 

(iv) Ethics of computers that persuade: the fifth and final 
perspective addresses the ethics of persuasive computers. In 
general, ethical problems arise when the intent of a persuasive 
system interferes with user intent. This perspective is not 
deepened here. However, other authors have extensively 
discussed the ethical shortcomings of Captology (Atkinson, 2006). 

Although the work of Fogg, especially the functional triad, pioneered 
Persuasive Technology, its design focus and the omission of significant 
user involvement is regarded as a serious oversight (Atkinson, 2006).  

Persuasive Systems Design Model 

One of the most recent and relevant models in Persuasive Technology is 
the persuasive systems design model (PSDM) proposed by Oinas-
Kukkonen and Harjumaa (2009). Providing the definition of Persuasive 
Technology for the present work, the authors define persuasive systems 
as “computerized software or information systems designed to 
reinforce, change or shape attitudes or behaviors or both without using 
coercion or deception” (Oinas-Kukkonen & Harjumaa, 2008, p. 202). In 
contrast to Captology, the PSDM not only helps to systematically 
understand, design, and evaluate Persuasive Technology but also 
specifies what kind of content and functionality the final system should 
entail. As depicted in Figure 2.2.4, the PSDM describes the study of 
Persuasive Technology as a three-step process. The process starts with 
(i) the understanding of the key issues behind the persuasive system, 
continues with (ii) the analysis of the persuasion context, and concludes 
with (iii) the design (or evaluation) of future (or present) system 
requirements (Oinas-Kukkonen & Harjumaa, 2009). 
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Figure 2.2.4. Persuasive systems design model according to Oinas-Kukkonen and 
Harjumaa (2009). 

The key issues are manifested in seven postulates, which a system 
designer needs to comply with when developing or evaluating a 
persuasive system (Oinas-Kukkonen & Harjumaa, 2009, p. 487). (i) First 
of all, “information technology is always on” so that persuasion is an 
on-going process. (ii) Second, “people like their views about the world 
to be organized and consistent.” It is assumed that the commitment to 
the persuasive system results from regular and meaningful interactions 
and the more committed a user is to a system the more likely he will be 
persuaded by it. (iii) Referring to the ELM (Petty & Cacioppo, 1986), the 
third postulate implies that “direct and indirect routes are key 
persuasion strategies.” Both routes can be supported by system features 
that trigger either the deeper evaluation of a message or cognitive 
shortcuts. (iv) According to the fourth postulate, stating that 
“persuasion is often incremental,” it is easier to initiate a behavioral 
change by enabling the individual to make single steps toward the 
target behavior. (v) The fifth postulate claims that “persuasion through 
persuasive systems should always be open,” implying that the 
designer’s intent has to be clear. (vi) Sixth, “persuasive systems should 
aim at unobtrusiveness” to avoid interferences with the primary task. 
(vii) Finally, it is claimed that “persuasive systems should aim at being 
both useful and easy to use” to satisfy user needs.  

In the second step of the PSDM, the persuasion context is analyzed, 
including the intent of persuasion, the persuasion event, and the 
persuasive strategy. Considering the intent, the persuader and the 
change type are distinguished. As described by Fogg (1998), the 
persuader can be endogenous, exogenous, or autogenous, and he can 
attempt to change attitudes or behavior. The persuasion event includes 
the use context (i.e., features of the problem domain in which the 
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system is used), the user (i.e., individual differences), and the 
technology context (i.e., strengths, weaknesses, risks, and opportunities 
of the technology behind the system). Finally, the strategy refers to the 
content and format of the persuasive message and the route that the 
persuadee takes according to the ELM (Petty & Cacioppo, 1986). The 
decision about whether a user chooses the central or peripheral route 
can be influenced by using proper system features such as simple cues 
to handle the abundance of information in the peripheral route (Oinas-
Kukkonen & Harjumaa, 2009).  

In the last step, the PSDM suggests 28 persuasive principles that might 
motivate attitudinal or behavioral changes and that can be seen as 
system requirements of effective Persuasive Technology. The collection 
of principles is inspired by Fogg (2003) and serves four categories: 
primary task, dialogue, credibility, and social support. Primary task 
support principles help the user to perform a task and relate to 
functional parts of the system (e.g., self-monitoring to keep track of 
one’s performance and progress). Dialogue support principles foster the 
interaction between the user and the system (e.g., reminders of the 
target behavior). Credibility support principles propose design elements 
to increase the system’s credibility (e.g., a system that incorporates 
expertise). Finally, social support principles leverage social influence, 
for example, by triggering the human need for competition (Oinas-
Kukkonen & Harjumaa, 2009).  

Like the work of Fogg (2003), the PSDM is a generic approach that is 
suitable for a variety of domains. However, there are persuasive 
contexts with special requirements, such as driving a car, that require 
an adapted approach. One such approach is the persuasive interface 
design framework in the automotive domain (Paraschivoiu et al., 2019), 
which is described in the following section. 

Persuasive Interface Design in the Automotive Domain Framework 

Based on the PSDM, the persuasive interface design framework in the 
automotive domain (PIDAF; Paraschivoiu et al., 2019) is a framework to 
support designers in designing automotive interfaces, generating 
system ideas, or identifying blind spots for research and development. 
For this, the four-level framework provides choices (i) to define the 
intent of the system, (ii) to determine relevant cues and (iii) persuasive 
principles, and (iv) to specify the final design of the system (Figure 
2.2.5).  
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The intent is defined by the aim of the system and the domain in which 
it is used. In the automotive domain, persuasion can be aimed at 
changing attitudes or behaviors that are associated with safe driving, 
ecological driving, or another driving-related domain.  

Cues are system features that trigger the intended change. They can be 
specified by four features: psychological cues, verbal cues, social 
dynamics, and Gamification. Psychological cues differ in whether they 
are consciously or unconsciously perceived and processed by the driver. 
Verbal cues refer to the use of language, both written and spoken. 
Given different types of social dynamics, the interface can be designed 
as a single or multi-user solution and it can trigger competition or 
cooperation. Gamification refers to the implementation of design 
elements used in games (Deterding, Dixon, Khaled, & Nacke, 2011). The 
idea of using the principle of Gamification for the purpose of 
persuasion is deepened in the following section 2.2.2 Behavior Change 
through Persuasive Technology: Gamification as a Persuasive Approach. 

 

 

Figure 2.2.5. Persuasive interface design framework in the automotive domain 
according to Paraschivoiu et al. (2019). 

Principles are universal rules that guide human behavior and that can 
be translated into system specifications. Here, the PIDAF adapts the 
seven persuasive principles of Fogg (2003), i.e., reduction, tunneling, 
tailoring, suggestion, self-monitoring, surveillance, and conditioning. 
As no principle alone explains what causes a behavior change, a 
designer might choose several that are tailored to the system in 
question.  

Intent Cues DesignPersuasive principles

Ambience

Representation

Feedback

Integration

Modality

Visualization

Placement

Frequency

Mobility

Reduction 

Tunneling

Tailoring

Suggestion

Self-monitoring

Surveillance

Conditioning

Psychological

Verbal

Social dynamics

Gamification

Aim

Domain



  

 

2.2 Persuasive Technology  24 

The last level of the PIDAF describes nine design options that relate to 
potential design elements inside and outside the car. The options 
ambience (peripheral or focal), integration (additional or augment 
existing interfaces), modality (visual, haptic, and/or auditory), 
placement (inside or outside the car), and mobility (mobile or fixed) 
relate to the physical configurations of the interface. In contrast, 
representation (concrete or metaphorical), feedback (immediate or 
delayed), visualization (discrete or continuous), and frequency (during 
the action, as a summary, or beforehand) are option that help to 
determine the content of the final system. 

The PIDAF goes beyond the design focus of the functional triad and 
extends the PSDM by providing a model tailored to the context of 
driving and the special system requirements it entails.  

Gamification as a Persuasive Approach 

Taking up the idea of using Gamification for the purpose of persuasion, 
this section examines the principle of Gamification as an approach to 
Persuasive Technology. The most widely used definition of 
Gamification is “the use of game design elements in non-game 
contexts” (Deterding et al., 2011, p. 9). Gamification elements can be 
artefactual or social in nature, including avatars, 3D-sceneries, 
narratives, feedback, reputations, points, ranks and levels, marketplaces 
and economies, competition and cooperation, or time pressure 
(Deterding et al., 2011). For instance, the bonus point system of a 
supermarket or the fitness app that shows us the progress of our friends 
is gamified systems. These examples demonstrate the variety of 
contexts in which Gamification is used, ranging across productivity, 
finance, health, education, sustainability, news, and media. Regardless 
of the use case, the goal of Gamification is to motivate people to change 
behaviors, develop skills and acquire knowledge, or drive innovation 
while having fun and playful experiences (Biran, 2014; Ferrara, 2013). 
This goal differentiates gamified systems from games as a medium for 
entertainment and leads over to persuasion (Llagostera, 2012; Werbach, 
2015). The parallels between Gamification and Persuasive Technology 
are demonstrated with the work of Llagostera (2012), who contrasts 
different Gamification elements with the persuasive principles proposed 
by Fogg (2003). For example, most gamified activities have to be carried 
out step-by-step in order to reach the intended outcome, which 
corresponds to the principle of tunneling. Many gamified systems track 
activity-related data and provide them to the user, which can be seen as 



 

 

25 2.3 Related Work  

a form of self-monitoring and surveillance. Finally, most gamified 
systems use feedback and positive rewards, such as virtual badges, 
levels, achievements, or virtual points, which is a form of conditioning. 

Even if there is theoretical evidence that Gamification can be seen as a 
sub-field of Persuasive Technology, there is no approach that provides 
guidance on how Gamification elements can be used to unfold their 
persuasive power. Nevertheless, Gamification is considered an effective 
tool for behavior change and an inspiring approach within the present 
work. 

2.2.3 Summary 

Persuasive Technology is defined as “computerized software or 
information systems designed to reinforce, change or shape attitudes or 
behaviors or both without using coercion or deception” (Oinas-
Kukkonen & Harjumaa, 2008, p. 202). Besides this definition, this 
section has presented different approaches, frameworks, and models for 
designing and evaluating persuasive systems, including the theoretical 
foundations they are built upon. Most important for the present 
research, the persuasive interface design framework in the automotive 
domain (PIDAF; Paraschivoiu et al., 2019), and the idea of Gamification 
as a persuasive approach have been introduced. The PIDAF constitutes 
a framework to support designers in designing persuasive in-car 
interfaces. Gamification provides a new perspective on persuasion 
through systems by considering the use of game design elements to 
motivate changes in behavior.  

2.3 Related Work 

The following sections introduce relevant application examples and 
scientific studies aimed at changing aggressive driving and beyond. 
This review includes both technical and non-technical solutions, which 
are broken down into therapeutic interventions, environmental 
interventions, and in-car interfaces. 

2.3.1 Therapeutic Interventions  

Therapeutic interventions attempt to directly change a driver’s 
behavior using treatment methods known from psychotherapy. As one 
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of the first, Galovski and Blanchard (2002) developed a cognitive-
behavioral program for aggressive drivers. The program lasted several 
weeks and consists of practices on relaxation techniques (e.g., 
progressive muscle relaxation), cognitive strategies (e.g., identifying and 
addressing personal triggers and consequences of aggressive driving), 
coping skills (e.g., establishing a hierarchical list of provoking driving 
situations and examining how to deal with them), and educational 
lessons about the impact of aggressive driving. In a controlled 
evaluation with 20 court-mandated and eight self-identified aggressive 
drivers, the authors investigated the effect of the treatment on 
aggressive driving. They compared the treated groups with a control 
group that only monitored their aggressive symptoms. The effect on 
aggressive driving was assessed through daily diaries and standardized 
self-reports (e.g., overall driving anger, trait anger, angry reaction). As a 
result, the treated groups improved by 50 percent, while the monitoring 
group did not improve at all.  

Deffenbacher (2016) reviewed work on interventions to lower 
aggression in angry drivers. He grouped the identified measures into 
cognitive interventions, relaxation interventions, and behavioral 
interventions and found empirical support for each of the categories as 
well as their combination. Cognitive interventions aim to change the 
cognitive patterns that underlie the aggressive behavior (e.g., shifting 
attention to other topics). Here, the first step is to support clients in 
becoming more aware of the stimulus that triggered the aggression. 
Relaxation interventions attempt to stimulate the emotional-
physiological arousal associated with the aggressive behavior by 
conveying relaxation and coping skills that lower an individual’s 
arousal level (e.g., focal tension exercises). Finally, behavioral 
interventions are aimed at changing dysfunctional ways of dealing with 
aggression, for example, by avoiding known sources of aggression. 

Grounded in the field of emotion regulation, Popuşoi and Holman 
(2016) examined the moderating effect of different emotion regulation 
strategies on the relation between driving anger and aggressive 
tendencies. The authors considered three different types of emotion 
regulation strategies: cognitive reappraisal, expressive suppression, and 
experiential avoidance. In a study with 314 drivers, they revealed a 
moderation effect of expressive suppression on the relation between 
driving anger and aggressive driving, suggesting that drivers, who tend 
to suppress their emotions, behave more aggressively when 
experiencing driving anger. 
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2.3.2 Environmental Interventions  

Environmental interventions are aimed at manipulating factors in the 
driving environment and, therefore, have an indirect effect on driving 
behavior. The potential of environmental interventions can be 
appreciated from a study of Retting and Greene (1997), who 
investigated the influence of traffic signal timing on red-light violations. 
Their focus was on crashes that are caused by vehicles entering an 
intersection after the onset of a red light. If the violating vehicle is still 
at the intersection when the light of the crossing road users turns 
green, a traffic conflicts occurs. As assumed by the authors, this kind of 
traffic violation is affected by the duration of the clearance interval that 
is composed of the yellow and red periods of the traffic signal. In a field 
study, Retting and Greene (1997) observed ten intersections to collect 
data on the traffic signal timings, the number of vehicles entering on a 
red light, and the number of vehicles exiting the intersection after the 
onset of a conflicting green light. The observations revealed that red 
light violations were reduced when the clearance intervals were 
increased, subsequently reducing the risk of intersectional conflicts.  

Likewise, the visual content of the roadside, such as billboards and 
vegetation, can be manipulated. For instance, Cackowski and Nasar 
(2003) revealed that roadside vegetation can have restorative effects in 
reducing frustration while driving. In a laboratory study, 106 
participants watched one of three videotapes of highway drives that 
varied in the relative amount of roadside vegetation and man-made 
material. The video with the highest amount of vegetation included 
heavy roadside vegetation that completely blocked the view of artificial 
structures. The second video showed some vegetation and parkway 
elements, such as few signs or telephone poles. The last video was 
about a highway drive with road strip malls, commercial signs, and 
telephone poles and minimum vegetation along the road side. Before 
and after video exposure, participants were asked about their 
frustration tolerance and state driving anger. No effect could be shown 
for anger, but the frustration tolerance significantly increased for videos 
with more vegetation.  

Providing an example of roadside billboards, Figure 2.3.1 depicts a 
campaign of the German Federal Ministry of Transport and Digital 
Infrastructure (Ger. Bundesministerium für Verkehr und digitale 
Infrastruktur), counteracting aggressive driving behaviors such as 
speeding or tailgating. Most roadside billboards are educational in 
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nature and attempt to change the way a person thinks about a certain 
behavior. However, billboards themselves can also be a source of 
frustration if they entail hostile or stressful content (Wickens, Mann, & 
Wiesenthal, 2013).  

  

 

Figure 2.3.1. Roadside billboard of a German speed prevention campaign 
(Bundesministerium für Verkehr und digitale Infrastruktur, 2020). 

Tuner, Layton, and Simons (1975) examined the effect of weapons as an 
aggressive trigger provided by other road users. In one of their field 
studies with 200 participants, they used a pick-up truck that purposely 
remained stalled at a green traffic light to block road users trapped 
behind it. The truck was visibly equipped with either (i) a rifle in a gun 
rack and a bumper sticker saying “vengeance,” (ii) a rifle with a gun and 
bumper sticker saying “friend,” or (iii) no rifle and no sticker. The 
sticker was meant to influence the rifle’s meaning, assuming that the 
weapon in combination with the “vengeance” sticker would cause more 
horn-honking responses than the rifle combined with the “friend” 
sticker, or the control condition. Supporting this assumption, both the 
presence of the rifle as well as the rifle combined with the “vengeance” 
sticker resulted in higher rates of horn-honking against the truck 
compared to the control condition.  

Finally, the anonymity between road users is also an environmental 
factor of aggression behind the wheel that is widely discussed. 
Anonymity results from the temporal and physical remoteness on the 
road that occurs because road users communicate over large distances 
and through the physical body of the car (Parkinson, 2008). Ellison-
Potter, Bell, and Deffenbacher (2001) examined the effects of driving 
anger trait, aggressive stimuli, and anonymity on aggressive driving. In 
a driving simulator study, 146 high-anger and 143 low-anger drivers 
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were randomly assigned to one of four experimental conditions of a 2x2 
study design: anonymous vs. identifiable and exposure to an aggressive 
stimulus vs. neutral stimulus. Aggressive driving measures included 
different behaviors such as red light runs, speeding, and collisions with 
motorists and pedestrians. As a means of manipulating anonymity, 
participants were told to imagine either that the other road users in the 
simulation know who they are or not. It was shown that participants 
drove more aggressively when they were anonymous and exposed to an 
aggressive stimulus. No effects were found for trait driving anger.  

2.3.3 In-car Interfaces  

Like the physical driving environment, also the vehicle interior, 
especially the in-car interfaces, can be manipulated for the purpose of 
changing driving behavior. This group of interventions includes 
feedback-based interfaces, conversational agents, physiological 
interfaces, and social interfaces. 

Feedback-based Systems 

Today, there are already several commercial in-car interfaces to support 
a more environmentally friendly driving style. In principle, these 
systems provide the driver with feedback on his performance with a 
special focus on driving behavior that determines the fuel consumption, 
such as acceleration, braking, and gear shifting. As shown in Figure 
2.3.2, these systems use different visualizations of the feedback, 
including abstract designs (e.g., natural animations) or discrete designs 
(e.g., scores and progress bars). 

Meschtscherjakov, Wilfinger, Scherndl, and Tscheligi (2009) 
investigated the acceptance of five interface concepts for a more 
ecological driving style in an online survey with 57 respondents. Four 
concepts were feedback-based: (i) the eco accelerator pedal that exerts 
pressure against the driver’s foot when wasteful acceleration is 
detected, (ii) the eco speedometer that changes its color in accordance 
with the fuel consumption, (iii) the eco display that visualizes the fuel 
consumption through the animation of growing or vanishing leaves, 
and (iv) the eco advisor that gives verbal hints to foster fuel-efficient 
driving. In addition, (v) a system that reduces fuel consumption by 
adjusting vehicle parameters automatically was presented. Overall, the 
acceptance, as well as the usefulness, was high for all systems.  



  

 

2.3 Related Work  30 

 

Figure 2.3.2. In-car interfaces to support ecological driving developed by Mercedes-
Benz (top; 2020), Ford (middle; 2016), and Renault (bottom; 2019). 

Likewise, feedback systems for less aggressive driving have been 
developed. However, they have not yet been used commercially. For 
example, CarCoach is a system that promotes polite and effective 
driving (Arroyo, Sullivan, & Selker, 2006). The system monitors selected 
driving parameters (i.e., rpm, speed, throttle position, brake pressure 
and position, steering position angle, cup holder state, and on-board 
system status), makes decisions about driving successes and mistakes, 
and gives an auditory and a tactile feedback when a success or mistake 
is detected. Auditory reminders are given by a female voice in the form 
of a negative warning (e.g., “please signal on”) or a positive message 
(“thank you for signaling”), respectively. Tactile reminders are 
transferred via steering wheel or pedal vibrations. The authors 
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validated their system in a real-world driving study with 18 
participants, testing the effects of the feedback type (positive vs. 
negative) and scheduling schemes (no feedback, continuous feedback, 
scheduled feedback) on driving performance and frustration. The 
results indicated that positive feedback increased performance when 
presented continuously, but not in the scheduled condition. In contrast, 
negative feedback generally decreased performance, both when being 
presented continuously as well as scheduled. 

In another study, Adell, Várhelyi, and Hjälmdahl (2008) equipped the 
personal vehicles of 22 participants with a warning system that 
instantly gave an acoustic signal and a flashing red light when the 
speed limit was exceeded. However, although the researchers showed 
that the system reduced speeding violations, the participants rated the 
system as annoying and irritating due to its acoustic nature. 

Conversational Agents 

Conversational in-car agents interact with the driver and passengers 
using natural language. In order to improve the driver-vehicle 
communication, they can also have a visual representation, such as an 
anthropomorphic avatar or an abstract icon (Figure 2.3.3), which can 
(Görtz, Mandl, Arévalo, & Womser-Hacker, 2007).  

 

 

Figure 2.3.3. Examples of anthropomorphic (left; Charamel, 2019) and abstract (right; 
BMW, 2020) representations of in-car agents. 

Conversational agents mainly make use of content and prosodic 
features to change a driver’s behavior (Krahmer & Swerts, 2009). For 
example, Jonsson et al. (2004) investigated the impact of a virtual 
passenger on the driving performance and likability of the car in a 
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driving simulator study with 36 participants. While driving, three types 
of verbal warnings about the driver’s performance were given: driver-
blame prompts (e.g., “you are driving too fast”), we-blame prompts (e.g., 
“we are driving too fast”), and environment-blame prompts (“the road is 
easy to handle at low speeds”). Each participant completed a test drive 
in all three conditions, while their attention was measured. To indicate 
their attention, they were asked to say the word “honk” as soon as they 
heard a honk, and the reaction time was measured. The results indicate 
that warnings that blame the environment work best; they increased 
the participants’ attention as well as the likability of the car. In a 
simulator study with 109 participants, Nakagawa, Park, Ueda, and Ono 
(2017) showed that the presence of a conversational agent that praises 
or encourages the driver after mastering a hazardous event (instead of 
just providing practically relevant information) leads to a more cautious 
driving style. Providing an example of prosodic manipulation, Nass et 
al. (2005) paired the emotional tone of the car voice (energetic vs. 
subdued) with the emotional state of the driver (happy or upset). They 
evaluated their system concept in a simulator study with 40 drivers. 
When both factors match, drivers have fewer accidents, are more 
attentive, and talk more to the car.  

Physiological Interfaces 

Physiological interfaces are mainly aimed at detecting and leveraging 
physiological stress while driving, which is a predisposing factor of 
aggressive driving. As known from emotion regulation research, people 
under the influence of strong (negative) emotions can be helped to 
manage these states by becoming aware of them. Thus, Hernandez et al. 
(2014) designed (but did not evaluate) different solutions to visualize a 
driver’s affective state using air conditioning, ambient lighting, or 
music. For example, the reflective dashboard changes its color in 
reference to the physiological changes of the driver (Figure 2.3.4). Green 
indicates a more relaxed state, whereas red is associated with stress.  

Likewise, Braun, Chadowitz, and Alt (2019) proposed three in-car ideas 
to visualize the driver’s state based on insights from focus groups: the 
Gamification concept, the Notification concept, and the Quantified Self 
concept. The Gamification concept attempts to detect and display the 
current state of the car (i.e., car condition and fuel consumption) and 
the driver (i.e., driver health and driver fun) using a scale-like 
representation. The concept of Notification responds to negative driver 
emotions using a minimalistic background animation combined with 
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text notifications. Finally, the Quantified Self interface is inspired by 
modern fitness tracking apps, displaying two circular diagrams that 
visualize the driver’s vital and emotional state. The user experience of 
the concepts was evaluated in a driving simulator study with 328 
participants, each assessing one of the concepts. Although participants 
generally preferred the concept of the quantified self, it was shown that 
age, driving experience, and personality traits have an impact on 
personal preferences. 

 

 

Figure 2.3.4. Reflective dashboard developed by Hernandez et al. (2014). 

Lastly, breathing practices known from psychotherapy inspired the 
design of the in-car interventions to manage stress. For instance, 
Paredes et al. (2018) developed a system to achieve a slower breathing 
rate. The system guides the driver to inhale and exhale via vibrations in 
the car seat and spoken audio commands. The results of a laboratory 
experiment with 24 participants showed that both the haptic and the 
voice guidance system reduced the breathing rate. However, most 
people preferred the haptic solution because it was easier to 
understand, less distracting, and easier to engage with and disengage 
from. 

Social Interfaces 

Social interfaces enable the interaction between road users. In doing so, 
they remove the anonymity on the road. Wang, Zeng, Carley, and Mao 
(2015) gave drivers the possibility to commend others’ driving 
behaviors by sending them a “like” or “dislike” that was displayed in 
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their cars. The authors evaluated their system in a simulator study. 
During the test drive, 18 participants fed back the behavior of other 
drivers in the simulation and received feedback on their own driving 
style. “Dislike” behaviors were, for example, tailgating, cutting others 
off the road, or not using turn signals. As a result, the feedback caused 
participants to drive more social, i.e., they showed fewer traffic 
violations. 

Soroa, Wollstädterb, and Rakotonirainya (2014) presented six in-car 
applications that promoted cooperative driving. Their ideas include 
socially inspired Gamification elements. For example, they introduced 
the idea of driving behavior badges that can be earned by other drivers 
in the community voting for the driver’s performance. Other 
application concepts are based on the idea of chatting with each other 
or to share different kinds of information, such as music, emotions, or 
snapshots of the current driving situation. The applications were 
prototypically implemented into a computer-based driving simulator 
and discussed by nine participants. In particular, the ideas of sharing 
music and snapshots were assumed to foster sympathy as well as 
intimacy and prevent conflicts between road users. 

2.3.4 Summary 

This review disclosed a wide range of existing scientific and commercial 
interventions aimed at improving driving behavior, such as ecological, 
safe, or stress-free driving. The interventions can be differentiated into 
therapeutic interventions, environmental interventions, and in-car 
interfaces. Although each category provides interesting and inspiring 
examples, they all have their limitations. Therapeutic interventions are 
primarily aimed at extreme cases, such as hostile and criminal drivers, 
and therefore mainly refer to the definition of road rage. Given the 
environmental interventions, environmental aspects that trigger 
negative emotions are costly to affect or cannot be manipulated at all, 
such as rush hours or the weather. In-car interfaces are easier to 
manipulate. However, it is assumed that individual differences are a 
decisive factor for the acceptance and effectiveness of such systems so 
that there is no solution to mitigate aggressive driving that fits all. 
Maybe that is why there are few commercial solutions.  
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2.4 Interim Conclusion 

Based on the theoretical background, the initial research questions of 
this thesis are derived. Moreover, the research and design activities that 
are necessary to achieve the research goal of developing a Persuasive 
Technology solution to mitigate aggressive driving are planned. The 
empirical part of this work is guided by the human-centered design 
(HCD) approach. Before the initial research questions are presented, the 
idea and benefits of HCD are introduced. 

2.4.1 Human-centered Design Approach 

HCD is a broad term that describes the process of designing a system by 
involving the end-users throughout this process. In doing so, the most 
usable solution is expected to be achieved. For this, HCD activities 
adhere to the following principles: (i) involving the user to understand 
his needs and the context in which the system will be used, (ii) 
determining the appropriate allocation of functions between the user 
and the final system, (iii) conducting research and design activities 
iteratively, and (iv) working in multi-disciplinary teams (International 
Organization for Standardization, 2019).  

 

 

Figure 2.4.1. Human-centered design process adapted from ISO 9241-210 (International 
Organization for Standardization, 2019). 
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A variety of approaches have been developed to support HCD, such as 
participatory design, ethnography, the lead user approach, contextual 
design, co-design, or empathic design (Steen, 2011). Most approaches 
are based on the ISO norm 9241-210 that standardizes the HCD 
processes for interactive systems (International Organization for 
Standardization, 2019). Accordingly, the ideal HCD process is an 
iterative cycle that includes four consecutive steps (Figure 2.4.1): (i) 
understand and specify the context of use, (ii) specify user and 
organizational requirements, (iii) produce system solutions, and (iv) 
evaluate these against the identified requirements. This process should 
be initiated when the need for a human-centered solution is given, for 
example, when there is a concrete design problem or an initial concept 
for a product or service. 

The context includes relevant characteristics of the intended user and 
relevant stakeholders, the task the system is used for, and the physical 
and social conditions of the environment in which the system is used. 
User and organizational requirements mainly refer to the usability of a 
product. Usable products are characterized as effective, efficient, and 
easy to use. Moreover, they are appealing, improve user satisfaction, 
and reduce negative affect. In practice, the context of use and the user 
(or the organization) are often studied together, referring to the wider 
context. The system solution produced is based on the outcomes of the 
previous steps and enriched by guidelines on visual design, interaction 
design, usability, and so on. This step may conclude with a prototype of 
the system, ranging from a simple paper mock-up to a first executable 
program version. Finally, the system solution is evaluated against the 
requirements that were previously identified. Here, usability tests are a 
commonly applied method, whereby potential users perform a 
standardized task using the prototype (International Organization for 
Standardization, 2019). The HCD process should be repeated iteratively 
until the solution meets the identified requirements. This means to 
jump back to any prior step in the process to revise or complement 
solutions as well as research and design activities (Maguire, 2001). 

HCD itself is a subject of research. However, in the present work, it is 
used as a design framework to address the problem of aggressive 
driving and to determine and structure the corresponding research and 
design activities. 
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2.4.2 Initial Research Questions 

As suggested by the HCD process, the wider context should be 
considered in the first place. What constitutes the wider context within 
the present research is derived from Shinar (1998), who assumes that 
aggressive driving can be mitigated by either (i) changing the driver’s 
behavior directly or (ii) changing the situational source of frustration. 
This assumption stresses the need to understand how aggressive 
driving can be regulated as well as the sources of frustration behind the 
wheel. 

Per definition, frustrating sources block the driver from achieving his 
goal of moving ahead and are accompanied by an unpleasant emotional 
experience (Berkowitz, 1989; Dollard et al., 1939). Thus, hereinafter, we 
are talking about emotional triggers of aggression. The need to 
understand and determine such triggers was already claimed by Shinar 
(1998) over 20 years ago. Today, two decades later, a lot has changed, 
including our cars and mobility behavior. All the more, the question 
arises of what elicits negative emotions in modern driving, leading to 
the first research question (RQ1): what are the emotional triggers of 
aggression in modern driving? 

The therapeutic interventions introduced (2.3.1 Therapeutic 
Interventions) already demonstrated effective ways to change aggressive 
driving behavior directly. However, these interventions were primarily 
applied to criminal or hostile drivers and show little potential for 
technical implementation. Nevertheless, therapeutic knowledge can be 
an interesting source of inspiration for the present research. 
Accordingly, effective interventions for “normal” people should be 
identified, and possibilities for their implementation in the car should 
be considered, resulting in the second research question (RQ2): what are 
the interventions to change aggressive behavior in everyday situations? 

In chapter III to VII, the initial research questions, as well as follow-up 
research questions and hypotheses, are empirically studied. RQ1 is 
examined through a naturalistic driving study (study 1) in which 
participant drivers reported triggers of emotional experiences while 
driving. To answer RQ2, interviews with experts concerned with the 
treatment of aggressive individuals (study 2) were conducted. 
Afterwards, a series of ideation workshops were run to generate ideas 
to mitigate aggressive driving (study 3). The workshops revealed 
inspiring impulses that evolved into a concrete system concept. An 
online survey (study 4) was conducted to get a first evaluation of the 
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concept. Finally, the concept was prototyped and evaluated in an 
experimental driving study (study 5) with a focus on the system’s 
perception and effectiveness. 

All studies involving human subjects have been reviewed and approved 
according to the Daimler Ethical Clearing Process, which is supervised 
by an internal institutional review board.  
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III. CHAPTER 
 

TRIGGERS OF AGGRESSION 
ON THE ROAD  

3.1 Background 

The empirical research described in this chapter is aimed at identifying 
the emotional triggers of aggression in modern driving to address RQ1 
(What are the emotional triggers of aggression in modern driving?). The 
relevance of this objective is rooted in the assumption that aggressive 
driving can be changed by preventing, removing, or manipulating these 
triggers, including external events (e.g., congestion) and objects (e.g., 
other road user) as well as internal thoughts (e.g., memories) and 
conditions (e.g., hunger; Shinar, 1998).  

When it comes to the subjective measurement of emotional 
experiences, the only access to this kind of information is through self-
reports, either in the form of forced-choice or free responses. Forced-
choices are made based on a preselection of emotional experiences. 
Here, two major approaches have emerged (Scherer, 2005): categorical 
and dimensional. The categorical approach confronts the respondent 
with distinct categories of emotions (e.g., anger, relaxation, surprise) 
and asks him to choose the one that best characterizes his current state. 
With the dimensional method, emotional experiences are rated along 
bipolar axes, such as valence (e.g., positive vs. negative), arousal (e.g., 
calm vs. excited), or tension (e.g., tense vs. relaxed). The axes are 
arranged in a two-dimensional space, in which each emotion is 
represented as a single point (Crispim et al., 2015). When people 
describe their feelings in their own words, they are not primed or 
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restricted by any predefined choices. Thus, free responses can be seen 
as the “ground truth” of emotional experiences (Healey, 2011). 

No matter how emotions are measured, they are always triggered by a 
stimulus, ranging from internal thoughts and conditions to external 
events and objects (Gross, 1998). Most studies that measure drivers’ 
emotions and their triggers use retrospective methods, e.g., diaries or 
interviews, that consult participants after the drive (Jeon & Walker, 
2011; Underwood, Chapman, Wright, & Crundall, 1999). Due to memory 
biases, participants mainly remember extreme emotions (but forget 
minor ones) and better recall emotions they experienced at the 
beginning or the end of the drive (Fredrickson & Kahneman, 1993; 
Murdock, 1962). A solution to this problem is to ask people in-situ so 
that their reports are as close to the emotional episode as possible 
(Laurans, 2011). A relevant study in this regard was conducted by 
Mesken, Hagenzieker, Rothengatter, and de Waard (2007), who 
investigated the frequency, determinants, and consequences of 
emotions behind the wheel. For this, 44 participants completed a 50-
minute drive in a test vehicle on a public road. They were accompanied 
by an experimenter, who asked them every three minutes to verbally 
report their emotional state using the categories “anger,” “anxiety,” 
“happiness,” and “no emotion.” In addition, the driving environment 
was video recorded. On average, anxiety (Ø 2.6 times per drive) was the 
most reported emotion, followed by anger (Ø 1.5) and happiness (Ø 1.0). 
Based on the video recordings, the authors determined the agent 
responsible for each emotion. As a result, anger and happiness were 
mostly triggered by other road users, while anxiety was mainly caused 
by situational factors. Unfortunately, the authors do not provide 
examples or detailed descriptions of the agents. Another limitation of 
this study is that participants did not drive alone, which could have 
influenced their emotional experiences and expressions (Niven, 
Totterdell, & Holman, 2009). Moreover, they were forced to rate their 
emotions along three categories. These predefined choices do not cover 
the full range of emotional states that are possible while driving and 
therefore may have primed the results (Jeon & Walker, 2011; Scherer, 
2005). 

Beyond these methodological limitations, one should keep in mind that 
the study of Mesken et al. (2007) was conducted more than ten years 
ago. Ever since, the conditions on our roads and the standards of our 
vehicles have changed, which should be reflected in the emotional 
experiences and triggers occurring in today’s driving. Thus, within this 
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doctoral thesis, a naturalistic driving study was conducted in which 
participants drove alone in real traffic while tracking their emotional 
experiences and triggers. In advance, a preliminary study in the form of 
a retrospective survey was carried out, which is presented first. 

3.2 Preliminary Study 

The preliminary study was aimed to justify the investigation of RQ1 in 
an elaborated driving study by quickly demonstrating that there is a 
significant amount of negative emotional experiences and triggers in 
modern driving. For this, a survey was carried in which people just 
arrived at a car park were asked about what they had experienced 
during their previous drive.   

3.2.1 Method 

Procedure 

In order to semi-standardize the survey, an interview guide was used. 
Initially, respondents were asked to describe their previous drive, 
including its purpose, duration and distance, time of congestion, and 
vehicle driven (Appendix 1.1). Following, they gave a summary 
assessment of the drive in terms of its emotional valence, i.e., if it was 
negative, positive, or neutral overall. Finally, they freely reported 
triggers that elicited negative as well as positive emotional experiences 
during the drive. No sociodemographic data were collected. The survey 
lasted around five minutes. 

The survey was carried out in December 2017 in two parking lots in the 
city center of Stuttgart (Germany) on a Monday (7 a.m. to 9.30 a.m.) and 
a Saturday (10 a.m. to 3 p.m.). The dates and times were chosen so that 
they represent two different scenarios: Monday morning when people 
are on their way to work and a weekend day when the focus is on 
leisure activities. Respondents were approached directly after getting 
out of their car and interviewed by one of five interviewers (3 female, 
2 male). If several people were in the car, only the driver was 
interviewed.  
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Sample 

In total, 109 respondents were surveyed, 59 on Monday (with 53 on 
their way to work) and 50 on Saturday (with 39 going shopping). On 
average, their drive was 50.3 kilometers (SD = 68.3) and took 48.46 
minutes (SD = 32.47). In 35.8 percent of the cases, there was congestion 
(no congestion: 37.6 %; no answer: 26.6 %) with an average delay of 
20.69 minutes (SD = 14.11), which corresponds to 36.1 percent of the 
average driving time (SD = 16.8). The most driven vehicle brand was 
Volkswagen (18.3 %), followed by Audi (16.5 %), and BMW (11.0 %). 

Data Preparation and Analysis 

In total, 163 emotional triggers were extracted from the interview notes 
and transcribed into a CSV file, including 76 inherently positive triggers 
(e.g., nice weather) and 87 inherently negative triggers (e.g., not finding 
a parking space). The author categorized the negative cases on three 
levels. On the first level, they were differentiated according to the 
responsible agent based on Mesken et al. (2007): another road user, the 
self, an object or event in the driving situation, or a factor not related to 
the driving situation. On the second level, the type of trigger was 
specified by inductively formulated categories (e.g., traffic volume or 
personal issues). On the last level, similar cases were grouped into 
distinct triggers.  

3.2.2 Results 

Overall, respondents reported more triggers of negative emotions 
(87 cases) than positive ones (76). However, according to the summary 
assessment of the drive, most respondents (36.7 %) rated their previous 
drive as positive. 34.9 percent experienced the drive as neutral and 28.4 
percent as negative.  

Focusing on the agents responsible for the triggers associated with 
negative emotional experiences (Figure 3.2.1), most agents are related to 
situational factors (66 cases), followed by other road users (16), factors 
not related to the driving situation (4), and the driver himself (1).  
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Figure 3.2.1. Agents associated with triggers of aggressive driving (retrospective). 

On the second level, the negative triggers can be assigned to eight 
different types (Figure 3.2.2): traffic volume (31 cases), driving 
environment (21), interaction with motorized road users (16), parking 
(9), personal issues (4), traffic lights (3), road conditions (2), and 
personal driving behavior (1). A description of these types can be found 
in Appendix 1.2.  

 

 

Figure 3.2.2. Types of triggers of aggressive driving (retrospective). 

On the bottom level, the 87 cases of negative triggers can be grouped 
into 23 distinct triggers. The most common one is high traffic or 
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congestion that was reported by 31 respondents. An overview of the 
triggers as well as their assignment to the different agents and types is 
given in Table 3.3.1, which includes the results of this survey and the 
subsequent driving study. 

3.2.3 Conclusion and Discussion 

Overall, respondents remembered more negative emotional triggers 
than positive ones. Moreover, more than one quarter assessed the drive 
as negative overall. Both findings show that there is a considerable 
amount of negative emotions while driving that might trigger 
aggression. These outcomes strengthen the motivation to deepen this 
investigation by conducting a driving study. 

3.3 Study 1: Naturalistic Driving Study 

In the following study, participants tracked their emotional experiences 
and triggers while driving in a test vehicle by using a touch screen 
tablet that was installed in the center console (Figure 3.3.1). The tablet 
was running an application that captured participants’ emotions with 
both the forced-choice and the free response method. 

3.3.1 Method 

Emotion Tracking Application 

Of the tablet application, two versions were developed (Figure 3.3.2). 
One version combined the dimensional forced-choice method and the 
free-response method (dimensional version). The other version used the 
categorical forced-choice method in combination with the free-response 
method (categorical version). The two versions were developed to 
examine the question of which method (i.e., dimensional, categorical, or 
free responses) is the most valid one to subjectively measure emotions 
while driving. This question is answered in Dittrich and Zepf (2019), 
wherein the authors suggest to use driving-specific categories (i.e., 
stress, anger, annoyance, uncertainty, dislike, relaxation, happiness) in 
conjunction with the free-response method.  

Participants completed two test drives, each with one of the application 
versions. Independent of the version, they were instructed to track (i) 



 

 

45 3.3 Study 1: Naturalistic Driving Study  

their emotional experiences and (ii) the stimulus that triggered this 
experience. They were asked to provide this information on their own 
initiative whenever someone or something, whether linked to the 
current traffic situation (e.g., another road user) or not (e.g., memories), 
elicited a feeling in them. However, it was emphasized that safety was 
of the highest priority and that the application should only be operated 
if the driving situation allows it.  

 

 

Figure 3.3.1. Position of the tablet running the emotion tracking application (solid line) 
and the cameras (dotted line). 

In the dimensional version, participants indicated their emotional 
experience by touching a point within a two-dimensional space formed 
by the bipolar axes “bad-good” (Ger. schlecht-gut) and “calm-exited” 
(Ger. ruhig-aufgeregt). The labels were based on the literature and 
commonly used language (Crispim et al., 2015). Directly after the rating, 
a voice command was given (“Voice record started”) prompting the 
participants to verbally describe their emotional experience and its 
trigger in their own words. In addition, a 15-second progress bar was 
displayed to visualize the remaining recording time. The categorical 
version consisted of four buttons from which the participants could 
choose. According to Mesken et al. (2007), the buttons were labeled as 
“joy” (Ger. Freude), “anger” (Ger. Ärger), “fear” (Ger. Angst), and “other” 
(Ger. anderes). Analogous to the dimensional version, an auditory 
reminder was given after the rating. The verbal reports were 
automatically recorded and saved as MP3 files. The numerical values of 
the dimensional and categorical ratings, including the driver’s position 
at that time, were logged in a CSV file.  
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Figure 3.3.2. Dimensional (1, 3) and categorical (2, 4) version of emotion tracking 
application, including free-response interface with progress bar (3, 4). 

To avoid driver distraction, the application meets the following 
requirements (National Highway Traffic Safety Administration, 2016):  

 Only one touch is needed to submit a rating. 

 More complex answers are provided verbally. 

 No distracting colors or images are used. 

 A maximum of 160 characters per frame is used so that the entire 
content can be perceived at a glance in less than 2 seconds. 

 Interaction areas are large enough to hit them from the driver’s 
position. 

 Characters are large enough to read them from the driver’s 
position. 

Moreover, the application is in line with the German road traffic 
regulations (Bundesministeriums der Justiz und für Verbraucherschutz, 
2016). Accordingly, a driver is allowed to use a mobile device while 
driving as long as the device is neither picked up nor held in hand, and 
it is operated exclusively by speech or other interaction methods that 
require just a brief gaze.  
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Procedure 

The driving study was conducted in summer 2018 between 7 a.m. and 
8 p.m. so that different traffic conditions were covered (e.g., rush hour 
vs. empty streets). The participants took two test drives in real traffic 
with a Mercedes-Benz E-class sedan that was equipped with the tablet 
(Samsung Galaxy Tab 6) on which the emotion tracking application was 
running. In a randomized order, they completed one test drive with the 
dimensional version of the application and one test drive with the 
categorical version. In addition, two cameras (Go Pro Hero 4) were 
installed (Figure 3.3.1); one directed at the driver’s face and one directed 
at the driving environment through the windshield. The test route 
started and ended at the Mercedes-Benz research laboratory in 
Böblingen (Germany) and included sections on the highway, along 
country roads, and in the city (Appendix 1.3). In total, the route was 
around 14 kilometers long. Participants traveled alone, guided by the 
on-board navigation system.  

Before the first test drive, participants were familiarized with the test 
route on a map, the test vehicle, and the emotion tracking application. 
They used each version of the application while standing until they 
were able to operate it blindfolded. Afterwards, they completed the two 
test drives one after the other. Between both drives, they stopped at the 
lab where an experimenter changed the application version. After the 
second drive, they filled in a questionnaire containing personal 
background questions (e.g., age, gender, driving experience).  

Sample 

Participants were recruited via the Mercedes-Benz user study pool 
(Mercedes-Benz, 2019). The pool includes people interested in customer 
studies on automotive research and development activities conducted 
by Mercedes-Benz. Registration is possible for everyone holding a 
driver’s license. Based on the database information, only people whose 
most used vehicle is a Mercedes-Benz E-class or a comparable car in 
terms of size, driving performance, and in-car systems were invited. 
This was intended to create a more realistic driving experience during 
the study.  

In total, 34 participants (20 male, 14 female) took part in the study. 
Twenty-six participants regularly drove a Mercedes-Benz E-class. Their 
mean age was 44.6 years (SD = 13.8, min: 21, max: 67) and they drove an 
average of 25,559 kilometers (SD = 13,800) by car in the last twelve 
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months. In Germany, the average mileage per year ranges between 
10,000 and 15,000 kilometers (Statistisches Bundesamt, 2020b). 
Participants received an expense allowance of 80 Euro. None of them 
worked at the Daimler Group. 

Data Preparation and Analysis 

The emotional triggers were described in the audio recordings. In total, 
613 recordings were saved, including some incorrect records (e.g., noisy 
records, missing description of triggers). From the records, both positive 
and negative triggers were transcribed, resulting in 566 excerpts. These 
excerpts were merged into the CSV file that contained the dimensional 
and categorical ratings so that it was possible to determine whether the 
trigger caused a negative or a positive emotional experience. In 32 
cases, no valence indication was possible because the participants opted 
for the category “other emotion” or gave a dimensional rating without 
providing a clear verbal description of their emotion. Moreover, 27 
responses were excluded because they were contradictory, i.e., they 
were linked to a negative (or positive) emotion rating but described an 
inherently positive (or negative) trigger. Consequently, 261 valid cases 
of triggers linked to a negative emotion and 246 valid cases of triggers 
linked to a positive emotion were obtained. These were categorized by 
the author and a student of psychology fulfilling an internship at the 
Mercedes-Benz Innovation Studio. The coders used the classification 
scheme of the preliminary study and classified the triggers according to 
(i) their responsible agent, (ii) their type, and (iii) their similarity to 
other triggers.  

3.3.2 Results 

Participants tracked 261 triggers of negative emotional experiences and 
246 positive ones. In consideration of the responsible agent (Figure 
3.3.3), most of the negative triggers were associated with factors of the 
driving situation (161 cases; e.g., very long red traffic light), followed by 
triggers for which other road users are responsible (70; e.g., a truck or 
another slow vehicle ahead), triggers for which the driver himself is 
responsible (23; e.g., the feeling of disorientation), and triggers not 
related to the driving situation (7; e.g., bad music or news on the radio). 
Both in the car park survey and the driving study, most of the triggers 
are associated with the driving situation. 
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Figure 3.3.3. Agents associated with triggers of aggressive driving (retrospective and 
in-situ). 

The 261 negative triggers can be grouped into 14 different types (Figure 
3.3.4). From these 14 categories, seven are already known from the 
retrospective survey, including interactions with motorized road users 
(61 cases identified in the driving study), traffic lights (39), road 
conditions (17), traffic volume (11), driving environment (10), personal 
issues (2), and the driver’s own behavior (1). The seven new types that 
were identified in the driving study are vehicle (37), navigation (32), 
driving speed (9), arrival (6), interaction with non-motorized road users 
(9), orientation (22), and entertainment (5). In contrast to the 
retrospective survey, no parking-related triggers occurred in the driving 
study. A description of each type is given in Appendix 1.2. In order to 
determine the most common type across both studies, the results of the 
retrospective survey and the driving study were combined by 
calculating the relative frequencies of each type. As depicted in Figure 
3.3.4, unpleasant interactions with other motorized road users were the 
main source of negative emotions. Considered across both 
investigations, 22.9 percent of all triggers were assigned to this type.  
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Figure 3.3.4. Types of triggers of aggressive driving (retrospective and in-situ). 

The 261 cases of negative triggers can be grouped into 63 distinct 
triggers. Participants most frequently complained about incorrect, 
delayed, or ambiguous navigation commands (25 cases). Also, red lights 
(20), the poor usability or user experience of the in-car systems (20), or 
the feeling of “getting lost” (18) often evoked negative emotions. The 
distinct triggers identified in the retrospective survey and the driving 
study are summarized in Table 3.3.1, including a total of 75 distinct 
triggers. 

A heat map based on the geo information linked to the triggers, shows 
their distribution along the test route (Figure 3.3.5). The heat map was 
created with the help of Google Fusion Tables. As this figure shows, 
triggers occur particularly at intersections. Here, road users interact 
with each other, traffic lights are positioned, and navigation commands 
are given. In contrast, straight road sections trigger fewer negative 
emotions and therefore have less aggressive potential. 
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Figure 3.3.5. Heat map of triggers of aggressive driving (larger color areas represent a 
higher number of triggers) 

 

Table 3.3.1. Distinct triggers of aggressive driving identified in the preliminary study 
(retro) and the naturalistic driving study (in-situ). 

Trigger 
Count 

In-situ Retro 

Driving situation 161 66 

Traffic lights 39 3 

(Frequent) red light(s) 20 3 

Just missing a green light 10 - 

Very long red light 7 - 

Red traffic light at an empty street 2 - 

Vehicle 37 - 

Bad usability / user experience of in-car systems 20 - 

Unknown warning 7 - 

High fuel consumption 2 - 

Driving an unknown car 2 - 

Limited view due to vehicle pillars 2 - 

Constricting seat belt 1 - 

Bad driving comfort and performance 3 - 
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Continuation of Table 3.3.1. 

Trigger 
Count 

In-situ Retro 

Navigation 32 - 

Wrong / delayed / ambiguous navigation command 25 - 

Unexpected navigation route 7 - 

Road conditions 17 2 

Limited visibility of traffic signs / road sections 5 - 

Complex intersection 3 - 

Speed bump 2 - 

New road 2 - 

Challenging road section 3 - 

Missing / ambiguous traffic signs 2 - 

Slippery / snow-covered road - 2 

Traffic volume 11 31 

High traffic / congestion 6 31 

Anticipation of congestion 5 - 

Driving environment 10 21 

Police car / ambulance / traffic accident 3 4 

Smelly vehicle 2 - 

Heat 2 - 

Roadworks 1 6 

Speed camera 1 3 

Dead animal on the roadside 1 - 

Early morning - 6 

Bad weather - 3 

Driving speed 9 - 

Speed limit 5 - 

Waiting at an intersection 4 - 

Arrival 6 - 

Arriving later than expected 6 - 

Parking - 9 

Small parking space - 4 

Not finding / looking for a parking space - 2 

Favorite parking space was occupied - 1 

High prices for parking lots - 1 

Small car on big parking space - 1 

Others 70 16 

Interaction with motorized road users 61 16 

Slow vehicle / truck ahead 16 5 

Merging in the lane directly before the ego vehicle 6 - 

Not using indicators 6 2 

Driving in the blind spot 4 - 

Blocking the left lane 3 3 

Tailgating 3 2 
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Continuation of Table 3.3.1. 

Trigger 
Count 

In-situ Retro 

Cutting the one’s own lane 2 2 

Missing a green light due to a slow vehicle ahead 2 - 

Throwing garbage on the street 2 - 

Not driving off at a green traffic light 2 - 

Overtaking on the right 2 1 

Honking 2 - 

Jumping a red light 2 - 

Blocking the street in front of an intersection 2 - 

Driving school ahead 1 - 

Exceeding the speed limit 1 - 

Changing lanes at an intersection 1 - 

Driving in snaky lines 1 - 

Driving very close beside the ego car 1 - 

Jumping between lanes 1 - 

Not allowing the ego car to merge in the lane 1 - 

Insulting gesture - 1 

Interaction with non-motorized road users 9 - 

Near-collision with a cyclist 3 - 

Pedestrian crossing the street shortly before one’s own car 3 - 

Pedestrian walking very close to the street 1 - 

Cyclist pushing himself at a red light 1 - 

Pedestrian crossing the street at a red light 1 - 

Self 23 1 

Orientation 22 - 

Getting lost 18 - 

Disorientation 4 - 

Personal driving behavior 1 - 

Exceeding the speed limit 1 - 

Driving to close to another vehicle - 1 

Not related to the driving situation 7 4 

Entertainment 5 - 

Annoying advertisement 4 - 

Bad music / news 1 - 

Personal issues 2 4 

Time pressure - 2 

Poor health - 2 

Family and friends 1 - 

Forgetting something 1 - 
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3.3.3 Conclusion and Discussion  

Both the naturalistic driving study (N = 34) and the retrospective survey 
(N = 109) revealed that there is a significant number of negative 
emotional experiences and triggers in modern driving. Answering RQ1 
(What are emotional the triggers of aggression in modern driving?), 
75 distinct triggers from 15 categories were identified in both studies: 
(i) traffic lights, (ii) vehicle, (iii) navigation, (iv) road conditions, 
(v) traffic volume, (vi) driving environment, (vii) driving speed, 
(viii) arrival, (ix) parking, (x) interaction with motorized road users, 
(xi) interaction with non-motorized road users, (xii) orientation, 
(xiii) personal driving behavior, (xiv) entertainment, and (xv) personal 
issues. Especially interactions with motorized road users caused 
negative emotions in the subjects. This category refers to illegal and 
illegitimate actions of other drivers that are directed at oneself, others, 
or the environment, such as tailgating, slow driving, or throwing trash 
on the street. Aside from very common triggers, the studies also 
revealed less obvious examples such as smelly vehicles, other road users 
ignoring a red light, or negative thoughts. 

From these findings, three assumptions for future investigations can be 
derived. First, triggers associated with other road users demonstrate a 
vicious circle: illegal and illegitimate actions of other road users might 
trigger negative emotions and aggressive tendencies in a driver. If he 
enacts this aggression, the driver himself is a negative trigger for 
others. In other words, aggressors are victims, and victims are 
aggressors (Calaguas, 2012). Second, although people experience driving 
as something positive overall, they report more negative emotional 
triggers than positive ones. This suggests that the number of negative 
triggers experienced while driving has only a small effect on the overall 
emotional assessment of the drive. Third, in Mesken et al. (2007) fear 
was the most frequently reported emotion. In the present driving study, 
this emotion barely occurred, as a post-hoc analysis has shown (Dittrich 
& Zepf, 2019). This shift could be attributed to the improved safety, 
comfort, and entertainment standards of modern cars, making driving a 
more positive emotional experience in general (Gkouskos, Pettersson, 
Karlsson, & Chen, 2015) 

The major methodological limitation of the driving study is that, despite 
all efforts, the driving experiences created within the study are not truly 
realistic, which threatens the external validity of the results. It would be 
desirable to replicate this study with participants driving their own 
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cars, in a private context, and over a longer period of time so that 
situations can be observed that do not occur under experimental 
settings (e.g., on the way home from work, on vacation, or when 
children are on board). 

Each of the identified triggers of negative emotional experiences is a 
potential source of aggression on the road and part of the wider context 
of the future system. In the further course of this work, these triggers 
are used to inspire the development of solutions to mitigate aggressive 
driving. Before, another aspect of the wider context is examined in the 
following: the driver. More precise, the interest is focused on 
interventions to mitigate a driver’s aggression directly.   
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IV. CHAPTER 
 

INTERVENTIONS AGAINST 
HUMAN AGGRESSION 

4.1 Background 

 

Besides mitigating aggressive driving by preventing, manipulating, or 
removing triggers of aggression, such behavior can also be changed 
directly (Shinar, 1998), which is the concern of RQ2 that focuses on 
intervention against human aggression (What are the interventions to 
change aggressive behavior in everyday situations?). There are several 
practical domains with a long tradition in the treatment of human 
aggression, such as psychotherapy, special education, or forensic 
psychology. Involving stakeholders from these domains, the aim of the 
following investigation is to determine effective strategies that people 
may use to mitigate aggression in everyday situations and that have the 
potential to be translated into technical solutions for the automotive 
domain.  

Much of the practical knowledge about how to regulate aggression 
comes from emotion research. In principle, each emotion is 
accompanied by physiological, attentional, behavioral, and expressive 
responses as well as the subjective experience of the emotion. 
Whenever an individual tries to modify at least one of these emotional 
components in terms of occurrence, form, duration, or intensity, this is 
called emotion regulation. The emotion regulation process can be 
directed at both positive and negative emotions by either increasing or 
decreasing them, and it can be managed by the self or an external 
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regulator, including objects, situational factors, and other people (Gross, 
1998). The most common framework of emotion regulation is the 
process model of emotion regulation (Gross & Thompson, 2007). The 
model distinguishes five regulative sub-processes that are directed at 
different phases of the emotion-generative process, including the 
situation in which the emotional trigger occurs (situation selection and 
modification), the individual’s focus of attention in this situation 
(attentional deployment), the individual’s appraisal of this situation 
(cognitive change), and the individual’s emotional response (response 
modulation; Figure 4.1.1). Situation selection, for example, refers to 
avoiding (or approaching) situations that are expected to elicit 
undesirable (or desirable) emotions. Cognitive change is every attempt 
to change one’s appraisal of the emotion-arousing stimulus (Gross & 
Thompson, 2007). 

 

 

Figure 4.1.1. Process model of emotion regulation according to 
Gross and Thompson (2007). 

As noted, different practical domains are concerned with the treatment 
of aggressive people and the issue of emotion regulation. In 
psychotherapy, the clinical application of emotion regulation 
techniques and the improvement of clients’ emotion regulation skills 
are part of the daily business. Deficits in the capability to regulate 
emotions contribute to the development of mental disorders, such as 
depression, phobias, or alexithymia. In the case of people with mental 
disorders, poor emotion regulation skills, moreover, can promote 
aggressive behavior patterns (Rottenberg & Gross, 2007). Also, for the 
rehabilitation of offenders (e.g., traffic, violent, or sexual offenders) and 
other forensic clients (e.g., stalkers or persons running amok), the issue 
of emotion regulation is of practical relevance as negative emotions 
increase the likelihood of offenses (Day, 2009; Harvey & Smedley, 2012). 
Aggression and negative emotions are also common in working 
environments. Studies have shown that anger correlates not only with 
workplace aggression and violence (e.g., leaving the work area when 
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the target enters or threats of physical attacks) but also with other 
negative reactions, such as increased blood pressure, stress, or reduced 
cooperation and productivity (Miron-Spektor & Rafaeli, 2009; Neuman 
& Baron, 1998). When conflicts with or between colleagues, employees, 
or executives escalate, de-escalation or anti-aggression trainers are 
deployed. Their work focuses on promoting interpersonal 
communication and empathy (Rew & Ferns, 2014). In sports—especially 
in martial arts—being aggressive is considered an optimal affective state 
due to the mobilizing function of aggression. Emotion regulation 
techniques can help to maintain this “optimal state”, which is dynamic 
in nature (Ruiz & Hanin, 2004). 

Inspired by these domains, the following sections present the results of 
expert interviews that were conducted to determine effective 
interventions against human aggression. The expert approach is 
supposed to show its benefits in two ways. First, since experts are “a 
carrier of deep knowledge of the research object” (Libakova & 
Sertakova, 2015, p. 117), their opinion is seen as fact, and insights 
derived from consulting them have a high external validity. Second, 
according to the theory of creativity, design processes should draw on 
the potential of cross-domain knowledge to foster creativity (Scotney, 
Weissmeyer, & Gabora, 2014). By interviewing experts from outside the 
context of driving, the expert approach also might increase the diversity 
of the results. 

4.2 Study 2: Expert Interviews 

4.2.1 Method 

Sample 

In total, 15 German experts (9 female, 6 male) that were concerned with 
human aggression professionally were interviewed (Appendix 2.1). On 
average, they had 14 years of professional experience in their respective 
field. Five experts worked in the (psycho-)therapeutic sector (P2, P8, 
P11, P13, P15). Their clients included individuals with mental disorders, 
criminals in open and closed prisons, violent children or adolescents, 
and traffic offenders. Two experts had a professional background in 
traffic research (T3, T14), one in martial arts (S1), three in probationary 

https://www.linguee.de/englisch-deutsch/uebersetzung/probationary+services.html
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services, offender assistance, and forensic psychology with a focus on 
extreme cases (e.g., violent and sexual offenders, people running amok, 
or stalkers; F4, F7, F12), and three in de-escalation and personal 
coaching for local government, healthcare institutions, or schools (D5, 
D6, D9). One expert (D10) was a physicist participating in a Mars 
simulation. The simulation was aimed at figuring out how an astronaut 
crew deals with interpersonal conflicts in a small space.  

The experts were recruited by a non-random technique. Initially, 
interesting persons were searched for online. For this, the keywords 
“aggression” and “emotion regulation” were combined with terms 
related to relevant domains, such as “de-escalation” or “psychotherapy.” 
The search results were screened for websites of institutions and self-
employed practitioners in German-speaking countries. Once a potential 
candidate was identified, he was contacted by phone. If the person was 
interested, an email was sent for further communication and the 
arrangement of the interview. All of the first contacts were generally 
open to the inquiry, and almost everyone agreed to an interview. Some 
of the first contacts, who did not want to participate, forwarded the 
request to colleagues or relatives. 

Procedure 

The interviews were held by the author and conducted either by 
telephone or at the experts’ place of work. The sessions lasted between 
45 and 90 minutes and were either audio-recorded (if participants 
consented) or protocoled by taking notes. The interviews were semi-
structured, supported by a topic guide including key and probing 
questions on (i) the experts’ understanding of aggression (i.e., types of 
aggression, triggers of aggression, emergence of aggression, relation 
between frustration and aggression) and (ii) their working practices 
with a focus on the regulation of aggression (i.e., interventions applied 
in face-to-face sessions with the client, interventions suggested for 
everyday situations, interventions in the context of driving, relationship 
with clients; Appendix 2.2). Additionally, probing techniques were used. 
First, the experts were asked to describe a typical aggressive client and 
the interventions they have applied in such a case. Second, they were 
asked to imagine sitting in a car next to an aggressive driver and 
suggest appropriate interventions to calm him down.  

https://www.linguee.de/englisch-deutsch/uebersetzung/probationary+services.html
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Data Preparation and Analysis 

The interviews addressed the issue of human aggression and its 
regulation holistically. The most interesting insights with respect to this 
thesis are the practically used intervention against aggression. Thus, the 
first step in data preparation involved transcribing expert statements 
from recordings and notes that include a concrete example of how to 
change aggressive behavior—whether inside or outside the context of 
driving. For this, the qualitative data analysis software MAXQDA was 
used. In total, 204 intervention examples were extracted.  

Second, the examples were summarized and structured by building an 
affinity diagram (Figure 4.2.1), which is an interactive way to organize 
field data into a consensual hierarchy (Holtzblatt & Beyer, 1993).  

 

 

 

Figure 4.2.1. Groups of anti-aggression (top) and their classification (bottom) obtained 
from the affinity diagram. 
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For this, the 204 transcripts were printed on paper notes and clustered 
on a pinboard by six employees working at the Mercedes-Benz 
Innovation Studio (3 permanent employees, 3 students completing an 
internship). At the beginning of the session, they were briefed about the 
design goal of this thesis, i.e., the development of a technology solution 
to mitigate aggressive driving. Then, in the first step, ten randomly 
chosen notes were given to each participant (in total 60 notes), which 
they grouped and labeled into clusters on their own. They formed an 
initial cluster and worked through the remaining notes by checking 
each one, whether it could be assigned to the existing cluster or not. If 
not, a new cluster was formed. This procedure was repeated until the 
ten examples were clustered. In the second step, participants clustered 
the remaining 144 notes in collaboration. This time, they checked each 
note against the existing clusters of all participants. Again, if no 
matching cluster existed, a new one was formed. Moreover, participants 
were allowed to reassign examples, rename clusters, and structure 
clusters hierarchically by forming higher-level categories.  

The affinity diagram session took around four hours and revealed 34 
distinct anti-aggression interventions that were categorized on three 
levels. The classification scheme obtained by the participants was 
digitalized as depicted in Figure 4.2.2 and provided the basis for the 
following presentation of results. 

 

 

Figure 4.2.2. Classification of the anti-aggression interventions (numbers indicate the 
number of distinct interventions per category). 

Physical Cognitive SocialMotivational Strategic

Active: 6 Avoiding: 3

ExtrinsicIntrinsicRegulator

System

Intervention 4 4 2
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4.2.2 Results 

Within the affinity diagram, 34 distinct interventions to mitigate 
aggressive behavior are classified on three levels. The distinct 
interventions represent the bottom level of this classification scheme, 
with each intervention grouping similar intervention examples 
together. They are presented in Table 4.2.1, including a short 
description and illustrative examples of each intervention. On the top 
level, the classification distinguishes between intrinsic interventions  
(24 distinct interventions) and extrinsic interventions (10). Intrinsic 
interventions are initiated by the self, while extrinsic ones are triggered 
by an external stimulus. On the second level, the interventions are 
specified according to the human system at which they have their 
primary impact, i.e., physical (12), cognitive (12), motivational (4), social 
(4), and strategic (2). Physical and cognitive interventions are intrinsic 
by nature, while the remaining types are inherently extrinsic. The five 
second-level categories of interventions are described in detail below. 

 Physical interventions involve the body and can be further 
characterized as active (6) or passive (6). Active physical 
interventions refer to the performance of physical activities and 
passive physical interventions refer to the perception of sensory 
input. An intervention example of the physical-active category is 
breathing, such as the short shout uttered when executing an attack 
in martial arts, named “Kiai” (S1). Here, the entire body is tensed for 
a short time, which focuses the physical energy and mental 
attention on the upcoming action. An exemplary intervention of the 
physical-passive category is gustatory stimuli (e.g., chili peppers or 
sour candies) that override the experience of aggression (F12).  

 Cognitive interventions require controlled cognitive processes.  
They support the individual in avoiding triggers of aggression (3), 
reflecting on the situation in which the feeling of aggression arises 
(7), or expressing an aggressive inclination in a non-harmful way. 
Cognitive distraction, i.e., to think about something different, is a 
common example of the avoidance category. An exemplary 
expressive intervention is the verbal expression of aggression by 
screaming, swearing, or talking to another person. To talk about 
their aggressive inclinations and experiences, astronauts have an 
unbiased contact person on the ground to talk to when there are 
conflicts with other crew members (D10). A ritual is an example of 
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a reflective intervention. One of the experts told of a client who lost 
his driver’s license and, as a result, had to use public transport (F7). 
After the return of his driver’s license, he fixed his last train ticket 
to the dashboard of his car. When aggression was boiling up again 
while driving, he would look at the ticket to remember how much 
he dislikes public transport.  

 Motivational interventions are directed at the reward center of 
the aggressor—his motivation—and refer to extrinsic motivators 
that can be material (e.g., addictive substances) or social (e.g., 
appreciation) in nature. 

 Social interventions are embedded in social interactions between 
the aggressor and the target of aggression or the aggressor and 
trigger of aggression. Given the example of verbal and non-verbal 
communication on the road, the only available information about 
other drivers is, “How quickly does another vehicle approach? At 
what distance does another vehicle enter my personal space? How 
big is the other vehicle?” (P13). If the interplay between driving 
speed, following distance, and status of the car is adequate, this can 
have a de-escalating effect. 

 Strategic interventions—in contrast to cognitive interventions—
activate automatic cognition by providing the aggressor with 
information that is easy to process. In psychotherapy, for example, 
emergency plans for outbursts of rage answer questions such as 
“Where can I go, who can I call?” (F7). The aim is to internalize this 
plan so that it is automatically activated in critical situations and 
leads the aggressor to the right way. 

As noted, the 34 distinct interventions represent the bottom level of the 
classification scheme. Besides these interventions, the experts generally 
emphasize the relationship with the client as a mediating factor for the 
effective implementation of the interventions. A good relationship is 
characterized by demonstrating empathy, appreciation, and interest 
toward the aggressor (8 experts) as well as by protecting the aggressor’s 
self-determination (3).  
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Table 4.2.1. Distinct anti-aggression interventions. 

Intervention Description 

Intrinsic – physical – active 

Breathing “Aggression leads to gasping respiration, so that the frontal brain, 
which is responsible for clear thinking, is no longer adequately 
supplied with oxygen. To counteract this, one needs to consciously 
take a deep breath” (F12). Here, “three to four breaths are already 
enough to calm down” (F4). An imaginative method to guide breathing 
is the “anger meter” (P2), whereby one has to envision a speedometer 
and to breathe down in analogy to this. Another technique is the 
“Kiai” (S1), a battle cry known from martial arts. 

Physical 
activity 

A low adrenalin level and optimal hormone balance prevent 
aggression and can be achieved through daily physical activity and 
sport. 

Physical  
distraction 

Doing something not related to the aggressive experience, such as 
dipping into work or walking backward. 

Physical reset Physically leaving the situation; in the driving context, for example, by 
getting out of the car, handing the car over to another person, or 
changing lanes to let a tailgater pass. 

Relaxation Recommended relaxing exercises include kneading a stress ball, 
progressive muscle / Jacobsen relaxation, autogenic training, or 
contracting hands and arms in slow motion. 

Somatic 
experience 

Somatic experiencing puts the focus on what is felt in the body while 
being aggressive (e.g., cramped face). If an inverse behavior is shown 
(e.g., smiling), the emotional state is adjusted toward this behavior. 

Intrinsic – physical – passive 

Acoustic 
stimuli 

Acoustic stimulation can be reached through music. However, what 
kind of music is appropriate in the given situation depends on 
individual preferences. 

Ambience The environment should be designed to be minimalist and clean (to 
avoid arousal) or warm and domestic (to create a feeling of safety). 

Color and 
brightness 

Calming colors are light versions of pink, blue, or green. Red can have 
a calming effect as its association with anger serves as biofeedback. 

Gustatory 
stimuli 

Gustatory stimuli can decrease aggressive behavior, if the intensity of 
the gustatory experience overrides the emotional experience, such as 
chili peppers or sour candies. 

Haptic  
stimuli 

Haptic activities include, for example, a foot massage, painting and 
working with clay, taking a cold shower, or having a cold drink. 

Olfactory 
stimuli 

Calming scents are ammoniac, orange, and lemongrass. 
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Continuation of Table 4.2.1. 

Intervention Description 

Intrinsic – cognitive – reflecting 

Change of  
perspective 

Aimed at promoting forgivingness, the aggressor takes on the 
perspective of the target of aggression. For example, offenders are 
confronted with videos of their victims, describing their view of 
things, and take on their perspective through role-playing. 

Cognitive reset Stop thinking about the situation by literally “making a point” (P2). 

Emotional 
mindfulness 

Emotional mindfulness, i.e., consciously dealing with your feelings, 
can be achieved by explicitly naming or ranking one’s emotions. 
Creative methods include the painting of emotions or the creation 
of associations via stories, pictures, or colors. 

Projection Similar to a scapegoat, the aggressive behavior is directed at a 
person or object that has nothing to do with the current situation. 

Reevaluation The reevaluation of the situation can be promoted by emphasizing 
the ineffectiveness or negative consequences of a behavior: “It 
makes no difference if you drive at 160 km/h or 100 km/h from 
Munich to Hamburg; you will arrive at the same time” (T3). 
Another technique is the “time catapult” (P2), where you ask 
yourself if the situation is still relevant in the future. Besides, 
reevaluation can be triggered by positive associations: “Whenever I 
see the road sign […], I've made it half of the way home. Then I’m 
happy” (P2). 

Ritual Rituals, such as the bow in martial arts or the handshake at the 
greeting, contain the promise not to harm each other. They 
function as a prime that prevents aggressive behavior. 

Situation  
reflection 

In general, situation reflection can be triggered by warnings that 
direct the attention to the stimulus that elicited the aggressive 
behavior or by messages that increase self-awareness (e.g., “Take 
care, you’re getting aggressive,” P2) and responsibility (e.g., “I got 
into this situation, because I’m traveling by car. I could also go by 
train or bike”, D5). 

Intrinsic – cognitive – expressing 

Expression of 
aggression in 
fantasy 

When expressing aggression in fantasy, one’s ideas should become 
increasingly abstract: “initially, instead of hitting him, I imagine 
hitting him. Then, I imagine I hit somebody or something else. 
Then, I imagine I'm just doing something else” (P15). 

Verbal  
aggression 

Aggression can be expressed verbally by screaming and swearing or 
talking to another person. 



  

 

4.2 Study 2: Expert Interviews  66 

Continuation of Table 4.2.1. 

Intervention Description 

Intrinsic – cognitive – avoiding 

Cognitive  
distraction 

Cognitive distraction means to think about something else, for 
example, through counting backwards, watching television, 
observing the environment, thinking about something humorous or 
positive memories. 

Situation  
avoidance 

An individual’s attempt to avoid a situation needs to be triggered. 
To provide an example of such a trigger, one of the experts 
described a client who was forced to use public transit when his 
driver’s license was revoked After he received his driver’s license 
again, he put his last train ticket on the dashboard of his car. When 
he became aggressive, he looked at the ticket to remind himself 
what he hates: public transport (F7). 

Repression To repress aggression, an expert suggested to “mentally create a 
tray, add the anger, and bring it out later to deal with it” (D10). 

Extrinsic – social  

Affect mirroring Affect mirroring means that another person expresses the same 
emotion as the aggressor to convey commitment. 

(Non-)verbal 
communication  

Good communication depends, among other things, on cooperation 
and objectivity. In the driving context, there are three non-verbal 
channels: approaching speed, approaching distance, and car size 
(P13). 

Empathy Empathy involves understanding and vicariously sharing the 
feelings of the aggressor, which can be reached by listening to the 
aggressor’s problems and showing attention through touch and eye 
contact. The more people know about each other, the more 
empathy increases, for example, knowing about the other’s 
emotional state, demographics, or driving motive. 

Team spirit Above all, activities known from experiential education strengthen 
team spirit and group feeling. 

Extrinsic – strategic 

Emergency plan Emergency plans facilitate decision-making in the case of 
aggressive outbursts by providing concrete instructions on what to 
do (e.g., “Where can I go? Who can I call?”, F7). 

Security through 
information 

Uncertainty promotes aggressive behavior. To avoid uncertainty, 
the individual needs information that creates a feeling of security. 
For example, drivers stuck in a traffic jam should be provided with 
information on the reasons and the duration of the delay. 
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Continuation of Table 4.2.1. 

Intervention Description 

Extrinsic – motivational 

Addictive 
substances 

Common examples are cigarettes and alcohol. 

Appreciation Appreciative words of others function as a social reward, which 
reinforces prosocial behavior. 

Punishment Punishing interventions are educational or legal in nature. In the 
driving context, the most significant penalty is the withdrawal of 
the driver’s license. 

Reward Rewards mainly refer to performance-related reinforcement, such 
as credit points or good grades. 

4.2.3 Conclusion and Discussion 

In order to answer RQ2 (What are the interventions to change aggressive 
behavior in everyday situations?), 15 experts dealing with human 
aggression professionally, were interviewed. The expert sample mainly 
consisted of professionals from the (psycho-)therapeutic domain but 
also included other practitioners concerned with the treatment of 
aggressive individuals, such as an astronaut or a martial artist. The 
interview material was classified by building an affinity diagram. This 
method revealed 34 distinct interventions to change aggressive 
behavior inside and outside the car. The classification scheme obtained 
structures these interventions on three levels. On the top level, a 
distinction is made according to the type of regulator that initiates the 
regulation process, which can be the self (intrinsic) or an external 
stimulus (extrinsic). The subordinate level specifies the interventions 
based on the human system they are directed at (physical, cognitive, 
motivational, social, and strategic). The distinct interventions 
themselves constitute the bottom level of the classification scheme. This 
comprehensive overview of anti-aggression interventions stands out 
due to its diverse and, in part, extraordinary examples, such as drinking 
a cup of cold water or eating extremely sour candies.  

The substantive and methodological discussion is about the external 
validity of the identified interventions (Libakova & Sertakova, 2015) and 
their translation into technical solutions for the automotive domain. 
Considering the external validity, it has to be emphasized that each 

https://www.linguee.de/englisch-deutsch/uebersetzung/practitioners.html
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intervention has to be checked on an individual level and cannot be 
generalized per se. This becomes clear, for example, by considering the 
use of music as an intervention to regulate aggression. While some 
drivers need calm music for this purpose, others prefer aggressive 
music (FakhrHosseini & Jeon, 2016). Addressing the potential for 
technical implementation of the interventions, the restricting factors 
are the risk of driver distraction and the limited freedom of movement 
in the car (Horberry, Anderson, Regan, Triggs, & Brown, 2006). Given 
these factors, the implementation of the intervention must be done in 
such a way (i) that the system task does not interfere with the primary 
driving task and (ii) that the system task only requires as much physical 
movement as the automotive space allows.  

Together with the emotional triggers of aggression identified in 
chapter III, the anti-aggression interventions help to understand the 
wider context of the future system and provide the empirical 
foundation for the next step of the HCD process, aimed at generating 
ideas of persuasive solutions to mitigate aggressive driving.  
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V. CHAPTER 
 

IDEAS TO MITIGATE 
AGGRESSIVE DRIVING 

5.1 Background 

After gaining an understanding of the wider context of the future 
system in chapter II (triggers of aggression) and chapter III 
(interventions to regulate human aggression), this chapter faces the 
third stage of the HCD process that is aimed at the ideation of 
Persuasive Technology solutions to mitigate aggressive driving 
(Maguire, 2001). More precisely, the goal is to generate innovative ideas 
that stand out from the state of the art.  

In the literature, the term “innovation” is a multidisciplinary construct 
with various definitions (Baregheh, Rowley, & Sambrook, 2009; 
Wijngaarden, Hitters, & Bhansing, 2019). Among these definitions, the 
understanding of Joseph Schumpeter, who was the first emphasizing 
the importance of a product’s innovativeness for its economic success, 
gained considerable attention. According to Schumpeter (1947), 
innovation is basically “the doing of new things or the doing of things 
that are already done, in a new way” (p. 149), including the 
development of new products and services, the adaption of existing 
solutions, process innovations, or organizational changes. Against this 
background, it is important to differentiate between an idea and an 
innovation, claiming that not every idea is innovative per se. The 
difference lies in the economic success and the individual and social 
changes associated with the idea (O’Sullivan & Dooley, 2008). An idea’s 
innovative potential is reflected, for example, in its patentability, degree 
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of novelty, design attractiveness, and business feasibility (Justel, Vidal, 
Arriaga, Franco, & Val-Jauregi, 2007). 

It is commonplace that the best ideas pop-up when you least expect 
them to: in the supermarket, while walking the dog, or in the shower 
(Ovington, Saliba, Moran, Goldring, & MacDonald, 2018). However, all 
organizations have to produce innovations on-demand to be 
competitive (Brem, 2019; O’Sullivan & Dooley, 2008). Thus, both science 
and practice have begun to develop methods and tools to enhance 
ideation. In business contexts, ideation workshops are a common way 
to involve employees and external stakeholders (e.g., end-users or 
suppliers) in the product innovation process. These workshops help to 
reveal a maximum of radically new ideas, improve an existing product, 
or solve a technical problem (Brem, 2019). At the Mercedes-Benz AG, 
the Innovation Studio specializes in planning and conducting ideation 
workshops. Per year, the Innovation Studio hosts 50 to 80 workshops 
(Figure 5.1.1). 

 

 

Figure 5.1.1. Impression of the Innovation Studio. 

The practical guidelines for how to plan and run an ideation workshop 
successfully are numerous. Such guidelines describe an ideal process, 
which has to be adapted to the present context, product, or problem 
space. Brem (2019), for example, has presented a structured approach to 
ideation workshops tailored to industrial research and development 
departments. Before the workshop, the topic, a specific research 
question, the location, necessary materials, the duration, and the group 
composition of the workshop are determined. A workshop takes at least 
two to four hours and has a maximum of two days. Usually, a workshop 
group includes five to seven participants. If there is a larger group, it is 
recommended to separate the participants into subgroups. The group 
should consist of individuals with diverse backgrounds to consider the 
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topic from different perspectives, but with some commonalities to make 
it easier for them to collaborate. According to Brem (2019), an ideation 
workshop follows a general structure that is enriched with different 
creativity methods, including free association tasks (e.g., 
brainstorming), structured association tasks (e.g., Walt Disney method), 
configuration techniques (e.g., attribute listening), confrontation 
techniques (e.g., buzzword analysis), or imagination techniques (e.g., 
fantasy journeys). Each workshop should start with a personal and 
professional entry. Following, the core workshop consists of five 
phases: idea collection, idea generation, idea consolidation, idea 
evaluation, and idea elaboration. In the collection phase, participants 
recapture their existing associations with the workshop topic using 
association tasks. In the generation phase, they are encouraged to come 
up with new or unknown ideas with the help of confronting, 
configuration, and imagination techniques. Following, all material the 
participants produced during the workshop is consolidated by 
collecting it in one place. In the evaluation phase, the ideas are 
prioritized and selected. This can be done by involving the workshop 
participants (e.g., visual voting or colored dots) or other people who are 
not operatively involved in the workshop but, for example, responsible 
for its funding. Finally, participants have the possibility to further 
elaborate on their idea(s) by conceptualizing and prototyping them. The 
final ideas and prototypes are presented to the other participants and 
relevant stakeholders. The workshop should close with a feedback 
round in which participants can share their  suggestions and criticism 
regarding the workshop (Brem, 2019).  

This chapter describes a series of ideation workshops that are aimed at 
generating technology-based ideas to mitigate aggressive driving. 
Thereby, the empirical findings revealed so far, i.e., the triggers of 
aggressive driving and the anti-aggression interventions, are taken up 
and transformed into tangible solutions. 

5.2 Study 3: Ideation Workshops 

Under the title “ideas against anger and aggressions behind the wheel,” 
six ideation workshops were run in order to generate innovative ideas 
to mitigate aggressive driving. Each workshop took place at the 
Mercedes-Benz Innovation Studio, which provided the perfect 
environmental and material conditions for the purpose of ideation. 
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After the workshop days, the generated ideas were evaluated by 
innovation experts from the automotive domain. 

5.2.1 Method 

Sample 

All workshop participants were employees of the Daimler Group. Six 
workshop days were offered to give a large number of people the 
chance to take part during their daily work hours. The proposed dates 
were announced via an email invitation. The invitation was distributed 
within internal departments that were supposed to be concerned with 
the issue of aggressive driving (e.g., driver assistance systems, 
navigation, or safety functions). The recipients were asked to choose 
one of the six appointments and to forward the email to colleagues. In 
doing so, 546 email invitations were initially sent out. 

In total, 108 participants took part in the six workshops (session 1: 19; 
2: 16; 3: 20; 4: 14; 5: 21; 6: 18), of which 57 were male and 51 were 
female. Their age ranged from 20 to 63 years, with a mean of 34.5 
(SD = 10.1). Out of the participants, 29.6 percent had never attended a 
workshop at the Innovation Studio before. Around half of them (50.9%) 
had already participated in a workshop between one and five times, 5.6 
percent between six and ten times, and 13.8 percent over 20 times. 

Procedure 

Each workshop was scheduled for three hours and followed the same 
agenda, as depicted in Figure 5.2.1.  

 

 

Figure 5.2.1. Structure of the ideation workshops. 
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First, participants were welcomed by the workshop team (i.e., the 
author and three students working at the Innovation Studio) and 
introduced themselves to each other. They were then convened in the 
forum of the Innovation Studio where they listened to a 15-minute 
presentation on the consequences, triggers, and treatment of aggressive 
driving based upon previous research (Figure 5.2.2).  

 

  

Figure 5.2.2. Forum of the Mercedes-Benz Innovation Studio. 

Each workshop included two ideation sessions using different self-
developed creativity methods. The first was called Ideation Forest 
(Figure 5.2.3). For this, the hall was transformed into a forest by 
randomly arranging meta-plan boards printed with trees. On each 
board, a question on aggressive driving was depicted that was 
previously brainstormed by the workshop team (e.g., “Why do I swear 
out loud in the car but not at the supermarket cash register when things 
take too long?”). Participants walked through the forest and answered 
as many questions as they wanted by writing on the boards. Then, they 
selected a single answer and generated an idea inspired by this thought. 
They wrote their idea, on a one-pager including title, description, 
context of use, and challenges (Appendix 3.1). Afterward, all ideas were 
presented one after the other in a 30-second pitch to the other 
participants. During the pitch, the audience evaluated the ideas 
according to the criteria (i) attractiveness of the design, (ii) level of 
novelty, (iii) personal usefulness, and (iv) business feasibility using the 
labels “very low” (1), “low” (2), “medium” (3), “high” (4), and “very high” 
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(5; Justel et al., 2007). For this, an evaluation form was prepared 
(Appendix 3.2). 

 

    

Figure 5.2.3. Impressions of the creativity methods “Ideation Forest”. 

The second creativity method was called Draw something. For this, four 
containers with different types of notes were prepared: (i) personas, (i) 
types of drivers, (ii) triggers of aggression while driving, and (iii) 
interventions to mitigate human aggression (Figure 5.2.4). The personas 
were created by the workshop team in a previous brainstorming session 
(e.g., a mother driving with her child in the backseat, an old married 
couple, or a trucker). The driver types were based on Taubman-Ben-Ari, 
Mikulincer, and Gillath (2004), who propose eight different driving 
styles (e.g., angry driving, high-velocity driving, or patient driving). The 
triggers (e.g., frequent red lights, slow vehicle ahead, or bad weather) 
and interventions (e.g., breathing, haptic stimuli, or team spirit) were 
derived from the research conducted so far in this thesis. In pairs of 
two, participants drew a note from each container and generated an 
idea by combining the information. Again, the ideas were written on 
one-pagers, presented to the other participants, and evaluated by the 
audience. After this ideation session, the workshop concluded with a 
feedback round and a paper-pencil questionnaire to capture background 
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information about the participants (i.e., gender, age, and the number of 
workshops attended at the Innovation Studio). 

 

   

 

Figure 5.2.4. Examples of notes of aggressive triggers (top) and interventions (bottom). 

Expert Evaluation 

In total, 164 idea one-pagers were generated in the six workshops. After 
the workshop days, all ideas were evaluated by four experts. All experts 
were employees of the Innovation Studio, with one belonging to the 
management level. Two experts (including the author) were specialized 
in customer research. The other two experts provided special expertise 
on product innovation processes. Like the workshop participants, the 
experts evaluated the ideas in terms of the (i) attractiveness of the 
design, (ii) level of novelty, (iii) personal usefulness, and (iv) business 
feasibility of the ideas. The criteria were assessed on a scale with the 
labels “very low” (1), “low” (2), “neither nor” (3), “high” (4), “very high” 
(5; Justel et al., 2007). By calculating the mean of these criteria, the 
innovative potential of the ideas was determined. For the expert 
evaluation, a CSV-based questionnaire was prepared, including the 
transcribed one-pagers. The experts filled in the questionnaire 
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individually. According to them, two of the one-pagers did not describe 
an idea, so these were eliminated from further analysis. For the 
remaining 162 ideas, the intra-class correlation coefficient of the expert 
ratings was calculated using a two-way mixed-effects model (Koo & Li, 
2016). Unfortunately, the values are indicative of poor reliability when 
considering the criteria assessed individually, i.e., ICCAttractivness = .32, 
ICCNovelty = .38, ICCFeasibilty = .50, and ICCUsefulness = .32. In addition to the 
expert evaluation, the ideas were clustered by the author of this thesis. 

5.2.2 Results 

In the following, the results of the expert evaluation and the idea 
clusters are reported. In order to protect the rights of the idea creators, 
the individual ideas are not described in detail but by means of their 
title and the clusters to which they were assigned.   

The 162 ideas can be grouped into nine different clusters: (i) affect-
adaptive telematics, entertainment, and comfort functions (51 ideas), (ii) 
communication with other road users (27), (iii) gaming and gamification 
applications (24), (iv) affect-sensitive driving assistance systems (18), 
(v) empathetic in-car agent (15), (vi) relaxation and physical activity 
(12), (vii) task and time management while driving (6), (viii) advanced 
navigation (5), (ix) and emotion recognition methods (4). The last 
cluster describes technical enablers that are used to automatically 
recognize the driver’s affective state, for example, by analyzing 
physiological signals, driving data, gaze movements, and facial or verbal 
expressions. However, the ideas of this cluster do not describe a specific 
idea of how this technology might be used to mitigate aggressive 
driving. Thus, these ideas are not considered further. The remaining 
eight clusters are briefly described below. 

 Affect-adaptive telematics, entertainment, and comfort 
functions: this cluster includes ideas that use the existing in-car 
features, such as displays, ambient light, massage seats, air 
conditioning, music and sound, fragrances, or even surfaces. If the 
vehicle detects a negative emotional state, it adapts these channels 
so that they have a calming effect on the passengers. The 
participants named their ideas, for example, “Rolling Comedian,” 
“Beautiful Memories,” or “Cool-down Entertainment.” 

 Communication with other road users: the ideas of this cluster 
support road users in exchanging personal and traffic-related 
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information (e.g., sociodemographic data or emotions) or 
participating in collaborative activities (e.g., playing a game or 
relaxation exercises) by using vehicle-to-vehicle communication. 
Ideas in this category bore titles such as “Common Interest 
Indicator,” “Navigation-based Driver Community,” or “Show your 
Emotions.” 

 Gaming and gamification applications: the applications refer to 
games that drivers or passengers can play while driving or standing 
(e.g., during a red phase or traffic jam). In contrast to the 
communication cluster, these games are not aimed at being played 
with other road users. Corresponding ideas were called “Traffic Jam 
Tinder,” “Driving Safety Score,” or “Red Traffic Light Quiz.” 

 Affect-sensitive driving assistance systems: this type of driving 
assistance systems attempts to correct inappropriate driving 
behavior (e.g., blocking the far left lane or speeding) that occurs 
under the influence of negative emotions. If a negative emotional 
state of the driver is detected by the system, he is either explicitly 
informed of his misconduct or the driving assistance systems are 
automatically adapted so that traffic violations are prevented (e.g., a 
higher distance setting on the adaptive cruise control). Exemplary 
ideas included “Drive-on-the-Right-Lane-Assistant,” “Mindful 
Driving,” or “Be-Nice-Assistant.” 

 Empathetic in-car agents: the aim of empathetic agents is to 
replace a human co-driver, who calms the driver down. Empathetic 
agents are characterized by their intelligent and social interaction 
style. Most of the ideas are based on verbal communication and had 
names such as “Stress Buddy” or “Talk Master 2000.” 

 Relaxation and physical activity: if the driver is stressed, the 
systems of this category can function in two ways. On the one side 
they can provide guidance on relaxing or activating activities that 
can be performed in the car (e.g., “Get Fit”). On the other side, they 
can activate in-vehicle comfort function with a calming effect (e.g., 
“Whole Body Relaxation Program”). 

 Task and time management while driving: the ideas support 
the driver in making better use of time in the car and, therefore, 
reduce the feeling of time pressure. This is done by features that 
make it possible to write emails, manage appointments, or have a 
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meeting while driving. Examples are the “Sorry-too-late-
messenger” or the time management tool “Stress-free Trip.” 

 Advanced navigation: advanced navigation functions guide the 
driver through routes that are supposed to elicit positive emotions. 
These ideas have titles such as “Driving Flow Supporter,” “Navi on 
Demand,” or “Off-road Alternative Route.” 

Overall, the 158 relevant ideas had only medium innovative potential. 
The mean was 2.98 (SD = .30), which is close to the mean of the scale 
(M = 3.00). Looking at the individual criteria, the ideas were assessed as 
only moderately useful (M = 3.11, SD = .47), attractive (M = 2.97, 
SD = .50), novel (M = 2.95, SD = .53), and feasible (M = 2.89, SD = .61). On 
the cluster level (Table 5.2.1), the ideas with the highest innovative 
potential were in the cluster “task and time management while driving” 
(M = 3.27, SD = .65), followed by “advanced navigation” (M = 3.22, 
SD = .58) and “affect-sensitive driving assistance systems” (M = 3.04, 
SD = .48). “Task and time management” ideas also received the highest 
ratings in terms of attractiveness (M = 3.50, SD = .87) and usefulness 
(M = 3.79, SD = .91). The most feasible ideas were related to “advanced 
navigation” (M = 3.45, SD = 1.12) and the most novel ones to 
“communication with other road users” (M = 3.25, SD = .95).  

Table 5.2.1. Expert evaluation of idea clusters. 

 M (SD) 

Cluster Attractive Useful Novel Feasible Innovative 

Task and time management  3.50 (.87) 3.79 (.91) 2.38 (1.22) 3.42 (1.08) 3.27 (.65) 

Advanced navigation 3.10 (.77) 3.10 (.94) 3.16 (1.04) 3.45 (1.12) 3.22 (.58) 

Driving assistance systems  2.83 (.83) 3.42 (.83) 3.21 (.90) 2.69 (.94) 3.04 (.48) 

Gaming and gamification  3.11 (.90) 2.93 (.82) 3.22 (1.06) 2.86 (.95) 3.03 (.54) 

Empathic in-car agent 3.05 (.72) 3.23 (.69) 2.95 (1.02) 2.78 (.88) 3.00 (.62) 

Relaxation and activity 2.87 (.82) 3.17 (.75) 2.64 (1.06) 3.28 (.79) 2.99 (.54) 

Telematics, entertainment, 
and comfort functions 

2.98 (.84) 3.06 (.75) 2.72 (1.12) 3.15 (.81) 2.98 (.54) 

Communication  2.82 (.83) 2.94 (.71) 3.25 (.95) 2.28 (1.08) 2.82 (.50) 

N = 4; scale: 1 “very low” – 5 “very high” 

 

Looking at the distribution of the innovative potential of the individual 
ideas, 95 percent received a value below 3.50 (25th percentile: 2.75, 
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50th percentile: 3.00, 75th percentile: 3.19, min: 1.92, max: 3.56; Figure 
5.2.5). The five percent of ideas with the highest innovative potential 
were “Empathic Car” (M = 3.56, SD = .55, cluster: empathic in-car 
agent), “Stress-free Trip” (M = 3.56, SD = .69, cluster: task and time 
management), “Redirect Attention” (M = 3.50, SD = .58, cluster: task and 
time management), “Mindful Driving” (M = 3.50, SD = .41, cluster: 
relaxation and activity), “Beautiful Memories” (M = 3.50, SD = .35, 
cluster: telematics, entertainment, and comfort functions), “Car Quiz” 
(M = 3.50, SD = .54, cluster: gaming and Gamification), “Mercedes-Benz 
Community” (M = 3.50, SD = .29, cluster: communication), and “Drive-
on-the-Right-Lane-Assistant” (M = 3.50, SD = .58, cluster: driving 
assistance systems).  

 

 

Figure 5.2.5. Percentiles and distribution of the innovative potential of the ideas. 

5.2.3 Conclusion and Discussion 

The previous sections described a series of six ideation workshops that 
were conducted to generate innovative ideas of Persuasive Technology 
to mitigate aggressive driving. The workshops, in which 108 
participants took part, revealed 158 relevant ideas that were evaluated 
by an expert sample in terms of the (i) attractiveness of their design, (ii) 
level of novelty, (iii) personal usefulness, and (iv) business feasibility. 
Based on these criteria, the innovative potential of the ideas was 
calculated. In addition, the ideas were assigned to eight relevant 
clusters: (i) affect-adaptive telematics, entertainment, and comfort 
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functions, (ii) communication with other road users, (iii) gaming and 
gamification applications, (iv) affect-sensitive driving assistance 
systems, (v) empathetic in-car agent, (vi) relaxation and physical 
activity, (vii) task and time management while driving, (viii) advanced 
navigation. Overall, the innovative potential of the ideas was only 
moderate, which suggests that the workshops did not produce 
particularly innovative ideas. 

In practice, however, it is not uncommon that, despite all efforts, 
ideation workshops and other creativity methods do not result in 
innovative outcomes, underpinning the consensus that innovation on 
demand is hard to achieve (Ovington et al., 2018). In the present case, 
the lack of innovation could be explained by the fact that the final 
workshop phase—the idea elaboration—was omitted (Brem, 2019). 
Another methodological limitation is the low degree of agreement 
between the experts regarding their evaluation of the ideas, which may 
be due to their different perspectives. For example, a manager 
responsible for the economic success of a company will focus on the 
business feasibility of an idea; a user researcher will place special 
emphasis on its usability; and an expert concerned with product 
innovation processes, will be more critical when it comes to its novelty. 
These priorities could have counterbalanced each other, which would 
explain the moderate innovation potential of the ideas. Nevertheless, 
one should not forget that experts do not reflect the opinion of the 
masses and that an idea can still turn out to be a success on the market. 

Despite the moderate evaluation of the ideas, the workshops revealed 
thought-provoking impulses that might inspire the further elaboration 
of a persuasive system solution to mitigate aggressive driving. Here, 
special focus should be placed on the core concepts behind the 
identified idea clusters. They emphasize, for example, the importance of 
time (cluster “time and task management while driving”), the role of the 
car as a human-like co-driver (cluster “empathic in-car agent”), or the 
car as a place of retreat (cluster “relaxation and activity”).   
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VI. CHAPTER 
 

ELABORATION OF THE 
DRIVING FEEDBACK AVATAR 

6.1 Background 

The results of the ideation workshops are full of inspiring impulses for 
the development of a persuasive system solution to mitigate aggressive 
driving. The perspective that was most inspiring for the future system 
was the one of an empathetic in-car agent that attempts to calm the 
driver down. This chapter explains why this perspective stands out 
from the state of the art and how it was elaborated on. As a result of 
this elaboration process, a concrete system concept with design and 
technical specifications is presented: the Driving Feedback Avatar. 

What characterizes the idea of an empathetic in-car agent is its 
intelligent and social nature. In contrast, most of the other workshop 
ideas are technology-driven and focus on functional purposes, such as 
saving time, exchanging information, or improving driving 
performance. The idea of a car with intelligent and social features 
contributes to the trend of the car as a human-like co-driver (Eyben et 
al., 2010; Wiese, Shaw, Lofaro, & Baldwin, 2017). It is commonplace for 
people to name their cars, talk to them, or equip them with personal 
belongings, all of which are manifestations of the social relationship 
people have with their cars. With the arrival of artificial intelligence, 
the car of the future could encourage this social interaction by using 
natural language, recognizing and expressing emotions, or adopting 
non-verbal communication patterns such as eye and head movements 
(Wiese et al., 2017). Elaborating on the idea of an intelligent and social 
in-car agent that attempts to calm the driver down, the following 
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questions arise: what could such an agent look like and which 
intervention should be used to calm the driver down? 

The first question asks for the embodiment of the agent so that it can be 
seen, heard, or sensed by drivers and passengers (Pfeifer & Iida, 2003). 
“Embodiment is an inherent property of an agent that exhibits 
intelligent behaviour leading to the now established hypothesis that, in 
order to achieve cognitive capabilities or a degree of intelligence in an 
agent, a notion of embodiment is required” (Duffy & Joue, 2000, p. 28). 
Thereby, the agent does not need to have a physical form to reach a 
certain degree of embodiment. Manifested in the theory of mind, non-
physical attributes, such as a voice or a name, can also trigger the 
mental projection of intelligence and social competences on non-human 
entities (Zarkadakis, 2016). In section 2.3 Related Work: In-car Interfaces, 
some examples of embodied in-car interfaces were already given, 
including visual and auditory representations. The design approach that 
significantly influenced the design of the future system is described in 
section 6.2.3 Avatar and Feedback Design. 

The second question can be answered by reviewing the anti-aggression 
interventions identified in chapter IV. Among these, situation reflection 
is examined in more detail. According to this intervention, aggression 
can be regulated by making the aggressor aware of his emotional state. 
One reason for focusing on this intervention is that the principle of 
situation reflection is also used by feedback-based systems that have 
been demonstrated to have a positive effect on behavior change in the 
context of driving (2.3 Related Work: In-car Interfaces). Theoretically, 
feedback is a performance indicator based on the outcome of a behavior 
(Wilson, Bhamra, & Lilley, 2015). By providing the individual with 
feedback on his performance, he can make associations between the 
behavior and its consequences. This association may initiate the 
evaluative reflection of the behavior, which, in turn, may lead to 
behavior change. Many feedback systems—inside and outside the 
context of driving—use avatars or other abstract representations to 
transmit the feedback information (Figure 6.1.1). For example, visual 
feedback systems to foster ecological driving represent the driving 
performance by the growth level of a plant. Health applications, such as 
drink reminders, use plant-like metaphors to visualize an individual’s 
health status. Also, the Tamagotchi is an example of an avatar-based 
feedback system. Here, the focus is on one’s care-taking behavior. The 
Tamagotchi is a “tiny pet from cyberspace who needs your love to 
survive and grow. If you take good care of your Tamagotchi pet, it will 
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slowly grow bigger, healthier, and more beautiful every day. But if you 
neglect your little cyber creature your Tamagotchi may grow up to be 
mean or ugly” (Schlatz, 2014).  

 

 

   

Figure 6.1.1. Drink reminder application Plant Nanny (top; Fourdesire, 2014), Ford eco 
interface (bottom left; Ford, 2016), and the Tamagotchi (bottom right; Schlatz, 2014) 

Concluding the previous considerations, the future system is supposed 
to be an intelligent and social in-car agent with some kind of 
embodiment. The purpose of the system is to give the driver feedback 
on his driving behavior—with a special focus on aggressive driving—so 
that he voluntarily drives less aggressively. The system is called Driving 
Feedback Avatar (DFA). 

6.2 Conceptualization 

In the subsequent sections, the basic idea of the DFA is shaped into a 
concrete concept. For this, the following aspects are specified: (i) the 
aggressive driving behaviors that are fed back, (ii) the rules according to 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjfjvePh7PnAhUisKQKHaS9D3IQjRx6BAgBEAQ&url=https://www.bergstromfordneenah.com/ModelDetails?make%3Dford%26year%3D2019%26model%3Dfusion&psig=AOvVaw3IXSOryJK65FL09qspTV-G&ust=1580739280529044
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which the feedback is given, and (iii) the design of the avatar and the 
feedback. Moreover, the theoretical foundations on which the assumed 
persuasiveness and effectiveness of the system are based are 
introduced. The technical principle of the DFA is patented (Patent No. 
DE10 2019 003 623.9, 2020). 

6.2.1 Aggressive Driving Behaviors 

In order to determine the behaviors the DFA should consider, common 
questionnaires regarding the expression and perception of aggressive 
driving were reviewed. These questionnaires provide concrete 
descriptions of behaviors that may be relevant. In line with the variety 
of definitions of aggressive driving, a corresponding number of 
questionnaires emerged. For example, understanding aggressive driving 
as an intentional act to harm, Dula and Ballard (2003) developed the 
Dula Dangerous Driving Index that includes scales for risky driving (e.g., 
“I will cross double yellow lines to see if I can pass a slow moving 
car/truck”), negative cognitive/emotional driving (e.g., “I consider the 
actions of other drivers to be inappropriate or stupid”), and aggressive 
driving (e.g., “I flash my headlights when I am annoyed by another 
driver”). Focusing on hostile driving and road rage, Özkan and Lajunen 
(2005) proposed the Driver Aggression Indicator Scale that differentiates 
between hostile aggression and revenge (e.g., “hugged the rear bump”) 
and aggressive warnings (e.g., “made a hand gesture”). Defining 
aggressive driving as a pattern of unsafe driving, Harris, Houston, 
Vazquez, Smithers, and Harms (2014) presented the Prosocial and 
Aggressive Driving Inventory, measuring safe driving behaviors (e.g., 
“obey traffic signs”) and unsafe driving behaviors (e.g., “drive 15 miles 
per hour faster than the posted speed limit”). Finally mentioned, the 
Perception of Aggressive Driving Scale incorporated different scales of 
existing questionnaires, considering behaviors such as “shouting and 
cursing,” “not signaling turns and lane changes,” or “sudden and 
frequent change of lane” (Alonso, Esteban, Montoro, & Serge, 2019).  

After summarizing the behaviors reported in these questionnaires, they 
were checked against two criteria: (i) the possibility of automatic 
detection using vehicle sensors (e.g., cameras, radar, or microphones) 
and artificial intelligence (e.g., face or gesture recognition) and (ii) the 
probability of occurrence on the highway. Due to the first criterion, 
behaviors that are characterized by the driver’s intent were excluded. 
Intentions are hypothetical states that cannot be observed but have to 
be inferred from overt behavior (Houston et al., 2003). For instance, in 
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the case of the behavior “follow the vehicle in front of me closely to 
prevent another vehicle from merging in front of me” the assumed 
intent is to prevent another driver from merging in (Harris et al., 2014). 
However, another reason for a short following distance could be that 
the driver is in a hurry or that he misjudges distance’s criticality. The 
second criterion describes the initial use case of the system. The choice 
for this road type was mainly driven by the fact that, due to high 
velocity, accidents resulting from aggressive driving tend to be 
particularly severe on the highway (European Commission, 2018). As a 
result, the following nine aggressive driving behaviors were considered 
relevant for the conceptualization of the DFA: 

(1) Tailgating 

(2) Exceeding the speed limit 

(3) Not using the indicators before changing lanes 

(4) Using the indicators shortly before changing lanes 

(5) Verbally insulting other road users 

(6) Making insulting gestures toward other road users 

(7) Flashing headlights at a slower vehicle  

(8) Changing in one go from the right lane to the very left lane (on a 
road with at least three lanes) 

(9) Passing a single continuous center line  

6.2.2 Feedback Algorithm 

To get a better idea about the functionality of the DFA, one could 
remember the Tamagotchi. The emotional state of the Tamagotchi pet 
depends on the user’s care-taking behavior. In the case of the DFA, the 
pet is replaced by an in-car avatar that has the capacity to express 
emotions. The emotional state of the avatar relates to the user’s driving 
behavior. What this avatar looks like, is described in the following 
section 6.2.3 Avatar and Feedback Design. For now, it is enough to know 
that the driver can take care of the avatar by not driving aggressively. 
This means that if the driver shows no aggressive driving behavior, the 
avatar “feels good” and expresses a positive emotion (positive feedback). 
In contrast, if the driver drives aggressively, the avatar “feels bad” and 
shows a negative emotion (negative feedback).  

Severe driving violations have a stronger negative impact on the 
avatar’s well-being than milder ones. Thus, technically, the feedback 
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algorithm is an integral function based on the frequency of each 
detected relevant aggressive driving behavior and its severity. Both 
factors are multiplied and summed up over the elapsed driving time. 
The result of this function is an aggressive driving score. The score is 
adapted every time an aggressive action is detected and constantly 
mapped on the emotional state of the avatar. If the upper (or lower) 
level of the current state is reached, the avatar changes to the next state. 
Thus, the avatar’s emotional state changes gradually. 

Important to note, the DFA does not actively provide positive feedback 
on prosocial driving. This decision is based on a study conducted by 
Byrne et al. (2012), who investigated  the effect of positive and negative 
feedback provided by a Tamagotchi-like avatar on the likelihood to eat 
breakfast. For this purpose, the smartphone game Time to Eat was 
developed. In the game, the player chooses a pet avatar (e.g., dog, 
dinosaur, or penguin) from which he receives a message each morning, 
prompting him to eat breakfast and send a picture of the meal. 
Depending on the meal’s healthiness, each picture receives a score 
based on which the pet appears very unhappy, mildly unhappy, neutral, 
mildly happy, or very happy. In a field experiment, 53 adolescents 
playing the game were asked to send a photo under one of three 
conditions: (i) from the pet giving negative and positive feedback, (ii) 
from the pet giving neutral and positive feedback, or (iii) from a 
designated mail address without feedback. As a result, participants with 
a pet that expressed positive and negative emotions were twice as likely 
to eat breakfast, relative to participants with a pet that gives no 
negative feedback and participants of the no-pet condition. 
Additionally, participants exposed to negative emotions were more 
attached to the pet and had a better gaming experience than those 
whose pet only expressed positive emotions.  

6.2.3 Avatar and Feedback Design 

Design Options 

The design of the DFA was guided by the PIDAF that is detailed in 
section 2.2.2 Behavior Change through Persuasive Technology: Persuasive 
Interface Design Framework in the Automotive Domain. The nine design 
options proposed within this framework are specified for the DFA. 

 Modality: auditory or haptic information quickly captures the 
driver’s attention and is mainly used if an immediate response is 
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required (Campbell et al., 2016). Both feedback modalities increase 
not only perceived urgency but also annoyance, neither of which 
should be caused by the DFA (Marshall, Lee, & Austria, 2007). Thus, 
the decision was made in favor of a visual interface. 

 Placement, integration, mobility, and ambience: displays are 
the major device to provide visual information in the car. 
Considering the available in-car displays, the DFA might be 
integrated into the center console display, the instrument cluster, or 
the head-up display. While the first option places the system in the 
periphery, the last two options put the system closer to the driver’s 
field of view. As a general principle, the higher the priority of 
information the closer it should be located to the driver’s vertical 
viewing position. Priority is based on the information’s relevance 
for the primary driving task (i.e., controlling and navigating the 
car), criticality, urgency, and frequency of use (Burns, Andersson, & 
Ekfjorden, 2000). However, none of these criteria applies to the 
information given by the DFA so that a peripheral solution was 
pursued. A mobile solution was not considered in the first step. 

 Feedback and frequency: basically, there are two types of 
feedback: instant and delayed feedback. Instant feedback is 
provided directly after a relevant behavior has occurred. It is 
supposed to have a greater impact on changing the behavior in 
question, relative to delayed feedback, because it strengthens the 
cognitive link between the behavior and its consequences and 
creates an awareness of the behavior. Delayed or summative 
feedback is mainly used to summarize performance and to monitor 
progress over time (Wilson et al., 2015). To increase the 
effectiveness of the DFA, a combined solution, integrating both 
instant and summative feedback, was pursued (Addalena & Aras, 
2005).   

 Representation and visualization: information displayed in an 
in-car interface can be concrete and metaphorical. The decision was 
made for the latter by representing the driver’s performance 
through the emotional state of the avatar since metaphorical 
feedback is most efficient in the context of driving. For example, 
Dahlinger, Wortmann, Ryder, and Gahr (2018) compared a tree that 
was growing depending on the driver’s fuel consumption 
(metaphorical feedback; Figure 6.2.1) with a numerical score 
representing the same information (concrete feedback). Only the 
metaphorical feedback caused a significant reduction in fuel 
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consumption. There is a (theoretically) infinite variety of emotional 
states so the feedback given by the DFA is continuous by nature. 

 

 

 Figure 6.2.1. Concrete (left) versus abstract (right) eco driving feedback 
(Dahlinger et al., 2018)  

Final Design 

For the automotive industry, the embodiment of artificial intelligence is 
a current hot topic. At Mercedes-Benz, first design concepts to visualize 
a car’s intelligence were developed. The concept that provided the basis 
for the DFA is an abstraction of the Mercedes-Benz star, the hallmark of 
the brand (Figure 6.2.2.). This abstract star constitutes the avatar of the 
system. Important to note, the design concept is a working prototype 
used for internal research and development activities and does not hold 
the claim for series implementation. 
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 Figure 6.2.2. Visualization of the DFA and its emotional states. 

In order to express different emotional states, the avatar was animated 
in terms of color and motion. In doing so, nine different states were 
modeled, ranging from negative to neutral to positive. Inspired by 
Byrne et al. (2012), the positive pole is represented by the emotional 
state of relaxation, the negative pole by anger. These states were 
modeled based on findings from color associations and work dealing 
with the assignment of physiology in systems. For example, anger is 
most likely associated with red, while the most common associations 
with relaxation are green and blue. There is also a positive correlation 
between the saturation of a color and the physiological arousal it 
evokes (Clarke & Costall, 2008). Thereby, relaxation is associated with a 
medium level of arousal, while anger is a typical high-arousal emotion. 
Physiological arousal, in turn, is linked to the frequency rates of 
physiological reactions, such as heart rate and blood pressure, body 
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temperature, or respiration (Peter & Herbon, 2006; Scherer, 2005). 
Consequently, for the anger-related states (stage 1 to 4) tones from the 
red color spectrum were used, while the states associated with 
relaxation (stage 6 to 9) were represented by tones of blue. The closer 
the states are to the poles, the higher their color saturation so that the 
avatar appears grey in the neutral state (stage 5). On the dynamic 
dimension, the avatar shows pulsating movements corresponding to the 
arousal of the intended emotional state. Movement frequency is highest 
at the anger pole (stage 1) and gradually decreases until it reaches the 
neutral state (stage 5), where there is little movement. From the neutral 
state to the relaxation pole (stage 9), movement frequency increases 
again but remains below the frequency of the anger pole. In other 
words, the redder (or bluer) the avatar appears, and the faster it moves, 
the more negative (or positive) the feedback is. The avatar’s state 
changes by degrees when the upper (or lower) threshold of the current 
state is reached. It is important to note that the avatar does not respond 
to or reflect the driver’s emotions but expresses an intrinsic emotional 
state. 

The emotional state of the avatar is a summarized assessment of the 
driver’s performance. In addition, instant feedback was implemented 
into the DFA in the form of a visual alert occurring at the moment an 
aggressive action is recognized (Figure 6.2.3). For this, the background 
of the avatar animation flashes two times per second, changing its color 
from black to orange (Chan & Ng, 2009). 

 

 

Figure 6.2.3. Instant feedback given by the DFA. 

Manipulation Check 

To check (i) whether the emotional states of the avatar are perceived 
according to the intended valence (positive vs. negative) and (ii) 
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whether the feedback design is perceived as emotional at all, four 
participants (2 female, 2 male) completed a free association task. In 
random order, videos of the nine states were each shown to the 
participants and they were asked about their first impression. The 
emotional terms and expressions reported were grouped according to 
their semantical similarity by the author. The negative feedback states 
were mostly associated with negative terms and expressions such as 
“alarm, danger, emergency, attention,” “blood, heartbeat, pulse,” or 
“aggressive, rage, anger.” The positive feedback states were mainly 
described with positive words such as “cold, ice, water, fresh,” “positive, 
enjoyable, friendly,” or “calming, relaxing.” The most common 
associations with the neutral state were “slow,” “dead, stand by, nothing 
happens,” and “neutral, normal.” As these examples show, the 
participants used various emotional terms and expressions to describe 
the avatar’s states and inferred the right emotional valence from the 
colors and movements programmed into the avatar.  

6.2.4 Theoretical Foundations  

In reference to Shinar (1998), the DFA attempts to change the driver’s 
behavior directly by triggering his situation reflection. If the driver 
drives less aggressively, he cannot be a trigger of aggression for other 
driver, which changes their behavior indirectly. Beyond this theoretical 
foundation, there are further considerations addressing the 
persuasiveness of the DFA, including (i) the paradigm of raising 
awareness (Lutfi Bin Dolhalit, Nur Binti Abdul Salam, & Bin Abdul 
Mutalib, 2016), (ii) the persuasive power associated with the gamified 
nature of the system, and (iii) the emotional attachment caused by the 
emotionality of the avatar (Frude & Jandrić, 2015; Lawton, 2017). 

Awareness 

The main purpose of feedback systems is to raise the user’s awareness 
of an undesired behavior that is intended to be changed as awareness 
gives impulses for reflection. Although awareness toward a certain 
behavior or issue does not necessarily result in behavior change, it is a 
main driver of it (Lutfi Bin Dolhalit et al., 2016). Especially persuasive 
systems that are seen as social actors or those that provide a compelling 
simulated experience of the behavior in question have the potential to 
increase awareness (Lutfi Bin Dolhalit et al., 2016). The DFA serves both 
requirements. On the one side, the system can be seen as a social actor 
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that is able to express human-like emotions. On the other, it simulates a 
living being in the form of the avatar (Fogg, 2003).  

Gaming Experience 

Avatars and feedback are typical game elements. With the DFA, they 
are used in a non-game environment, which refers to the concept of 
Gamification, i.e., “the use of game design elements in non-game 
contexts” (Deterding et al., 2011, p. 9). The goal of Gamification is to 
motivate people to change behaviors in a playful and voluntary manner, 
which is why gamified systems are inherently persuasive (Werbach, 
2015). The playfulness derives from the gaming experience associated 
with the use of the system, including subjective experiences such as 
immersion, flow, competence, positive and negative affect, tension, and 
challenge (Ferrara, 2013; Poels, de Kort, & IJsselsteijn, 2013). With the 
DFA, the driving task is gamified by linking it to the challenge of taking 
care of the avatar’s emotional state. 

Emotional Attachment 

What distinguishes the DFA from existing feedback systems is its 
emotional nature. The attribution of human-like characteristics, 
including emotions, physical attributes, intentions, or motivations to 
non-human objects, refers to the concept of anthropomorphism 
(Bartneck, Croft, & Kulic, 2009; Richert, Müller, Schröder, & Jeschke, 
2018; Yuan & Dennis, 2019). According to the Tamagotchi effect, the 
attribution of emotions to technology increases the user’s emotional 
attachment to the system (Frude & Jandrić, 2015; Lawton, 2017; Turkle, 
Taggart, Kidd, & Dasté, 2006). If people feel attached to a system, this 
promotes their care-taking behavior toward it, and—vice versa—if 
people care about technology, they may become attached to it. Besides 
the effect on the driver’s duty of care, emotional attachment also 
improves the persuasiveness of the DFA in other ways. 

First, a general problem of feedback systems is the issue of psychological 
reactance. Psychological reactance can be explained as follows: “if a 
person’s behavioral freedom is reduced or threatened with reduction, he 
would become motivationally aroused. This arousal would presumably 
be directed against any further loss of freedom and the reestablishment 
of whatever freedom had already been lost or threatened” (Brehm, 1966, 
p. 2). The unpleasant motivational state of reactance causes affective, 
behavioral, and cognitive reactions of the individual that are aimed at 
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reestablishing his freedom. On the affective level, people who are 
threatened may feel uncomfortable, hostile, aggressive, or angry. On the 
behavioral level, they may enact the restricted behavior or behave in an 
aggressive way to reassure themselves. On the cognitive level, they may 
change the perceived severity of the threat, the relevance of restricted 
freedom, or the attractiveness of the alternative (Steindl, Jonas, 
Sittenthaler, Traut-Mattausch, & Greenberg, 2015). Also technology can 
be threatening, for example, when system errors occur or false 
information is given. In such situations, people typically tend to react 
by rejecting the system (Ehrenbrink & Prezenski, 2017). The feedback 
given by the DFA might be threatening if it is perceived as unfair or 
criticizes the driver’s skills (Uludag, 2014), if it causes the feeling of 
being patronized (Spiekermann & Pallas, 2006), or if the driver does not 
understand what he is getting the feedback for (Bar-Anan, Wilson, & 
Gilbert, 2009). However, if the feedback is provided by an entity, 
whether human or technical in nature, to which the recipient of the 
feedback feels attached, the advice is more likely to be accepted. For 
example, YouTube advertising produced by a peer is more effective in 
creating positive attitudes toward the advertised product than 
announcements from expert producers to whom the recipients have no 
connection (Paek, Hove, Ju Jeong, & Kim, 2011).  

Second, especially concerning prosocial behavior, Persuasive 
Technology emphasizes the need for encouraging long-term usage and 
provides evidence of the positive influence of emotional attachment in 
this regard (Gegenbauer & Huang, 2012). According to Odom, Pierce, 
Stolterman, and Blevis (2009), there are four technology attributes that 
strengthen the attachment of the user toward the system and, in turn, 
promote longer use: (i) promotion of physical engagement, (ii) 
preservation of history, (iii) augmentation beyond its original intended 
use, and (iv) perceived durability.  

Beyond the positive effect on prosocial behavior, reactance, and long-
term usage, the emotional nature of the system also contributes to the 
trend of the car as a human-like co-driver. This trend emphasizes the 
relevance of non-functional quality aspects of technology, such as 
emotions, in order to keep up with the global market (Eyben et al., 2010; 
Gkouskos et al., 2015; Wiese et al., 2017).  
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6.3 Study 4: Online Survey 

In order to get an initial evaluation of the idea of the DFA, an online 
survey was conducted. Similar to the ideas generated in the ideation 
workshops (chapter V), the DFA was evaluated in terms of its likeability, 
usefulness, and innovativeness (Justel et al., 2007). Accordingly, the 
following research question (RQ3) was formulated: how do people 
evaluate the likeability, usefulness, and innovativeness of the DFA? 

Moreover, to specify the DFA feedback algorithm, data on the severity 
of the nine relevant aggressive driving behaviors were required. This 
data is necessary to weigh the impact of the individual behaviors on the 
feedback, i.e., more severe violations should have a greater impact than 
milder ones. In general, it can be assumed that the behaviors differ in 
their severity (Özkan & Lajunen, 2005). The question is how bad (or 
good) people perceive the individual behaviors to be. This leads to the 
following research question (RQ4): how do people assess the severity of 
different aggressive driving behaviors? 

Driven by business interests, the survey was originally designed to 
investigate the willingness to share personal data for the purpose of 
emotion recognition in the car. Questions addressing RQ3 and RQ4 
were integrated as an additional part at the beginning of the survey. 

6.3.1 Method 

Questionnaire 

The questionnaire was structured into three parts: (i) perceived severity 
of aggressive driving behaviors, (ii) initial evaluation of the DFA, and 
(iii) the willingness to share emotion-related data for the purpose of 
emotion recognition in the car (Appendix 4.1). The third part is not 
presented here. 

The survey started with the query of the perceived severity of different 
aggressive driving behaviors. For this, participants assessed the severity 
of 15 aggressive driving behaviors (e.g., “not using turn signals when 
making a turn or changing lanes”) and three prosocial driving behaviors 
(e.g., “using turn signals early enough when making a turn or changing 
lanes”) on an 11-point scale ranging from “very negative” (-5) to “very 
positive” (5). The aggressive behaviors included the nine behaviors 
considered by the DFA, i.e., (i) tailgating, (ii) exceeding the speed limit, 
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(iii) not using the indicators before changing lanes, (iv) using the 
indicators shortly before changing lanes, (v) verbally insulting other 
road users, (vi) making insulting gestures toward other road users, (vii) 
flashing headlights at a slower vehicle, (viii) changing in one go from 
the right lane to the far left lane, and (ix) passing a single continuous 
center line. The additional negative behaviors, as well as prosocial 
behaviors, served as distractor and control items. Respondents were 
instructed as follows: “Please take a minute to think about which 
behavior patterns you consider particularly good or bad in drivers. 
Imagine you observe the following behaviors in another driver. How do 
you judge this behavior?” The third-person perspective was chosen to 
avoid a first-person effect, according to which it was assumed that 
respondents rate aggressive behaviors more severely when observed in 
others compared to when personally enacted (Golan & Day, 2008; 
Jensen & Hurley, 2005).  

In the second part of the questionnaire, respondents were exposed to 
the DFA concept as well as four comparative ideas. The comparative 
ideas came up as part of the ideation workshops (chapter V) and were 
elaborated by their inventors independent of this thesis. Each system 
was introduced with a title and a short textual description but without 
any visualization: 

 Driving Feedback Avatar (Ger. Emotionaler Fahrcoach): the 
driver is given feedback by the system about his or her driving 
behavior. The system identifies “friendly” driving behaviors (e.g., 
keeping a safe distance, letting other drivers merge) and 
“aggressive” driving behaviors (e.g., tailgating, exceeding the speed 
limit). The driver receives positive or negative feedback on every 
friendly or aggressive behavior. One example of negative feedback 
is that the vehicle would express its annoyance by displaying red 
interior lighting and a slight increase in the interior temperature. 

 Emotion-adaptive comfort functions (Ger. Emotionsadaptive 
Komfortfunktionen): the system recognizes the driver's emotions 
and adjusts certain comfort functions (e.g., fragrance, massage, 
ambient lighting) according to the driver's mood and personal 
preferences. 

 Emotion-adaptive entertainment (Ger. Emotionsadaptives 
Entertainment): the system recognizes the emotions of the driver 
and plays suitable music, audiobooks, or news in line with their 
mood and personal preferences. 
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 Emotion-adaptive speed limiter (Ger. Emotionsadaptiver 
Geschwindigkeitslimiter): studies have shown that angry drivers 
often drive too fast and exceed speed limits. The system is intended 
to help the driver to stay within existing speed limits even when 
strong emotions have been triggered. As soon as the system detects 
that the driver is angry, a resistance point in the gas pedal is 
activated, which makes it more difficult (requires more pressure) to 
push the gas pedal all the way to the floor. The resistance point 
adjusts to the current speed limit. Specifically, this means: when the 
driver pushes the gas pedal to the resistance point, the speed limit 
will not be exceeded. However, when the driver presses down hard 
on the gas pedal past the resistance point with noticeably more 
pressure, the speed limit will be exceeded. 

 Map of emotions (Ger. Emotionslandkarte): the system recognizes 
the driver’s emotions and combines this emotion data with the data 
of other drivers to create an “emotion map.” This map illustrates 
areas (emotion areas) where drivers get particularly annoyed (e.g., 
on congested streets in the city center) or happy (e.g., pleasure 
driving on the open highway). Based on this information, the 
navigation system can, for example, suggest a particularly 
“enjoyable” route to the driver. 

In a randomized order, respondents assessed each concept in terms of 
its likeability (“do not like it” - “like it”), usefulness (“not useful” - 
“useful”), and innovativeness (“not innovative” - “innovative”) on a 5-
point semantic differential (Justel et al., 2007). In addition, they were 
asked to provide suggestions for the improvement of each concept as an 
open answer.  

The online survey was distributed in Germany using the online survey 
tool Questback that is linked to the Mercedes-Benz online panel. The 
panel database includes personal information about registered users, 
such as gender, age, or driving experience. The personal information 
was taken as a basis for the following sample description. 

Sample 

The dataset included the valid responses of 1047 respondents 
(189 female, 898 male). On average, they were 60.4 years old (SD = 12.9, 
range: 26-89; Figure 6.3.1). According to the Kolmogorov-Smirnoff test 
(D(1047) = .06, p = .000), the data are not normally distributed, with non-
symmetrical left-skewness of -.10 (SE = .08). In other words, the sample 
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includes more people with a higher age. Of the respondents, 
58.6 percent mainly drive a Mercedes-Benz car, followed by BMW 
(13.3 %), Audi (11.3 %), Volkswagen (7.4 %), and Skoda (2.6 %; others: 
6.8 %). As internal information and market research indicate, there is a 
positive correlation between driver age and the class of the car, 
showing that high-class brands, such as Mercedes-Benz, BMW, or Audi, 
generally have older buyers. In the United States, for example, most 
people driving a Mercedes-Benz car are between 50 and 62 years old 
(Statistisches Bundesamt, 2020d). Thus, the sample is representative of 
the “classical” higher class car driver. On average, respondents drove 
19,312 kilometers (SD = 13,933) in the last twelve months by car, which 
represents a high mileage compared to the German average that ranges 
between 10,000 and 15,000 kilometers (Statistisches Bundesamt, 2020b). 

 

 

Figure 6.3.1. Age distribution of the online sample. 

Data Preparation and Analysis 

The numerical questionnaire data were analyzed using IBM SPSS 
Statistics. The free responses related to the DFA were processed using 
Microsoft Excel by extracting and summarizing (i) suggestions of 
improvement (e.g., “an acoustic signal is sufficient”), and (ii) evaluative 
attributes (e.g., “this information could distract the driver”). In total, 167 
respondents gave a free answer. 

To improve the validity of final dataset, (i) cases with an overall 
completion time slower than 40 percent of the average completion time 
of the entire sample and (ii) cases with inconsistent ratings of the 
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control items (e.g., the aggressive driving behavior and its inverse 
formulation received the same rating) were excluded. These criteria 
applied to 15 cases, resulting in a final dataset of 1047 cases.  

6.3.2 Results 

Severity of Driving Behaviors 

As shown in Table 6.3.1, the most negative assessed behavior was 
“tailgating a slower vehicle so closely that the headlights can no longer 
be seen in the rear-view mirror” (M = -4.30, SD = 1.23; scale: 5 “very 
negative” to 5 “very positive”), followed by “verbally insulting another 
driver” (M = -4.08, SD = 1.47), and “making an insulting gesture toward 
another driver” (M = -3.94, SD = 1.53). 

Overall, aggressive lane change maneuvers (e.g., “not using turn signals 
when making a turn or changing lanes”; M = -3.44, SD = 1.67) and 
following behavior (e.g., “following a slower vehicle leaving no more 
than half of the recommended safe distance”;  M = -3.46, SD = 1.62) were 
assessed as more negative than speeding violations (e.g., “exceeding the 
posted speed limit by up to 20 km/h on the highway”; M = -.36, 
SD = 2.21). 

Noteworthy, the assumed aggressive behavior “exceeding the posted 
speed limit by up to 5 mph on the highway” (M = .78, SD = 1.88) was 
rated slightly positive. As expected, all assumed positive behaviors 
achieved positive ratings, i.e., “driving at or slightly below the posted 
speed limit” (M = .91, SD = 2.21), “keeping the recommended safe 
distance” (M = 2.17, SD = 2.46), and “using turn signals early enough 
when making a turn or changing lanes” (M = 3.60, SD = 1.85).  
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Table 6.3.1. Severity of prosocial and aggressive driving behaviors (*relevant for the 
conceptualization of the DFA). 

Behavior M SD 

Tailgating a slower vehicle so closely that the headlights can no longer 
be seen in the rear-view mirror* 

-4.30 1.23 

Verbally insulting another driver* -4.08 1.47 

Making an insulting gesture toward another driver* -3.94 1.53 

Cutting off another vehicle -3.83 1.37 

Passing from the right lane -3.46 1.96 

Following a slower vehicle leaving no more than half of the 
recommended safe distance* 

-3.46 1.62 

Not using turn signals when making a turn or changing lanes* -3.44 1.67 

Passing a single continuous center line to overtake* -3.19 1.84 

Not using turn signals until the last moment before making a turn or 
changing lanes* 

-2.58 1.80 

Exceeding the posted speed limit by more than 20 km/h on the 
highway* 

-2.12 2.07 

Changing in one go from the right lane to the far left lane on a road 
with at least three lanes* 

-2.09 2.13 

Flashing your headlights at a slower vehicle to signal it to move out of 
the way* 

-2.08 2.46 

Driving behind another vehicle falling just below the recommended 
safe distance* 

-1.12 1.89 

Exceeding the posted speed limit by up to 20 km/h on the highway* -.36 2.12 

Exceeding the posted speed limit by up to 5 km/h on the highway* .78 1.88 

Driving at or slightly below the posted speed limit .91 2.21 

Keeping the recommended safe distance 2.17 2.46 

Using turn signals early enough when making a turn or changing lanes 3.60 1.85 

N = 1047; scale: -5 “very negative” to 5 “very positive” 

Evaluation of the Driving Feedback Avatar 

Overall, the DFA was moderately rated by the respondents regarding its 
likability (M = 2.84, SD = 1.46; Table 6.3.2), usefulness (M = 2.90, SD = 
1.32), and innovativeness (M = 3.58, SD = 1.31). All values were slightly 
lower or higher than the mean of the scale (M = 3.00), ranging from 1 
(negative pole) to 5 (positive pole).  

The DFA was compared with the four comparative systems (i.e., 
emotion-adaptive comfort function, emotion-adaptive entertainment, 
emotion-adaptive speed limiter, and map of emotions) through a 
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repeated-measures ANOVA, including the five systems as a within-
subjects factor and the three criteria as dependent variables (Field, 
2013). Mauchly’s test indicated that the assumption of sphericity was 
violated for each dependent variable (likability: χ2

(9) = 136.87, p = .000; 
usefulness: χ2

(9) = 113.78, p = .000; innovativeness: χ2
(9) = 91.85, 

p = .000). Correcting degrees of freedom using Greenhouse-Geisser 
estimates of sphericity (likability: ε = .95; usefulness: ε = .95; 
innovativeness: ε = .96), there was a significant difference regarding the 
likability (F(3.78, 3952.57) = 62.95, p = .000, η = .13), usefulness (F(3.82, 
3990.16) = 79.95, p = .000; η = .14), and innovativeness (F(3.85, 
4022.82) = 39.07, p = .000; η = .10) within the systems. According to 
Cohen (1988), however, these effects are only small (Bakeman, 2005).  

Considering the Bonferroni-adjusted pairwise comparisons of the DFA 
with the comparative systems (Table 6.3.2), it shows that the DFA was 
rated significantly less likable, useful, and innovative, relative to the 
comparative systems. Only the post-hoc test between the DFA and the 
emotion-adaptive entertainment in terms of innovativeness did not 
reach statistical significance. 

Table 6.3.2. Post-hoc comparisons of the DFA with the comparative systems 
(Bonferroni-adjusted). 

 Likability Usefulness Innovativeness 

System M SD p M SD p    M SD p 

Driving Feedback 
Avatar 

2.84 1.45 - 2.90 1.32 - 3.58 1.31 - 

Emotion-adaptive 
comfort function 

3.45 1.31 .000 3.29 1.23 .000 3.78 1.16 .000 

Emotion-adaptive 
entertainment 

3.28 1.38 .000 3.18 1.27 .000 3.65 1.20 .538 

Emotion-adaptive 
speed limiter 

3.51 1.36 .000 3.66 1.21 .000 3.97 1.11 .000 

Map of emotions 3.40 1.41 .000 3.35 1.31 .000 3.87 1.21 .000 
N = 1047; scale: 1 positive pole to 5 negative pole 

 

Of the respondents, 167 provided an additional free-response to the 
evaluation of the DFA. The most outstanding insights are reported in 
the following. Thirty respondents stated that they would feel patronized 
by the system (e.g., “I definitely do not want to receive comments about 
my driving behavior from my vehicle” or “This is an ideology for a 
compliant society without individuality”). Twenty-one people were 
worried that the system might promote aggression (e.g., “I think the 
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vehicle’s anger actually encourages aggressive driving”). Eight 
individuals expressed concerns regarding driver distraction (e.g., “Too 
much technology creates a risk of distraction”). In total, 66 respondents 
provided a suggestion for improvement. Most of their ideas referred to 
the primary use of rewards instead of punishment (e.g., “The system 
should rather praise the driver for positive driving, for example, 
through optical points or pictures”) and the implementation of auditory 
feedback (e.g., “Use beeps with different volume”). 

6.3.3 Conclusion and Discussion 

The online study provides a first indication of how people evaluate the 
likeability, usefulness, and innovativeness of the DFA (RQ3) and how they 
assess the severity of different aggressive driving behavior (RQ4). In total, 
1047 German respondents provided answers to these questions. The 
DFA reached average scores for all evaluation criteria, i.e., the system is 
moderately likeable, useful, and innovative. However, compared to 
selected competitor systems (i.e., emotion-adaptive comfort function, 
emotion-adaptive entertainment, emotion-adaptive speed limiter, and 
map of emotions), the DFA performed worse on all three dimensions. 
This might be explained by the fact that respondents associated the 
DFA with the feeling of being patronized, reactance, and driver 
distraction. In order to improve the concept, they recommended 
focusing on positive feedback for good behavior instead of negative 
feedback for aggressive behavior and the use of auditory feedback. 
Concerning the severity of the different aggressive driving behaviors, 
the most negative behavior was strong tailgating. Moreover, 
respondents also rated aggressive behaviors that cause no physical 
damage as extremely negative, such as verbal insults and insulting 
gestures. Following, these behaviors should have a greater impact on 
the feedback given by the DFA. Also noteworthy, slightly exceeding the 
speed limit is rated positively. This implies that minor traffic 
violations—in some cases—are generally accepted and should not be 
punished by the DFA. 

From a methodological perspective, the composition of the sample has 
to be seen in a critical way because it mainly consisted of male 
respondents, older respondents, respondents with significant driving 
experience, and respondents driving a higher-class car, such as a 
Mercedes-Benz, BMW, or Audi. Due to their higher age, it could be 
assumed that the respondents are less open to innovative technologies 
(Franke, Attig, & Wessel, 2019). Due to their high level of driving 
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experience, respondents could be seen as “driving experts,” who are 
unwilling to accept feedback on their driving style from a system 
(Ehrenbrink & Prezenski, 2017). These reasons could have negatively 
influenced the evaluation of the DFA and, moreover, reflect the opinion 
of a specific group of people. With regard to the assessment of the 
severity of the different driving behaviors, the operationalization using 
the labels “positive” and “negative” should be discussed. There is a risk 
that this scale was too general so that it might be unclear how the 
respondents interpreted the labels. For example, some respondents may 
have assessed the behaviors based on the perceived risk of a traffic 
accident, while others focused on the extent to which the behavior is 
seen as a personal attack. 

What differentiates the DFA from comparative solutions is its capability 
to recognize and express emotions in a human-like way. In doing so, 
the system incorporates a feature that is relatively new. As known from 
the literature, unfamiliarity is a salient factor that is associated with risk 
and uncertainty and, therefore, plays a significant role in the evaluation 
of technology innovations (Jalonen, 2012; Wells, Campbell, Valacich, & 
Featherman, 2010). Making an argument for the pursuit of the idea of 
the DFA, it can be assumed that the moderate evaluation of the system 
is the consequence of the perceived risk and uncertainty associated 
with its emotionality and that this characteristic could even emerge as a 
success factor if people get used to it. What can also be learned from 
this study is that there are certain factors that have to be taken into 
account in a more detailed evaluation of the DFA, such as the issue of 
driver distraction, perceived paternalism, and reactance. Moreover, the 
present investigation obtained data relevant for the further 
development of the feedback algorithm of the DFA, which is described 
in the following chapter. 

6.4 Next Step: Prototyping 

In conclusion, this chapter has elaborated upon a visual in-car interface 
that is supposed to mitigate aggressive driving, the DFA. The DFA 
provides the driver with feedback on his driving performance with a 
special focus on aggressive driving on the highway. The system 
considers behaviors such as tailgating, speeding, or insulting gestures. 
What is unique about the system is that the feedback is represented by 
the emotional state of an abstract avatar. In the absence of aggression, 
the avatar is relaxed (positive feedback). If the driver drives 
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aggressively, the avatar becomes angry (negative feedback). These 
emotional states are modeled by animating the avatar in terms of color 
and dynamics, i.e., the redder (or blue) the avatar appears and the faster 
it moves, the angrier (or relaxed) it is. While the emotional state 
changes by degrees and thus can be seen as summative feedback over 
the elapsed driving time, an additional visual alert is given instantly 
after an aggressive action is shown. 

The feedback provided by the DFA is intended to raise the user’s 
awareness of aggressive driving, which is a main driver for behavior 
change. In addition, the system’s persuasiveness is supposed to derive 
from its capacity to express emotions and its gamified nature. Even if it 
was theoretically worked out that these characteristics might give 
persuasive power to the DFA, this assumption has to be verified 
empirically. Thus, the next steps are to implement the system concept 
in a prototype and evaluate it under experimental conditions.  
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VII. CHAPTER 
 

EVALUATION OF THE  
DRIVING FEEDBACK AVATAR 

7.1 Background 

This chapter constitutes the last step of the HCD process, in which the 
produced system solution, the DFA, is evaluated. The question is 
whether the system can change aggressive driving effectively and how 
it is perceived by potential users (Maguire, 2001). 

To examine the effectiveness of behavior change support systems, the 
target behavior has to be measured before and after the intervention in 
question. In the case of driving behavior, there are two major methods 
to collect data: simulator studies and driving studies in real traffic. 
Simulator studies benefit, most of all, from their controllability, 
reproducibility, and standardization. Moreover, they make it possible to 
study dangerous scenarios without physical risk, caused by, for 
instance, driver distraction, drowsiness, or stress. However, skills 
learned in a simulation cannot be transferred to the real world one-to-
one. Thus, real-world driving studies are the preferential approach 
when it comes to the investigation of behavioral changes. They show 
their advantages in their physical, perceptual, and behavioral fidelity 
(de Winter, van Leeuwen, & Happee, 2012). Against this background, 
this chapter presents a real-world driving study that answers the 
question on the effectiveness of the DFA (RQ5): does the DFA mitigate 
aggressive driving effectively? 

In contrast to behavioral outcomes, a user’s perception of a system is a 
subjective and multifaceted construct. With regard to the DFA, some 
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perception-related factors were uncovered in the online survey 
(6.3 Study 4: Online Survey), including the issue of driver distraction 
caused by the system, reactance toward the system, and the feeling of 
being patronized by the system. Driver distraction occurs when a 
stimulus, inside or outside the car, shifts the attention away from the 
primary driving task, including all activities related to the lateral and 
longitudinal control of the car and the alertness to potential hazards in 
the driving situation (Horberry et al., 2006). Psychological reactance is 
an unpleasant motivational state that an individual enters when he 
perceives a threat to his freedom and that may lead to aggressive 
responses (Brehm, 1966). In the case of the DFA, it must be examined 
whether the feedback itself was perceived as threatening. Finally, 
technology paternalism describes the imposition of solutions to people’s 
assumed problems without their consent (Spiekermann & Pallas, 2006). 
Persuasive systems attempt to direct the user toward a specific 
behavior. If this attempt conflicts with the free and autonomous choice 
of the individual, the risk of feeling patronized is high (Spahn, 2012). As 
shown in section 6.2.4 Theoretical Foundations, other relevant 
perceptional factors of the DFA are the awareness of aggressive driving 
raised by the system, the gaming experience when interacting with the 
system, and the emotional attachment toward the system triggered by 
its emotional design. These variables are supposed to influence the 
persuasive power of the DFA. In conclusion, there are several 
perceptional factors potentially related to the DFA so the question is 
(RQ6): how do people perceive the DFA? 

7.2 Study 5: Experimental Driving Study 

To investigate the effectiveness (RQ5) and perception (RQ6) of the DFA, 
the system was implemented in a prototype. In a within-subjects 
design, the prototype was used to examine whether the presence of the 
DFA has an effect on aggressive driving, manifested in the following 
hypothesis: 

H1: the presence of the DFA reduces the frequency of aggressive driving 
behaviors, in particular, those that are fed back by the system. 

Moreover, it was theoretically assumed that the persuasiveness of the 
DFA depends on (i) the driver’s awareness of aggressive driving raised 
by the system, (ii) the driver’s gaming experience when interacting with 
the system, and (iii) the driver’s emotional attachment to the system. 
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This dependency constitutes a working model, according to which the 
aforementioned factors are seen as moderators of the relationship 
between the presence of the DFA and its effect on aggressive driving. In 
order to test the fulfillment of these prerequisites, the following 
hypotheses are examined: 

H2a: the DFA raises an awareness of aggressive driving, in particular, of 
the behaviors that are fed back by the system. 

H2b: the DFA increases the gaming experience while driving. 

H2c: people feel emotionally attached to the DFA. 

7.2.1 Method 

Wizard-of-Oz Prototype 

The DFA was implemented in a Wizard-of-Oz (WoZ) prototype (Figure 
7.2.1). A WoZ prototype is a prototypical system that is manually 
handled by a human operator to simulate the functionality of a system 
that does not yet exist. WoZ methods have a long tradition in driver-
vehicle-interaction research to test systems that require considerable 
hardware and software architecture. Often,  prototypical in-car 
interfaces are implemented in test vehicles and are operated by an 
experimenter who is sitting in the back seat and using a control panel 
(Martelaro & Ju, 2017). The prototype of the DFA was built into a 
Mercedes-Benz E-class that was equipped with a CAN bus logger that 
recorded the internal vehicle communication (e.g., driving speed, 
torque, or GPS position). The prototype consisted of four components: 
(i) a tablet screen displaying the avatar in the driver’s area (avatar 
tablet), (ii) a tablet with a graphical interface so that an experimenter 
sitting behind the driver’s seat was able to operate the wizard 
(annotation tablet), (iii) a tablet that was connected to the CAN bus 
logger and visualized relevant vehicle data for the backseat 
experimenter (monitoring tablet), and (iv) a laptop running the 
algorithm that determined the feedback. The four components are 
described in detail below.  



 

 

107 7.2 Study 5: Experimental Driving Study  

 

Figure 7.2.1. Wizard-of-Oz setup of the DFA. 

 Avatar tablet: the avatar tablet was fixed on top of the center 
console display. This position is clearly visible from the driver’s 
seat, and the center console display does not contain information 
relevant for the primary driving task (e.g., driving speed or 
warnings) that could be hidden by the tablet. 

 Annotation tablet: the experimenter was sitting behind the 
driver’s seat and manually annotated the following nine behaviors 
using the annotation tablet held in hand: 

 

Avatar tablet

Annotation 
tablet

Laptop

CAN bus Logger

Monitoring
tablet
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(1) Tailgating 

(2) Exceeding the speed limit 

(3) Not using the indicators before changing lanes 

(4) Using the indicators shortly before changing lanes 

(5) Verbally insulting other road users 

(6) Making insulting gestures toward other road users 

(7) Flashing headlights at a slower vehicle  

(8) Changing in one go from the right lane to the far left lane (on 
a road with at least three lanes) 

(9) Passing a single continuous center line  

 

Via the graphical user interface of the annotation tablet (Figure 
7.2.2), discrete behaviors (i.e., use of indicators, verbal insults, 
insulting gestures, flashing headlights, lane changes) were 
annotated by pressing a button. Continuous behaviors (i.e., 
tailgating and speeding) were opted in once started and opted out at 
the end. 

 

 

Figure 7.2.2. Graphical user interface of the annotation tablet. 
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 Monitoring tablet: to support the experimenter in the annotation 
task, the monitoring tablet visualized data related to the relevant 
behaviors, including the distance to the vehicle ahead in meters, the 
current driving speed in km/h, the value of the current speed limit, 
and the activation of the indicators as well as the high beams. The 
tablet was fixed at the back of the driver’s seat so that the annotator 
was able to see the information at any time. 

 Laptop and algorithm: the annotation tablet and the avatar tablet 
were connected to the laptop running the feedback algorithm. The 
laptop was fixed to the backseat next to the experimenter so that it 
would not move in the event of a crash. Based on the type and 
number of annotated behaviors, the algorithm calculated a score by 
multiplying the frequency of the behaviors with their severity and 
summing up the product of this multiplication over the driving 
time. The severity values were adapted from the online study 
(6.3 Study 4: Online Survey). In the case of discrete behavior, i.e., a 
single action at a time, the score was adjusted by the severity value 
once the behavior was annotated. In the case of continuous 
behavior, i.e., a sequence of actions over a period of time, the 
severity value was subtracted every 10 seconds as long as the 
behavior was opted in. For example, if a driver exceeded the speed 
limit for 5 seconds, 1.24 points were subtracted from the current 
score. Likewise, he lost 1.24 points if he was speeding for 10 
seconds. If he speeded for 11 seconds, however, the score was 
reduced by 2.48 points, i.e., twice the number of the severity value. 
In addition, every second a positive factor, which was significantly 
lower than the lowest severity value, was added to reward the 
absence of aggression. The current score was constantly mapped to 
the nine emotional states of the avatar. Once the score exceeded the 
upper (or lower) threshold defined for a state, the avatar changed to 
the next (or previous) state. The avatar’s emotional states were 
saved as individual mp4 animations. To ensure a smooth transition 
between the states, the animations were faded in and out. The 
algorithm not only controlled the avatar’s emotional state but also 
activated the instant feedback, i.e., every time the annotator made 
an entry, the background of the avatar tablet flashed twice in 
orange. The WoZ application automatically created a CSV file, in 
which the annotation tags were saved. The tags were logged with a 
frequency of 1 Hz, i.e., every second an entry was made. 
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Procedure 

The driving study was conducted on a public highway in the area of 
Stuttgart (Germany), including two test drives with the test vehicle that 
was driven by the participants (Figure 7.2.3). The test drives were each 
randomly assigned to one of two conditions: test drive with the WoZ 
prototype of the DFA installed in the car (system condition) and test 
drive without the prototype (baseline condition). There was one week 
between the trials, with both trials taking place on the same weekday 
and time of day to keep environmental conditions constant (e.g., rush 
hour). There and back, the test route was a 50-kilometer long, including 
sections with different speed limits, a section with a continuous 
centerline, and two- and three-lane roads (Appendix 5.1). The on-board 
navigation system guided participants. 

In both conditions, one of four experimenters (2 female, 2 male) 
accompanied the participant, with each participant completing both 
trials with the same person. In both conditions, the experimenter 
operated the DFA following an annotation guide (Appendix 5.3). 
However, in the baseline condition, the avatar tablet was not installed. 
It was assumed that participants would tend to drive more 
conservatively in the study than under normal conditions, making it 
hard to observe real aggressive driving. Known from other 
investigations, the presentation of the research objective to the subjects 
can cause them to behave in a way that confirms this intention (Nichols 
& Maner, 2008). Thus, the participants were asked to drive as naturally 
as possible. Moreover, the presence of the experimenter was framed in a 
cover story (original German version in Appendix 5.2):  

We are developing an assistance system to support driving on 
the highway. Because of this, we are interested in the most 
common driving maneuvers, including lane changes, 
overtaking maneuvers, and so on. Thus, for today, we want to 
observe your natural driving behavior. Observing means that 
this vehicle is equipped with a computer that records your 
driving. Your job for today is to drive as usual as possible. We 
want to know: how close do you drive to other vehicles? How 
fast do you drive? When do you use the indicators? How do 
you change lanes or overtake? As we are interested in your 
natural driving behavior, you are not allowed to use the 
driving assistance systems, such as adaptive cruise control or 
lane departure warning. I will sit behind you and accompany 
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the drive. However, please do not to talk to me. I am just here 
to monitor the computer and check that everything works well. 
Just pretend I am not here. 

The first part of the instruction was the same under both conditions. In 
the system condition, participants were additionally familiarized with 
the DFA by showing them a video demonstration in the avatar tablet 
(original German version in Appendix 5.2): 

What you can see here is the prototype of an assistance system 
that responds to your driving behavior […]. The system 
recognizes, for example, your driving speed, distance to other 
vehicles, use of indicators, lane change behavior, gestures, and 
verbal expressions. Depending on these behaviors, the 
animation changes. If you drive appropriately, the avatar will 
gradually turn blue, which indicates a positive emotional 
state, meaning ‘my driving style is good for my vehicle and 
others.’ If you drive inappropriately, the avatar turns red, 
which represents a negative emotional state, conveying the 
message ‘my driving style is bad for my vehicle and others.’ 

Before the first drive, participants were introduced to the test vehicle 
and the test route on a map. In addition, they completed a color vision 
test to ensure that they were able to correctly interpret the color of the 
different emotional states of the avatar. All participants passed the test. 
After each drive, they filled in a questionnaire to assess their driving 
experience. In the system condition, they were also asked about their 
perception of the system in the questionnaire as well as in a short 
interview directly after the drive.  

 

 

Figure 7.2.3. Procedure of the experimental driving study. 
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Driving Experience Measures 

In order to address H2b, the questionnaire queried (i) participants’ 
gaming experience while driving (Appendix 5.5). In addition, (ii) their 
naturalness of driving and (iii) their driver distraction were measured as 
confounding variables. The variables were addressed by the following 
measures and in the following order: 

 The naturalness of driving was operationalized by (i) the 
familiarity with the handling of the test vehicle (scale: 1 “very 
unfamiliar” to 7 “very familiar”), and (ii) the deviation from normal 
driving with a focus on driving speed, distance to preceding 
vehicles, use of indicators, timing of indicating, and verbal insult 
(scale example: 1 “I drove faster than usual” to 4 “I drove as usual” 
to 7 “I drove slower than usual”). Here, higher values indicate a 
more conservative behavior during the study. Only after the second 
trial (independent of the experimental condition), the questionnaire 
additionally included a self-assessment of the participants’ (iii) 
general tendency for aggressive driving on a 5-point scale (1 “not 
aggressive at all,” 2 “slightly aggressive,” 3 “moderately aggressive,” 
4 “aggressive,” 5 “very aggressive”). 

 Driver distraction was measured through the Driving Activity 
Load Index that determines the overall mental workload a driver 
perceives while driving, including the use of an in-vehicle system or 
not (Pauzie, 2009). The index reaches high values for complex 
driving conditions. By providing a 22-level slider scale with the 
poles 1 “low” and 22 “high,” the tool queries the following 
dimensions:  effort of attention, visual demand, auditory demand, 
temporal demand, interference, and situational stress 

 The participants’ gaming experience was measured using the In-
game Game Experience Questionnaire that was originally aimed at 
probing a player’s feelings while playing a game (Poels et al., 2013). 
The questionnaire assesses the construct on seven components, 
including immersion, flow, competence, positive and negative 
affect, tension, and challenge. Transferred to the present context, 
participants indicated how they felt while driving, indicating their 
agreement to 13 feeling-related statements (e.g., “I felt skillful”) on a 
5-point scale (1 “not at all,” 2 “slightly,” 3 “moderately,” 4 “fairly,” 
5 “extremely”). One item of the original questionnaire was excluded 
because it was not transferable to the context of driving (“I was 
interested in the game's story”). Inverse formulated items were 
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transcoded in the later analysis so that higher values indicate a 
better gaming experience. 

System Perception Measures 

Considering the perception of the DFA, the dependent variables are (i) 
the participants’ emotional attachment to the DFA (H2c) and (ii) their 
awareness of aggressive driving (H2a). In addition, (iii) the user 
experience of the DFA as a “standard” quality criteria and (iv) the 
perceived paternalism of the system as a confounding variable were 
captured.  While participant awareness was addressed in the interview 
(Appendix 5.4), the other variables were captured via questionnaire 
(Appendix 5.5). The variables were addressed in the order described 
below. 

 In the interviews on the awareness of aggressive driving, 
participants were explicitly asked whether they were paying 
attention to the avatar or not and to list the driving behaviors 
supposedly recognized by the system. Moreover, they were 
requested to describe the distracting aspects of the system.  

 In the questionnaire, the short version of the User Experience 
Questionnaire was used to measure the user experience associated 
with the DFA (Alberola, Brau, & Walter, 2017; Laugwitz, Held, & 
Schrepp, 2008). The questionnaire consists of several 7-point 
semantic differentials asking for the system’s global attractiveness 
(4 items, e.g., “good—bad”), pragmatic quality (3 items, e.g., “not 
understandable—understandable”), and hedonic quality (4 items, 
e.g., “creative—dull”). Pragmatic quality addresses a  product’s 
utility and usability, while hedonic quality refers to the fulfillment 
of the human needs for autonomy, competency, stimulation, 
relatedness, and popularity when interacting with the technology 
(Hassenzahl, Burmester, & Koller, 2003). Inverse differentials were 
transcoded for the analysis, thus, the lower the mean value of a sub-
scale, the better the user experience. 

 The participants’ emotional attachment to the DFA was 
measured by adapting the Mother-to-Infant Bonding Scale (MIBS), 
which was designed to assess a mother’s feelings toward her 
newborn from day one postpartum by offering single attributes of 
possible emotions toward her new child (Taylor, Atkins, Kumar, 
Adams, & Glover, 2005). The MIBS was used because no validated 
instrument exists that captures a user’s attachment to technology 



  

 

7.2 Study 5: Experimental Driving Study  114 

on an emotional level. The MIBS is based on three positive 
attributes (e.g., “protective”) and five negative attributes (e.g., 
“aggressive”) that are assessed on a 4-point scale with the 
options 0 “not at all,” 1 “a little,” 2 “a lot,” and 3 “very much.” For 
the present study, the attributes were formulated as statements 
(e.g., “The avatar makes me aggressive”) and the 
option “moderately” was added to offer a neutral choice, resulting 
in the following scale: 0 “not at all,” 1 “a little,” 2 “moderately,” 3 “a 
lot,” and 4 “very much.” The MIBS score is the sum of all ratings, 
whereby negative attributes are transcoded. Thus, a maximum 
score of 32 can be reached, which indicates the highest level of 
emotional attachment. 

 Finally, participants indicated their feeling of being patronized 
by the system using a 7-point scale (1 “I did not feel patronized at 
all” to 7 “I felt very much patronized”). 

All questionnaire items were implemented into the online questionnaire 
tool Questback and administered in German, using a validated 
translation of their original formulation. All items were coded as semi-
mandatory options to prevent missing values, i.e., participants were 
informed of their missing answer but could continue without entering 
an answer. In addition to the mentioned variables, participant’s 
personal background information (e.g., age, gender, or driving 
experience) was collected at the beginning of the very first 
questionnaire session. 

Sample 

Participants were recruited via the Mercedes-Benz user study pool 
(Mercedes-Benz, 2019). To promote natural driving in the study, the 
focus was on participants who (i) regularly drive a car similar to the test 
vehicle in terms of performance and features, (ii) live in the area around 
the test route, and (iii) have a driving experience of around 10,000 
kilometers per year. Participants received an expense allowance of 80 
Euro. 

In total, 32 participants (15 female, 16 male, 1 not specified) completed 
both trials (one participant missed the second appointment). On 
average, they were 46.3 years old (SD = 13.9, min: 21, max: 67). Of the 
participants, 19.4 percent drove less than 10,000 kilometers in the last 
year by car, 54.8 percent drove between 10,000 and 30,000 kilometers, 
and 25.8 percent drove more than 30,000 kilometers. Eleven regularly 
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drove a Mercedes-Benz E-class or C-class. Other cars driven included, 
for example, Opel Insignia, Volkswagen Passat, or Audi A5. 

Participants felt very familiar with the test vehicle when driving with 
the prototype of the DFA (M = 6.44, SD = .80) and when driving without 
it (M = 5.91, SD = 1.59). They felt even more familiar with the vehicle 
when driving with the system (t(31) = 2.32, p = .027). Moreover, they 
indicated driving almost as usual in terms of driving speed (system: 
M = 4.16, SD = .68; baseline: M = 4.00, SD = .67), distance to preceding 
vehicles (system: M = 4.00, SD = .36; baseline: M = 4.03, SD = .31), use of 
indicators (system: M = 4.06, SD = .25; baseline: M = 4.03, SD = .18), and 
timing of indicating (system: M = 4.03, SD = .47; baseline: M = 4.03, 
SD = .31). Here, a rating of 4 indicates the highest level of usualness. 
Ratings above 4 represent a more conservative behavior in the study. 
However, participants stated that they made significantly less verbal 
insults in both test drives, relative to normal (system: M = 4.69, 
SD = 1.18, t(31) = 3.31, p = .002; baseline: M = 4.97, SD = 1.28, 
t(31) = 4.27, p = .000). In general, participants assessed themselves as 
“slightly aggressive” drivers (M = 2.19, SD = .91), with no one being 
“very aggressive.” 

Regarding the issue of driver distraction, a paired sample t-test shows 
that the system had no negative influence as there is no significant 
difference between the system condition (M = 4.27, SD = 2.69) and the 
baseline condition (M = 4.45, SD = 2.74; t(27) = -.46, p = .650). Relative to 
the scale maximum of 22, driver distraction is generally low, assuming 
that the driving conditions (e.g., presence of the prototype or the 
experimenter, test route) were not too complex. 

Data Preparation and Analysis 

Three types of data were collected in the study: (i) the interview and 
questionnaire data, (ii) the driving data recorded by the CAN bus 
logger, and (iii) the manually annotated behavior tags. Independent of 
the data type, the experimental conditions were compared using the 
complete case method, i.e., only participants with complete data for 
both trials were considered in the analysis (Karahalios, Baglietto, Carlin, 
English, & Simpson, 2012). In the case of the interview and 
questionnaire data, the datasets of all 32 participants were considered. 
In the case of the behavioral data, however, the datasets of three 
participants were excluded from the analysis, resulting in 29 valid 
datasets. For one participant, no data was logged in the first trial due to 
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technical problems. For the other participants, the route of at least one 
trial was changed due to traffic obstructions so that both trials were not 
comparable. 

The questionnaire data were analyzed using IBM SPSS Statistics. The 
interview notes were transcribed and summarized in Microsoft Excel.  

From the CAN bus data, signals related to the annotated aggressive 
driving behaviors were extracted (e.g., driving speed, distance to objects 
ahead, or activation of indicator). For the behaviors verbal insult and 
insulting gestures, no CAN bus data were available. In these cases, 
information was extracted from the manually annotated data (see next 
paragraph). The preparation of the CAN bus data was done in three 
steps. First, the relevant signals were preprocessed using the 
programming tool Octave. As all signals were logged with different 
frequencies, they were averaged to 1 Hz (i.e., the file contained one 
value per second for all signals). Moreover, cases with a driving speed 
of less than 70 km/h were excluded to systematically filter out 
congestion phases. Second, from the preprocessed data, cases in which a 
relevant aggressive action occurred were determined using IBM SPSS 
Statistics. The relevant cases were determined by specifying signal 
values, as summarized in Table 7.2.1. For the behavior “exceeding the 
speed limit,” for instance, cases were classified as valid if the speed limit 
signal had the value 100 and the driving speed signal had the value 117. 
In general, exceedances of less than 10 km/h were not considered, since 
the online survey (6.3 Study 4: Online Survey) revealed that milder 
speeding violations are considered legitimate. Tailgating was specified 
as following the vehicle ahead with a distance of less than half of the 
recommended safe distance (i.e., “half of the speed indicator”). Milder 
distance violations are not (or only marginally) penalized according to 
the German traffic regulations so that they were also not considered. 
Third, to standardize the behavioral data, the duration of the 
continuous behaviors in minutes per hour and the frequency of the 
discrete behaviors per hour were calculated.  

The annotated data were available with a frequency of 1 Hz. Analogous 
to the CAN bus data, the duration of the continuous behaviors in 
minutes per hour, and the frequency of the discrete behaviors per hour 
were determined. Then, the verbal insult tags and insulting gestures 
tags were merged into the SPSS file of the preprocessed CAN bus data.  

Table 7.2.1. Analyzed driving data and their specifications. 
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Behavior Specification Duration 

Exceeding the speed limit Exceeding existing speed limit (100 km/h or 
120 km/h) by a minimum of 10 km/h 

continuous 

Tailgating Following the vehicle ahead with a distance 
of less than half of the recommended safe 
distance (“half of the speed indicator”) 

continuous 

Not using the indicators 
before changing lanes 

Indicators (left or right) are not activated in 
an observed time frame of 10 seconds before 
the lane change 

discrete 

Using the indicators 
shortly before changing 
lanes 

Indicators (left or right) are activated at least 
1 second before the lane change 

discrete 

Flashing headlights at a 
slower vehicle 

As long as the high-beam is activated (night 
drives were not possible) 

discrete 

Changing in one go from 
the right lane to the far 
left lane 

Starting a second lane change directly after a 
first lane change was completed  

discrete 

Passing a single 
continuous center line 

Changing lanes when a single continuous 
center line is detected 

discrete 

Verbally insulting other 
road users 

Manually annotated behavior tag discrete 

Making insulting gestures 
toward other road users 

Manually annotated behavior tag discrete 

Quality of Annotation 

To check the quality of the annotation, the manually annotated data 
were compared with the corresponding CAN bus data through an 
independent sample t-test (Field, 2013). Exemplary, the behaviors 
tailgating and speeding are analyzed. In the baseline condition, the 
experimenter annotated about as many tailgating violations (M = 7.90, 
SD = 7.62) and speeding violations (M = 6.95, SD = 9.23) as automatically 
recorded by the CAN bus logger (tailgating: M = 9.41, SD = 7.31, 
t(56) = .77, p = .445, d = .20; speeding: M = 11.38, SD = 7.85, t(56) = 1.97, 
p = .054, d = .50), which makes an argument for the accuracy of the 
manually annotated data. In the system condition, however, there was a 
significant difference for both behaviors, i.e., the experimenter 
annotated significantly less tailgating events (M = 6.64, SD = 6.21) and 
significantly less speeding events (M = 6.49, SD = 6.62) than actually 
occurred (tailgating: M = 12.15, SD = 10.52, t(45.42) = 2.43, p = .019; 
speeding: M = 13.50, SD = 8.10, t(56) = 3.62, p = .001). According to 
Cohen (1988), the effects are medium (tailgating: d = .61) to strong 
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(speeding: d = .86). This means that the participants did not always 
receive feedback from the DFA on aggressive driving behavior. Even if 
the incongruence between the behavior shown and the feedback 
provided could have reduced the effectiveness of the system, the 
accuracy of the CAN bus data was not affected by this. 

7.2.2 Results 

Effectiveness 

On average, a drive took 25 minutes (SD = 4) in the baseline condition 
and 26 minutes (SD = 2) in the system condition, including only sections 
with a driving speed of at least 70 km/h. The behavior “passing a single 
continuous center line” was never shown. The relative frequencies of 
the remaining eight behaviors were compared within both conditions 
using paired sample t-tests under the necessary prerequisites to address 
hypothesis H1: the presence of the DFA reduces the frequency of 
aggressive driving behaviors, in particular, those that are fed back by the 
system. Since there was a presumed direction of the effect, the tests 
were one-tailed (Field, 2013). 

 Speeding: in general, participants drove faster in the system 
condition (km/h: M = 118.93, SD = 6.15) than in the baseline 
condition (km/h: M = 117.01, SD = 6.18). Since this result is in the 
opposite direction to what was expected, the one-tailed test is not 
interpreted. The two-tailed test indicates that this difference is not 
significant (t(28) = -1.83, p = .077, two-tailed, d = .34). Furthermore, 
more speeding violations could be observed when the DFA was 
present, i.e., participants exceeded the speed limit 13.50 minutes per 
hour (SD = 8.10) in the system condition and only 11.38 minutes 
(SD = 7.85) in the baseline condition (Figure 7.2.4). Again, the 
descriptive statistics are in the wrong direction so H1 is rejected in 
terms of speeding. The two-tailed test reveals that the occurrence of 
speeding violations do not differ significantly between the 
conditions (t(28) = -1.33, p = .196, two-tailed, d = .25). 

 Tailgating: considering the general distance to the vehicle ahead, 
participants followed slightly closer when driving with the DFA 
(meter: M = 64.65, SD = 17.14) than when driving without it (meter: 
M = 66.29, SD = 16.40). Since a reverse effect was assumed, the 
results of the one-tailed test are ignored. The two-tailed test shows 
that the increase of the following distance in the system condition 

https://www.linguee.de/englisch-deutsch/uebersetzung/prerequisites.html
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is not significant (t(28) = .77, p = .449, two-tailed, d = .14). Tailgating 
was defined as less than half of the recommended safe distance. 
Accordingly, participants tailgated 12.15 minutes per hour of 
driving (SD = 10.52) when driving with the system and only 9.41 
minutes (SD = 7.31) when driving without it (Figure 7.2.4). Also, this 
result contradicts H1 so that the one-tailed test is not interpreted. 
The two-tailed test reveals that the difference is not significant 
(t(28) = -1.82, p = .080, two-tailed, d = .34). 

 

 

Figure 7.2.4. Continuous aggressive driving behaviors speeding and tailgating. 

 Use of indicators: regarding the use of indicators, a distinction 
was made between whether they were not activated at all when 
changing lanes or only shortly before the maneuver, specified as 
one second (Figure 7.2.5). The no indicator event occurred at an 
average of 1.49 times per hour (SD = 1.54) in the baseline condition 
and only .97 times per hour (SD = 1.33) in the system condition 
(t(28) = 1.62, p = .058, one-tailed, d = .44). Likewise, the short 
indicator event was observed 29.47 times per hour (SD = 25.99) in 
the baseline condition and only 26.36 times per hour (SD = 20.35) in 
the system condition (t(28) = .78, p = .222, one-tailed, d = .14). 
Although both comparisons do not reach statistical significance, 
they demonstrate a general decrease in aggression when the DFA 
was present and, thus, weakly support H1. 



  

 

7.2 Study 5: Experimental Driving Study  120 

 

 

Figure 7.2.5. Discrete aggressive driving behavior use of indicators. 

 Flashing headlights: on average, participants flashed their 
headlights .55 times per hour (SD = 2.98) when driving without the 
DFA and only .43 times per hour (SD = 1.90, t(28) = .55, p = .277, 
one-tailed, d = .10; Figure 7.2.6) under the system’s influence. 
Despite a lack of statistical significance, this result is in the 
direction of H1. 

 Changing lanes in one go: on average, participants changed lanes 
in one go 1.18 times per hour (SD = 2.32) in the baseline condition 
and only .41 times per hour (SD = .91) in the system condition, 
which is a significant decline (t(28) = 2.34, p = .013, one-tailed; 
Figure 7.2.6). With an effect size of d = .44, this is a moderate effect 
(Cohen, 1988). In the case of changing lanes in one go, H1 is 
accepted. 

 Verbal insult: when driving without the DFA, on average, 
participants verbally insulted others on the road .97 times per hour 
(SD = 2.62). In comparison, they made only .61 insulting comments 
per hour (SD = 1.50) when driving with the system (t(28) = .82, 
p = .210, one-tailed, d = .15; Figure 7.2.6). This difference generally 
supports H1. 
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 Insulting gestures: insulting gestures were shown .15 times per 
hour (SD = .58) in the baseline condition but .31 times per hour 
(SD = 1.92) in the system condition (Figure 7.2.6). Like in the case of 
speeding and tailgating, this result is in the wrong direction. 
Therefore, the one-tailed test is not interpreted and H1 has to be 
rejected. Still, the two-tailed test shows that the increase, is not 
significant (t(28) = -.58, p = .568, two-tailed, d = .11).  

 

 

Figure 7.2.6. Discrete aggressive driving behaviors flashing headlights, changing lanes 
in one go, verbal insult, and insulting gestures. 

To test hypothesis H1 across the behaviors, a score was determined by 
summarizing the frequencies of the eight behaviors and multiplying 
them with the severity values derived from the online study (6.3 Study 
4: Online Survey). In the case of the continuous behaviors, ten seconds 
correspond to one unit. For example, if a participant was speeding 
14 minutes per hour (840 seconds), this was equivalent to 84 units. This 
number was multiplied with a severity value of 1.24, which is the mean 
of the severity values for medium speeding (2.12) and strong speeding 
(.36). Participants reached an average score of 392.97 (SD = 208.68) 
when driving with the DFA and an average score of 341.05 (SD = 177.71) 
without the system. Since the score was higher under the system 
condition—which is contrary to the assumed direction—H1 has to be 

*
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rejected across all behaviors. According to the post-hoc two-tailed t-
test, the difference is not significant (t(28) = -1.43, p = .164, two-tailed, 
d = .27). Figure 7.2.7 depicts the development of the score when 
accumulating the individual behaviors in the ascending order of their 
influence, which is the product of their frequency and severity. It 
becomes clear that the two continuous behaviors speeding and 
tailgating, in particular, increased the score in the system condition. 

 

 

Figure 7.2.7. Accumulation of the aggressive driving score. 

Perception 

Hypotheses H2a, H2b, and H2c address the perception of the DFA and 
are tested based on the interview and questionnaire data. 

 Awareness of aggressive driving: hypothesis H2a postulates that 
the DFA raises an awareness of aggressive driving, in particular, of the 
behaviors that are fed back by the system. In the interviews, 
participants named 13 different behaviors that they assumed were 
recognized by the DFA, only three of which were correct, including 
improper following distance/tailgating (17 participants), improper 
speed/exceeding the speed limit (9), and incorrect use of indicators 
(1). Five of the participants explicitly stated that they did not pay 
attention to the system; eight indicated that they did not notice the 
flashing instant feedback; and ten said that they did not observe a 
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change in the appearance of the avatar. Considering the distracting 
aspects of the system, only the pulsating movements of the avatar 
were criticized by one participant (e.g., “The speed of the animation 
is too fast.”). Thirteen participants explicitly stated that the system 
was not distracting and was easy to ignore (e.g., “You don’t have to 
look at it, but you get feedback from the corner of your eye.”). Two 
participants even recommended placing the avatar in the 
instrument cluster to make it more visible (e.g., “I would pay even 
more attention if the animation was displayed behind the steering 
wheel.”). In conclusion, no participant was aware of all behaviors 
fed back by the DFA. Therefore, H2a can only be accepted for 
individual behaviors, including speeding, tailgating, and the 
incorrect use of indicators. 

 Gaming experience: according to hypothesis H2b, the DFA 
increases the gaming experience while driving. To test this 
assumption, participants’ gaming experience was compared within 
the conditions using a paired-sample t-test (Appendix 5.7 and 
Figure 7.2.8). The gaming experience was very high in both 
conditions (system: M = 3.54, SD = .42; baseline: M = 3.47, SD = .41), 
with higher values in a range between 1 and 5 indicating a better 
rating. Although the values were slightly higher when participants 
drove with the DFA, this difference is not significant (t(31) = 1.00, 
p = .173, one-tailed, d = .17). Therefore, H2b has to be rejected. 

 

 

Figure 7.2.8. Gaming experience while driving. 
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Emotional attachment: the last hypothesis, H2c, states that people 
feel emotionally attached to the DFA. To test this hypothesis, the 
emotional attachment score was inspected that can have a value 
between 0 (no attachment) and 32 (high attachment). On average, 
participants reached a score of 22.56 (SD = 4.09, min: 13, max: 29; 
Figure 7.2.9), which is significantly above the theoretical average 
score of 16 (t(31) = 9.08, p = .000, one-tailed). With an effect size of 
d = 1.60, this is a strong effect (Cohen, 1988). The high emotional 
attachment can mainly results from the assessment of the negative 
items (Figure 7.2.10), including “I have no feelings toward the 
avatar” (M = 1.44, SD = 1.39), “The avatar disappoints me” (M = .13, 
SD = .42), “The avatar makes me aggressive” (M = .00, SD = .00), “I 
am resentful of the avatar” (M = .19, SD = .64), and “I do not like the 
avatar” (M = .25, SD = .62). Since the negative items were 
transcoded, the closer their value is to zero, the more positive their 
impact on the score. In conclusion, H2c can be accepted since the 
emotional attachment was above average. This quantitative result 
was underpinned by some qualitative observations during the test 
drive. For example, four participants talked to the avatar when it 
was angry (e.g., “Oh, what’s wrong with you?”). 

 

 
Figure 7.2.9. Emotional attachment to the DFA. 

 

 

Mean
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Figure 7.2.10. Items of the emotional attachment score (*transcoded). 

 Additional measures: the user experience associated with the 
DFA was generally high (M = 2.81, SD = .94), with lower values 
between 1 and 7 representing a better rating (Appendix 5.6). On the 
sub-scales, the system received positive ratings for its hedonic 
quality (M = 3.04, SD = 1.14), pragmatic quality (M = 2.55, SD = .92), 
and attractiveness (M = 2.83, SD = 1.16). Considering the individual 
items, participants especially perceived the system as “easy” instead 
of “complicated” (M = 1.84, SD = .90). Regarding the perceived 
paternalism, it can be said that participants did not feel patronized 
by the system (M = 1.44, SD = .76), considering a scale from 1 “I did 
not feel patronized at all” to 7 “I felt very much patronized.” Thus, 
this factor is not seen as a confounding variable.  

7.2.3 Conclusion and Discussion 

In this chapter, the system developed, the DFA, was evaluated for its 
effectiveness (RQ5: does the DFA mitigate aggressive driving effectively?) 
and perception (RQ6: how do people perceive the DFA?). To answer the 
research questions, an experimental driving study with a WoZ 
prototype of the DFA was conducted. In a within-subjects design, 32 
participants completed a test drive with the prototype (system 
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condition) and without the prototype (baseline condition), while their 
driving behavior was automatically logged and manually annotated 
with a special focus on the driving behaviors fed back by the DFA. 
Moreover, participants provided interview and questionnaire data on 
the system’s perception, including (i) the awareness of aggressive 
driving raised by the system, (ii) the gaming experience when 
interacting with the system, (iii) the emotional attachment toward the 
system, (iv) the user experience, and (v) perceived paternalism 
associated with the system. In line with RQ5, it was assumed that the 
presence of the DFA reduces the frequency of aggressive driving behaviors, 
in particular, those that are fed back by the system (H1). As the results 
showed, under the system’s influence, some behaviors generally 
occurred less often (i.e., use of indicators, verbal insult, flashing 
headlight, changing lanes in one go), while others—contrary to 
expectations—were shown more frequently (i.e., speeding, tailgating, 
insulting gestures). Most of the increasing behaviors are continuous in 
nature (i.e., a sequence of actions over a period of time), whereas all of 
the decreasing ones count for discrete actions (i.e., a single action at a 
time). However, most of the comparisons within the individual 
behaviors did not reach statistical significance and had only small 
effects. Across all behaviors, however, it can be said that people did not 
drive less aggressively when the DFA was present. Therefore, H1 was 
rejected. The perception-related factors, including awareness, gaming 
experience, and emotional attachment, were seen as prerequisites for 
the effectiveness of the DFA. Hypothesis H2a assumed that the DFA 
raises an awareness of the aggressive driving, in particular, of the 
behaviors that are fed back by the system. Since no participant was 
aware of all relevant behaviors, H2a was rejected. Only the feedback on 
tailgating, speeding, and the incorrect use of indicators was correctly 
recognized by some participants. Hypothesis H2b postulated that the 
DFA increases the gaming experience while driving. H2b was not 
accepted, as the gaming experience was high under both conditions 
with no significant difference. Regarding the last prerequisite, it was 
hypothesized that people feel emotionally attached to the DFA (H2c). 
Since the emotional attachment was above average, H2c was accepted, 
showing even a strong effect. Beyond these prerequisites, the DFA was 
associated with a high level of user experience and did not elicit the 
feeling of being patronized. 

Now, the open question is why there is no significant effect of the DFA 
on aggressive driving. At the beginning of this investigation, it was 
assumed that the DFA could be effective (i) if it makes the driver aware 
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of aggressive driving, (ii) if it creates a high gaming experience for the 
driver, and (iii) if it evokes high emotional attachment in the driver. 
However, the DFA only met the prerequisite of emotional attachment. 
Therefore, it can be assumed that the system’s effectiveness would have 
been higher if all prerequisites had been satisfied. In the following, the 
three factors as well as general limitations that might have influenced 
the effectiveness of the DFA are discussed. Thereby, methodological 
and design-related considerations are made. 

Effectiveness 

The first limitation that might have influenced the effectiveness of the 
DFA relates to the presence of the human annotator during the drive. 
According to the passenger effect, people drive safer when accompanied 
by others (Nakagawa et al., 2017). Although this influence was 
supposed to be controlled by having accompaniment on both test 
drives, and although the participants stated that they drove as usual, the 
annotator could have affected their driving in such a way that they 
acted (unconsciously) too conservative to show any change in 
aggressiveness.  

Second, due to the fact that the participants knew that a CAN bus 
logger was monitoring their driving, the logger inherently served as a 
persuasive system (Paraschivoiu et al., 2019). Therefore, the effect of the 
DFA cannot be separated from the effect of the logger.  

Third, it should be noted that the selection of the analyzed aggressive 
driving behaviors is not a validated metric of the construct but a 
technology-driven composition of potentially relevant behaviors. It 
cannot be ruled out that the selected behaviors measured something 
different than aggressive driving or that another set of behaviors would 
be a better indicator. 

Fourth, the practical relevance of the DFA should be considered in 
relation to the empirical effect sizes revealed. Here, the study design 
and existing benchmarks should be taken into account (Fröhlich & 
Pieter, 2009; Pogrow, 2019). For example, one might think about a new 
training schedule with evaluations of professional athletes and hobby 
sportsmen. In both samples, the training reaches an effect size of 
d = .45. In the case of the hobby sportsmen, this can be interpreted as a 
trivial effect. In the case of the professional athletes, however, this 
effect has high practical relevance, since even small increases in 
performance are important (Fröhlich & Pieter, 2009). Likewise, the small 
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effects of the DFA, whether being in the right or wrong direction, are 
trivial in a group of “normally” aggressive individuals, but are 
meaningful for pathologically or criminally aggressive drivers. To 
classify the participants according to their predisposition to drive 
aggressively, psychometric measures such as the Driving Anger Scale 
(Deffenbacher, Oetting, & Lynch, 1994) are needed. Moreover, the 
practical relevance of a small effect is given when an intervention beats 
an existing benchmark (Pogrow, 2019). As an exemplary benchmark, 
Krebs, Prochaska, and Rossi (2010) provide an meta-analysis of effect 
sizes in the context of computer-tailored interventions for improving 
health behavior. Overall, the effects of the persuasive systems 
considered are small to medium. Moreover, Hamari, Koivisto, and 
Pakkanen Behavior summarize that a lot of  persuasive systems have no 
significant or even undesired effects (2014). In view of these findings, 
the practical importance of the DFA increases. 

Fifth, according to the multi-factor model of aggressive driving, 
aggressive driving is triggered by the interplay of personality traits and 
situational factors associated with the blocking of the driver’s goals, 
with the latter having a larger impact (Shinar, 1998). In the study, 
however, the presence of such triggers was neither controlled nor 
checked. Therefore, it could be that there were no triggers of aggression 
and the behavior shown was not actually aggressive driving. 

Finally, despite a lack of significance, it is striking that most of the 
increasing behaviors are continuous in nature, while all decreasing 
behaviors are discrete actions. This finding suggests that the 
effectiveness of the DFA might depend on the type of behavior in 
question and points to the dual-processing of aggressive driving 
(Gawronski & Creighton, 2013).  

Awareness of Aggressive Driving 

More than half of the participants became aware of the feedback on 
tailgating, and around one third realized the feedback on speeding. 
However, hardly anybody noticed the feedback on the discrete 
behaviors. In summary, the DFA has not sufficiently raised participants’ 
awareness of aggressive driving. This has two major consequences for 
the effectiveness of the DFA. In the case of the discrete behaviors, no 
association was made between the behavior and its consequences. Thus, 
there was no cognitive evaluation of and reflection on the behavior that 
might have triggered a change in behavior (Wilson et al., 2015). In the 
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case of the continuous behaviors, the obvious feedback could have been 
perceived as a threat, for example, as a criticism of the driving style or 
unfair punishment. The participants could have responded to this threat 
with reactance in the form of increased aggression (Ehrenbrink & 
Prezenski, 2017). This outcome could explain the unexpected effect of 
continuous behaviors increasing under the system’s influence. 

From a design perspective, it might be assumed that the feedback was 
too unobtrusive to raise awareness. This problem could be solved by a 
more eye-catching design or the use of other feedback modalities, such 
as auditory or haptic notifications. In the context of ecological driving, 
studies have shown that the combination of visual and haptic feedback 
is particularly effective (Staubach et al., 2012)  

From a methodological perspective, the functionality of the DFA was 
not explained to the participants in detail and their interaction time 
with the system was short, so that no mental model was developed and 
no learning effects occurred. To overcome these limitations, long-term 
investigations are needed. 

Gaming Experience 

The participants had a high gaming experience when driving with and 
without the DFA. This result indicates that the gaming experience was 
not caused by the system but by other factors present under both 
conditions. For example, driving itself—as kart racing games show 
(Webb, 2019)—is associated with playful experiences. Likewise, the 
participation in the study could have caused experiences similar to a 
game, such as excitement, challenge, feelings of mastery, or curiosity 
(Ferrara, 2013; Hall et al., 2018). In order to increase the gaming 
experience caused by the DFA, the system needs to incorporate more 
game-like features. In its current version, the DFA uses the game design 
elements feedback and avatar. However, there are a number of other 
gaming elements that could be used, including 3D-sceneries, narratives, 
reputations, points, ranks and levels, marketplaces and economies, 
competition and cooperation, or time pressure (Deterding et al., 2011). 
Here, guidelines for designing gamified applications for the automotive 
domain can help to consider issues such as driver distraction or spatial 
limitations (Diewald et al., 2014). 
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Emotional Attachment 

The participants had an above-average emotional attachment toward 
the DFA since the system did not cause negative emotions, such as 
disappointment or aggression. Still, the system did not cause positive 
emotions either. The development of positive feelings may have 
suffered from the participants’ short interaction time with the DFA 
during the study, which was less than 30 minutes. Assuming that 
emotional relationships with technology develop in a similar way to 
those between humans (Hertlein & Twist, 2018), longer and more 
complex interactions are required. This need becomes clear through the 
example of the relationships people have with their mobile phones. 
People always have their mobile phones with them, and they are used 
for a wide range of everyday tasks, such as getting up, managing 
finances, or chatting with friends (Fullwood, Quinn, Kaye, & Redding, 
2017; Vincent, 2005). All of these tasks take place on a very emotional 
and personal level and promote deeper interactions. A first approach to 
increasing the emotional attachment toward the DFA is to enable 
longer, more complex, more emotional, and personalized interactions 
with the system, whether in the real world or the context of a study. 
Design guidelines that address a user’s attachment to smartphones can 
provide some assistance for this purpose, such as in Thorsteinsson and 
Page (2014).  

The investigation presented constitutes the last step in the HCD process 
on the way to an evaluated persuasive system to mitigate aggressive 
driving. The primary lesson learned through this investigation is that 
there is room for behavior change in cars using Persuasive Technology 
in the form of avatar-based feedback systems. However, in the context 
of aggressive driving, these changes are very sensitive and can shift in 
the opposite direction so that the system promotes aggressive driving. 
The challenge is to identify system features that cause reactance and to 
determine system requirements that prevent reactance. A first 
approach, which was applied by the DFA, is to promote the emotional 
and gamified nature of the system. However, these features must be 
further specified and expanded as they were not fully met with the final 
design of the DFA. Another lesson learned is that the interaction with 
avatar-based feedback systems needs time: the user needs time to 
understand how the feedback works and to establish an emotional bond 
with system. In the final chapter that follows, the dichotomy of discrete 
and continuous behaviors in Persuasive Technology, the issue of 
reactance toward feedback systems, and ways to promote emotional 
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attachment to technology are discussed. These issues are relevant to the 
present thesis and also provide general contributions to the fields of 
Persuasive Technology and aggressive driving. Furthermore, design 
implications derived throughout this thesis are summarized and 
elaborated on, resulting in an initial design guideline for avatar-based 
feedback systems in the automotive domain.  
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VIII. CHAPTER 
 

GENERAL CONCLUSION 
AND DISCUSSION  

8.1 Conclusion 

Aggressive driving is “a syndrome of frustration-driven instrumental 
behaviors which are manifested in: (a) inconsiderateness toward or 
annoyance of other drivers […], and (b) deliberate dangerous driving to 
save time at the expense of others […]” (Shinar, 1998, p. 139). Looking 
for a technology-driven and voluntary intervention to the problem of 
aggressive driving, the research objective was to develop a Persuasive 
Technology solution to effectively mitigate aggressive driving. Persuasive 
Technology refers to “computerized software or information systems 
designed to reinforce, change or shape attitudes or behaviors or both 
without using coercion or deception” (Oinas-Kukkonen & Harjumaa, 
2008, p. 202). Thereby, the focus was on the highway context and 
“normal” people, who behave aggressively from time to time while 
behind the wheel. Theoretically, there are two ways to change 
aggressive driving: directly by influencing the behavior itself  or 
indirectly by removing, altering, or preventing the triggers of 
aggression (Shinar, 1998). 

In order to develop a usable solution, the design process  followed the 
human-centered design (HCD) approach (Maguire, 2001). By involving 
potential end-users and relevant stakeholders, five empirical studies 
were conducted to analyze the wider context of the future system, 
produce a system solution, and evaluate this solution against relevant 
user requirements. The design processes started with two research 
questions regarding the wider context of the system: what are the 
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emotional triggers of aggression in modern driving (RQ1), and what are 
the interventions to change aggressive behavior in everyday situations 
(RQ2)? In the following, the five investigations are summarized and 
relevant contributions are highlighted. 

8.1.1 Summary of Empirical Research 

RQ1 was examined in a naturalistic driving study (study 1). While 
driving in real traffic, 34 participant tracked their emotional experiences 
and the triggers of these experiences. Each trigger associated with a 
negative emotion was supposed to be a potential trigger of aggression. 
Answering RQ1, 75 distinct triggers of aggression were identified. They 
were assigned to 15 different types, each referring to an intrinsic source 
(e.g., personal issues or personal driving behavior) or an extrinsic 
source (e.g., traffic lights or other road users) in the driving situation. 
The most common trigger was the exposure to the illegal and 
illegitimate actions of other motorized road users, such as tailgating, 
slow driving, or throwing trash on the street. 

To address RQ2, interviews with 15 experts dealing with human 
aggression professionally (e.g., psychotherapists, probation officers, and 
martial artists) were conducted (study 2). In answer to RQ2, 34 distinct 
interventions to regulate aggression in everyday life were derived. Later 
on, the interventions were classified by building an affinity diagram. On 
the top level of the diagram, a distinction is made between intrinsic 
interventions (initiated by the self) and extrinsic interventions (initiated 
by an object, the situation, or another person). On the subordinate level, 
the interventions are categorized according to the human system they 
are directed at, differentiating between physical, cognitive, 
motivational, social, and strategic interventions. The interventions 
themselves constitute the bottom level of the classification scheme. The 
identified interventions stand out due to their variety and assumed 
effectiveness.  

Based on the findings of the studies 1 and 2, the aim was to generate 
innovative ideas to mitigate aggressive driving. For this, six ideation 
workshops with 108 participants were conducted (study 3). In the 
workshops, participants were presented with the identified triggers of 
aggressive driving and the anti-aggression interventions. Inspired by 
these findings, 158 ideas were generated by the participants and 
grouped into eight different clusters by the author. Among these 
clusters, the most important source of inspiration for the later system 
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was the concept of the car as an intelligent and social agent that calms 
the driver down. 

Inspired by this idea, the DFA evolved. The DFA is a visual in-car 
interface that provides the driver with feedback on his driving 
performance with a special focus on nine highway-specific aggressive 
driving behaviors, including (i) tailgating, (ii) speeding, (iii) not using 
the indicators before changing lanes, (iv) using the indicators shortly 
before changing lanes, (v) verbal insults, (vi) insulting gestures, (vii) 
flashing headlights, (viii) changing several lanes in one go, and (ix) 
passing a single continuous center line. The feedback is represented by 
the emotional state of an abstract avatar that resembles the Mercedes-
Benz icon. Depending on the driver’s behavior, the avatar gradually 
changes its emotional state. In the absence of aggression, the avatar is 
more relaxed (positive feedback). If the driver drives aggressively, the 
avatar becomes progressively angrier (negative feedback). These 
emotional states were modeled by animating the avatar in terms of 
color and dynamics, i.e., the redder (or bluer) the avatar appears, and 
the faster it moves, the angrier (or relaxed) it is. In addition, the driver 
receives instant feedback by the display flashing as soon as the system 
recognizes an aggressive action. 

In an online survey, 1047 German respondents were asked about their 
first impression of the DFA (study 4). The major research question was 
how do people evaluate the likeability, usefulness, and innovativeness of 
the DFA (RQ3)? In addition, data on the severity of the aggressive 
driving behaviors considered by the system were collected, answering 
the research question of how do people assess the severity of different 
aggressive driving behaviors (RQ4)? This data was used to specify the 
feedback algorithm of the DFA by weighing the feedback provided, i.e., 
severe violations have a stronger negative impact on the avatar’s well-
being than milder ones. With regard to RQ3, the DFA was perceived as 
moderately attractive, useful, and innovative. The results addressing 
RQ4 revealed different severity values for each of the nine behaviors, 
with tailgating, verbal insult, and insulting gestures being the most 
severe behaviors. 

Finally, in an experimental driving study (study 5), the DFA was 
evaluated in terms of its effectiveness (RQ5: does the DFA mitigate 
aggressive driving effectively?) and perception (RQ6: how do people 
perceive the DFA?). For this, a Wizard-of-Oz prototype of the system 
was implemented into a test vehicle. In a within-subjects design, 32 
participants completed a test drive with and without the prototype on a 
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public highway, while their driving behavior was logged. In addition, 
participants provided interview and questionnaire data on their 
perception of the system, focusing on (i) awareness of aggressive 
driving raised by the system, (ii) gaming experience while driving, (iii) 
emotional attachment to the system, (iv) user experience, and (v) 
perceived paternalism caused by the system. The first three factors 
were supposed to be prerequisites for the system’s effectiveness. Under 
the system’s influence, discrete behaviors generally decreased (i.e., use 
of indicators, flashing headlights, changing more than one lane in one 
go, and verbal insults). In contrast, continuous behaviors tended to 
increase (i.e., tailgating, speeding, and—counting for a discrete action—
making insulting gestures). Thus, RQ5 has to be denied overall. In 
answer to RQ6, the system raised a significant awareness of tailgating 
and speeding, but not for the other behaviors fed back by the system. 
The emotional attachment was over average. The gaming experience 
was high but was not associated with the system. Moreover, the system 
created a high user experience and did not elicit the feeling of being 
patronized. In conclusion, the effectiveness of the DFA is unclear, which 
can be explained by the fact that some prerequisites that are supposed 
to moderate the effect of the DFA on the mitigation aggressive driving 
are not satisfied by the system design proposed.  

8.1.2 Summary of Contributions 

Even if the evaluation of the DFA constitutes the last (and maybe most 
memorable) step of the empirical part of this work, contributions to 
research and practice are made, above all, with the previous 
investigations. They paved the way for the development of the system, 
provide a holistic view of the problem of aggressive driving, and 
demonstrate the variety of methods of HCD (e.g., expert interviews, 
online and offline surveys, driving studies, and ideation workshops). 
The major contributions for Persuasive Technology, emotion research, 
and traffic science are stressed below. 

First, the identified emotional triggers of aggression represent a wide 
range of design elements and use cases that provide inspiration for the 
development of a persuasive system to mitigate aggressive driving. For 
example, one might consider how to reduce the negative feelings 
caused by poor road conditions, or make waiting at a red traffic light a 
more pleasant experience.  
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Second, likewise, the classification scheme of anti-aggression 
interventions, including illustrative examples of how to regulate human 
aggression in various domains, also serves as a source of inspiration. 
The challenge is to transfer these interventions into technical solutions 
and take context-specific requirements into account.  Moreover, this 
overview also gives researches and practitioners who are not 
professionals concerned with the management of aggression access to 
this issue. 

Third, although the evaluation of the DFA revealed no significant and 
rather unexpected results, it points to future investigations such as the 
dichotomy of discrete and continuous behaviors in Persuasive 
Technology, the issue of reactance toward feedback systems, and ways 
to promote emotional attachment to technology. These issues are 
relevant in the context of the present thesis and also raise new research 
questions for Persuasive Technology, traffic research, and related 
disciplines. These future directions are detailed in section 
8.2.2 Empirical Reflections. 

Fourth, throughout this work—from theory to empirical research to the 
discussion of findings—learnings regarding the design of an avatar-
based feedback system to mitigate aggressive driving were made. These 
are summarized and elaborated on in section 8.2.3 Design Reflections. 

Finally, beyond the aforementioned scientific contributions, one should 
not forget the practical relevance of the DFA and its positive impact on 
the individual and social consequences of aggressive driving, related to 
the subjective experience of driving, personal health, driving safety, and 
traffic flow. 

8.2 Limitations and Future Directions 

The following sections discuss the methodological limitations of the 
empirical studies and outline future directions for research and practice. 
Thereby, references to the theoretical foundations of this work are 
made. 

8.2.1 Methodological Reflections 

Several limitations, which have been discussed in the individual studies, 
have to be considered when interpreting the findings of this thesis and 



 

 

137 8.2 Limitations and Future Directions  

its contributions. Beyond these constraints, this section discusses the 
critical methodological decisions on a meta-level.  

Limitations regarding the Human-centered Design Process 

According to the ideal of HCD, the design process should be done in an 
iterative fashion, i.e., the individual phases should be switched, 
conducted concurrently, and repeated until an optimal solution is found 
(Maguire, 2001). In the present work, however, the HCD process was 
carried out without jumping forward and back between the stages, 
which was at the expense of the optimal solution. Thus, at this point, 
the design process should be continued by initiating a second iteration 
based on the lessons learned from the evaluation of the DFA (study 5). 

Another constraint refers to the users and stakeholders involved in the 
design process. What is critical for both is their strong association with 
Mercedes-Benz, either as drivers of a Mercedes-Benz car or employees 
of the Daimler Group. This applies to the samples of the two driving 
studies (study 1 and 5) and the participants of the ideation workshops 
(study 3). In consequence, a rather homogenous group was involved in 
the development and evaluation of the DFA so that it is assumed that 
the system primarily matches the needs of a special group of people.  

Balance between Internal and External Validity 

A general issue in Human-Computer-Interaction (HCI) is the challenge 
of balancing experimental standardization (internal validity) and 
generalization (external validity). While HCI claims for framing 
research activities within the real world to increase relevance and 
realism, behavioral science, in general, insists on experimental validity 
to examine the effectiveness of a behavioral intervention (Lew, Nguyen, 
Messing, & Westwood, 2011; Zimmerman, Forlizzi, & Evenson, 2007). In 
view of the present work, this discussion mainly concerns the 
experimental driving study (study 5). Conducted in real traffic, the 
findings provide high external validity. However, the internal validity is 
limited. First, due to the realistic conditions, the controllability, 
reproducibility, and standardization of the experimental setup were not 
guaranteed (de Winter et al., 2012). Second, the construct of aggressive 
driving was operationalized by a non-validated metric, consisting of 
nine different aggressive driving behaviors that are supposed to be an 
indicator of the construct. Due to the missing validation, it cannot be 
ruled out that the selected behaviors measured something different than 
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aggressive driving or that another set of behaviors would be better 
indicators. In order to increase the internal validity, the experimental 
setup should be replicated in a simulator study, and the proposed metric 
to capture aggressive driving should be validated empirically in 
advance.  

Need for Long-term Studies 

The need for long-term investigations has been demonstrated multiple 
times during this work. First, the HCD process should be iterated until 
an optimal solution is found. Second, given the naturalistic driving 
study (study 1), a long-term investigation could have resulted in a wider 
range of emotional triggers of aggression. Finally, it takes a long time 
for behavioral changes to show up, for emotional attachment to be 
established, and for mental models to be developed (Lally, van Jaarsveld, 
Potts, & Wardle, 2010)—all of which were examined in the experimental 
driving study (study 5). In conclusion, the mitigation of aggressive 
driving using Persuasive Technology is a perennial issue, which should 
be reflected in long-term research activities. 

8.2.2 Empirical Reflections 

The empirical discussion focuses on the dichotomy of discrete and 
continuous behaviors in Persuasive Technology, the issue of reactance 
toward feedback systems, and ways to promote emotional attachment 
to technology. These issues were uncovered with the evaluation of the 
DFA and imply relevant considerations for future research. Moreover, 
the DFA is discussed in the context of the theory of operant conditioning 
(Skinner, 1963). 

Dual-Processing of Discrete and Continuous Behavior 

Under the influence of the DFA, discrete aggressive driving behaviors 
generally decreased, while continuous ones tended to increase. In 
reference to the theoretical foundations of this work, the discrete-
continuous distinction reminds of the dichotomy of human processing 
proposed in dual-process theories, leading to the assumption that both 
types of behavior are processed in different ways. (Frankish, 2010; 
Gawronski & Creighton, 2013). A large body of literature on dual-
process theories has emerged over the past decades. However, no 
approach explicitly addresses the processing of discrete and continuous 
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behavior. Thus, this section introduces three perspectives that underpin 
the assumed dichotomy of discrete and continuous behavioral processes 
in Persuasive Technology: (i) the distinction between controlled and 
automatic human information processing (Schneider & Shiffrin, 1977; 
Shiffrin & Schneider, 1977), (ii) the four horsemen of automaticity 
(Bargh, 2014), and (iii) the intertwined process cognitive-affective model 
(James Price Dillard & Shen, 2005).  

Shiffrin and Snyder (1977) provide one of the most fundamental work in 
the field of dual-processing where they differentiate between controlled 
and automatic processes. They define automatic processes “as the 
activation of a sequence of nodes” (Schneider & Shiffrin, 1977, p. 2) by 
an internal or external stimulus without the individual’s active control 
or attention. In contrast, controlled processes are “a temporary 
sequence of nodes activated under control of, and through attention by, 
the subject” (Schneider & Shiffrin, 1977, p. 2). Due to the temporal 
component, these modes provide an initial definition of discrete and 
continuous behavior. Discrete behavior, which is seen as a single action 
at a time, corresponds to the understanding of controlled processes. 
Continuous behavior, which is a sequence of actions enacted over a 
period of time, refers to the automatic mode. What still has to be 
answered is whether discrete and continuous driving behaviors fulfill 
the same attributes as automatic and controlled processes in general. 
Thus, it has to be checked whether discrete aggressive driving behavior 
occurs under the active control and attention of the driver, and whether 
continuous aggressive driving behavior occurs without the driver’s active 
control and attention. 

The four horsemen of automaticity model contradicts the strict 
distinction between controlled and automatic processes, claiming that 
some processes are neither exclusively automatic nor exclusively 
controlled (Bargh, 2014). There are three types of automaticity that 
differ in their level of awareness, efficiency, intentionality, and 
controllability—the four horsemen. Awareness refers to the conscious 
perception of the stimulus that triggers human processing, the process 
itself, or the consequences of the process; efficiency relates to the 
amount of cognitive resources required for the process; intentionality 
describes the control over the instigation of the process; and 
controllability is the ability to stop or alter a process after its initiation. 
Consequently, the first type of automaticity is pre-conscious 
automaticity, whereby the individual becomes aware of a stimulus in 
the environment but is not motivated to further process it. A subset of 
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pre-conscious automaticity is subliminal perception referring to stimuli 
that are transferred below the level of conscious awareness. Subliminal 
perception does not require cognitive resources so that the use of 
subliminal persuasive feedback for in-car systems is supposed to be a 
promising approach to increase road safety (Riener, 2012). The second 
type, post-conscious automaticity, refers to processes that are conscious 
and temporary, and only occur when the stimulus contains some 
relevance to the individual. Post-conscious automaticity also explains 
the phenomenon of priming. Priming can be observed when the 
exposure to a stimulus influences judgments that directly follow (Bargh, 
2014). Finally, goal-dependent automaticity describes processes that 
only occur under the individual’s intention and control. Since the DFA 
is aimed at increasing the driver’s awareness of certain behaviors, there 
is a link to the construct of awareness. Many participants recognized 
the feedback on tailgating and speeding, both of which increased under 
the system’s influence. However, hardly anybody was aware of the 
feedback on the discrete behaviors. Discrete behaviors were shown less 
often under the influence of the DFA (even if this effect was not 
significant), which could indicate subliminal persuasion. This leads to 
the assumption that depending on whether the feedback creates awareness 
of the concerned driving behavior or not, both discrete and continuous 
behavior can be processed pre-consciously, post-consciously, or goal-
directed.  

The intertwined process cognitive-affective model is a model of 
reactance in HCI (James Price Dillard & Shen, 2005). The theory of 
psychological reactance proposes that, when an individuals’ freedom is 
threatened, reactance is activated, which motivates him to restore or 
compensate for the loss or reduction of autonomy (Brehm, 1966; 
Ehrenbrink & Prezenski, 2017; Steindl et al., 2015). The intertwined 
process cognitive-affective model starts with a perceived threat of 
freedom or control and focusses on its cognitive and affective 
consequences. On the one side, the threat leads to cognitive processes 
that are aimed at reestablishing the lost freedom or control, such as 
talking up the threat, derogating the source of the threat, denying the 
existence of the threat, or realizing freedom in a different way. On the 
other, the threat elicits anger or another negative affective state, which, 
in turn, leads to aggressive behavior. Both cognitive and affective 
processes are intertwined (James Price Dillard & Shen, 2005). Also 
driving feedback can be interpreted as a threat, for example, if it is 
perceived as unfair or as a criticism of one’s driving skills (Uludag, 
2014), if it is patronizing (Spiekermann & Pallas, 2006), or if the driver 

https://en.wikipedia.org/wiki/Stimulus_(psychology)


 

 

141 8.2 Limitations and Future Directions  

does not understand what the feedback is for (Bar-Anan et al., 2009). In 
the case of the DFA, participants were aware of the feedback on the 
continuous behaviors but not on the discrete ones. Consequently, only 
the feedback on the continuous behaviors could be perceived as a threat 
and cause reactance, which is evident in the general increase of this 
type of behavior. Moreover, the respondents of the online survey 
(study 4) were afraid that the DFA could amplify aggressive responses, 
which supports the assumption that the feedback was threatening. In 
conclusion, this leads to the assumption that if driving feedback is 
perceived as a threat to freedom by the driver, this leads to reactance and 
increased aggression. The risk of being perceived as a threat is especially 
high for punishing feedback. If driving feedback is not perceived as a 
threat to freedom, this leads to a change of the behavior fed back. 

In summary, the processing modes automatic and controlled provide an 
initial definition of discrete and continuous aggressive driving behavior 
(Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977); the three types 
of automaticity describe how these behaviors might be processed 
(Bargh, 2014); and the intertwined process cognitive-affective model 
shows how driving feedback can lead to reactance (James Price Dillard 
& Shen, 2005). While all of these approaches were considered separately 
in the present discussion, the challenge for future research will be to 
develop an integrated approach that explains the dichotomous 
processing of discrete and continuous aggressive behavior and the 
consequences for behavior change. 

Increasing Emotional Attachment 

Although the participants’ emotional attachment toward the DFA was 
above average, it is a challenge to create a deeper emotional bond. The 
limiting factors were the interaction possibilities and the interaction 
time with the system. The interaction possibilities were delimited due 
to the risk of driver distraction and the reduced freedom of movement 
in the car (Horberry et al., 2006). This prevented complex interactions 
(e.g., deep talks) as well as interactions that require intensive physical 
activity (e.g., walking around). In the following, two design implications 
are proposed that are supposed to promote the development of 
emotional attachment in systems under limited temporal and spatial 
conditions: (i) the implementation of human-like attributes beyond 
emotions, and (ii) the concept of personalization. 
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The unique feature of the DFA is its capacity to express emotions. The 
implementation of emotions into a system is a form of 
anthropomorphism. Anthropomorphism is defined as the attribution of 
human-like characteristics to non-human objects (Bartneck et al., 2009; 
Richert et al., 2018; Yuan & Dennis, 2019). The level of 
anthropomorphism positively correlates with the emotional attachment 
toward the system (Rauschnabel & Ahuvia, 2014). In order to increase 
this effect in the case of the DFA, anthropomorphic features other than 
emotions could also be implemented. For example, visual human-like 
characteristics of electronic consumer products increase the emotional 
attachment toward them and, in turn, people’s willingness to pay for 
them (Yuan & Dennis, 2019). In the field of social robotics, it was shown 
that also anthropomorphic attributes such as a name or a personal 
history have a positive effect on people’s emotional response toward 
the robot, in this case, the tendency to strike it (Darling, 2015).  

Moreover, emotional attachment also benefits from personalization, 
which is the process of changing a product’s appearance or 
functionality in favor of its relevance to the user. By personalizing a 
system, the person invests effort in it, such as time, energy, or attention, 
which creates an emotional bond (Mugge, Schoormans, & Schifferstein, 
2009). The positive effect of personalization on emotional attachment 
was shown for a variety of products, ranging from bicycles (Mugge et 
al., 2009) to game avatars (Ducheneaut, Don Wen, Yee, & Wadley, 
2009). In the case of the DFA, two features can be personalized: the 
feedback and the avatar. The driver could personalize the 
representation of the feedback (abstract vs. concrete), the timing 
(instant or summarized), the output modality (e.g., display, lightning 
systems, sound systems), or specific design features (e.g., color, 
brightness, size). The avatar could be personalized by creating a 
personal avatar or giving the avatar a name. Through personalization, 
also culture-, age-, and context-specific user requirements can be 
addressed. For instance, it is known that Asian countries prefer cartoon-
like avatars compared to Western countries (Yoon & Vargas, 2016). 
Likewise, older adults favor cartoon-like avatars, while younger adults 
and teenagers want clean designs (Rice et al., 2013). 

Feedback and Operant Conditioning 

In principle, feedback is a performance indicator based on the outcome 
of an enacted intention or habit (Wilson et al., 2015). By providing the 
individual with feedback on his performance, he can make associations 
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between the behavior in question and its consequences. This association 
may trigger the cognitive evaluation of the behavior and, in turn, cause 
a change. In doing so, feedback increases or decreases the likelihood of 
a certain behavior, which is a form of operant conditioning (Skinner, 
1963). The theory of operant conditioning is based on the idea of 
presenting or removing an aversive or favorable stimulus after a certain 
behavior in order to strengthen or weaken it. Four forms of 
conditioning are possible: positive reinforcement, negative 
reinforcement, positive punishment, and negative punishment. 
Reinforcement increases the likelihood of the behavior in question, 
while punishment decreases it. Positive means that a stimulus is added, 
while negative indicates its removal. In positive reinforcement (or 
reward), the behavior is followed by a favorable stimulus. Negative 
reinforcement occurs when an aversive stimulus is removed after the 
occurrence of the behavior. In contrast, negative punishment refers to 
removing a favorable stimulus after the behavior has occurred. Finally, 
positive punishment occurs when an aversive stimulus is presented 
after the behavior in question (McConnell, 1990; Skinner, 1963). 

The positive and negative feedback provided by the DFA can be seen as 
a favorable or aversive stimulus, respectively. The active provision of 
negative feedback on aggressive behavior is a manifestation of positive 
punishment. In contrast, prosocial behavior was negatively reinforced 
by removing the negative feedback, which refers to negative 
reinforcement. However, for both feedback variants to have an effect, it 
must be ensured that the positive (or negative) feedback is actually 
perceived as an aversive (or favorable) stimulus. In the context of the 
DFA, it might be the case that the participants preferred the 
visualization of negative feedback (i.e., the angry state of the avatar that 
is associated with red and fast movements), compared to the positive 
feedback (i.e., the relaxed state of the avatar that is associated with blue 
and slower movements). Although it was confirmed that the 
participants interpreted the emotional states of the avatar correctly 
according to their intended valence (6.2.3 Avatar and Feedback Design), 
they were never asked for their aesthetic perception of the different 
visualizations. Thus, even if the angry state was intended to be an 
adverse stimulus by the author, it might be the case that participants 
aesthetically were in favor of this visualization. In consequence, the 
avatar’s angry state (unconsciously) functioned as a positive 
reinforcement instead of a positive punishment, which would provide 
an explanation for the increase of aggressive driving. In conclusion, this 
raises the question concerning the motivation of people to care for a 
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certain emotional state of a virtual avatar as well as the discussion of the 
relevance of aesthetics as a reward. 

8.2.3 Design Reflections 

From theory to empirical research to the discussion of findings, a 
number of insights were gained that can be (or already have been) 
applied to the design of the DFA and similar systems. In the following, 
these considerations are summarized and elaborated on to provide an 
initial design guideline for the development of an avatar-based feedback 
system to mitigate aggressive driving. However, the implications 
proposed are neither final nor complete, encouraging researchers and 
practitioners alike to refine and expand on them. 

 Visual feedback: the overall positive assessment of the visual 
design of the DFA in terms of driver distraction and 
unobtrusiveness supports the choice for a visual solution. At this 
point, the challenge is to design the feedback in such a way that it 
creates an awareness of the behavior in question without being 
disruptive. While focal visual interfaces (e.g., the instrument cluster 
display) generate the necessary awareness, peripheral visual 
interfaces (e.g., lighting systems) are less obtrusive (Campbell et al., 
2016; Paraschivoiu et al., 2019). 

 Anthropomorphism: a driver’s emotional attachment toward the 
system can foster prosocial behavior, prevent reactance, and 
promote long-term usage. A possibility to increase emotional 
attachment is to implement human-like attributes into the system, 
including physical characteristics, motivations, intentions, or 
emotions (Bartneck et al., 2009; Richert et al., 2018; Yuan & Dennis, 
2019). For this, abstract or metaphorical representations of the 
feedback should be used (Paraschivoiu et al., 2019).  

 Personalization: another way to increase emotional attachment is 
to give the driver the possibility to personalize the system (Mugge 
et al., 2009). This can be done, for example, by configuring feedback 
features according to personal preferences (e.g., representation, 
timing, modality, design). If an avatar is used as a design element, 
the avatar itself could be personalized, for example, by creating an 
individualized avatar or by giving it a name.  

 Avoid positive punishment: driving feedback provided by a 
system can lead to reactance and increased aggression if the 
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feedback is perceived as a threat (Brehm, 1966; Ehrenbrink & 
Prezenski, 2017; Steindl et al., 2015). This is the case when 
aggressive behavior is punished with negative feedback. Thus, it is 
recommended to reward the desired behavior with positive 
feedback and to remove this reward if aggressive behavior is shown 
(Skinner, 1963; Wilson et al., 2015). It is important to note that one 
needs to check whether the user likes the design of the positive 
feedback so that is can function as a reward. 

 Social Gamification: the DFA incorporates the Gamification 
elements of avatar and feedback. Besides, there are a number of 
other elements that could be used (Deterding et al., 2011). When it 
comes to socially motivated changes in behavior, such as aggressive 
driving, it is recommended to use social Gamification elements, 
including guilds or teams, social networks, social comparison, social 
competition, and social discovery (Tondello et al., 2016). For 
example, Soroa, Wollstädterb, and Rakotonirainya (2014), present 
the so-called driving behavior badges. The in-car application 
compromises the idea to collect color badges depending on the 
driving behavior. For good driving, the driver receives green 
badges, for bad driving, he receives red ones. Amber colored badges 
indicate an average driver. The badges are earned based on other 
drivers’ votes. For this, every car in the community has a button on 
the steering wheel that can be pressed to vote for another driver 
nearby. The badges and the corresponding driving score are 
presented to the driver as well as the other community members in 
the head-up display. 

 Feedback explanations: for the most effective feedback, the driver 
should be provided with both instant and summarized information 
on his driving performance (Addalena & Aras, 2005). While instant 
feedback raises an awareness of the behavior intended to be 
changed, summarized feedback helps to monitor the progress in 
performance. In any case, it is essential that the driver understands 
which behaviors are fed back and why in order to establish a 
cognitive link between the behavior and the feedback (Wilson et al., 
2015). For this, the feedback should contain an explanatory 
component. Instant feedback, for example, could be enriched by 
icons or short textual instructions that direct the driver’s attention 
to the relevant behavior, point out the gap between the current and 
the desired behavior, or provide information on how to correct the 
behavior (Chan & Ng, 2009; Feng & Donmez, 2013). Summarized 
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feedback should make explicit the behaviors that are being 
considered. A practical example that combines abstract feedback 
and discrete explanations is the eco interface developed by Renault 
(Figure 8.2.1). The system includes a concrete feedback in the form 
of a numerical score that is based on different parameter such as 
acceleration, gear change, or braking. Each parameter is visualized 
through a progress bar so that the driver knows which parameters 
are relevant for the score. In addition, an abstract representation of 
this score is given in the form of a leaf that grows in accordance 
with the score. 

 

 

Figure 8.2.1. Renault’s (2019) eco interface. 

 (Additional) mobile solution: some of the previous ideas cannot 
be implemented in the car without risk as they increase driver 
distraction. These implications encourage a mobile solution of the 
system that can be used while standing or outside the car. Another 
benefit of a mobile solution is the extended interaction time, which, 
in turn, might increase the driver’s attachment to the system. When 
implemented into a smartphone, the system might also benefit from 
the extraordinary relationship people have with their mobile 
phones, which could be transferred to the system (Vincent, 2005). 

https://www.google.com/url?sa=i&url=https://www.renault.de/modellpalette/renault-modelluebersicht/neuer-trafic-combi/dimensions-and-engines.html&psig=AOvVaw0iowlchDrgDaDn9DHomLm4&ust=1584803784140000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMjSkqesqegCFQAAAAAdAAAAABAc
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8.3 Outlook and Closing Words 

Motivated by the individual consequences (i.e., decreasing pleasure of 
driving and personal health) and social consequences (i.e., increasing 
traffic accidents and congestion) of aggressive driving, the research 
objective of this doctoral thesis was to develop a Persuasive Technology 
solution to mitigate aggressive driving. As a solution, the DFA evolved. 
The DFA is a visual in-car interface that provides the driver with 
feedback on his driving performance with a special focus on highway-
specific aggressive driving behaviors. The feedback is represented 
through the emotional state of an abstract avatar—resembling the 
Mercedes-Benz star—that changes its emotional state depending on the 
driver’s behavior. With the idea of the DFA, this work has shown that 
there is room for mitigating aggressive driving through Persuasive 
Technology. The contribution of this thesis is not only the system 
proposed, but also the holistic investigation of aggressive driving. 
Despite all contributions, there is a need for future research. Thus, this 
thesis wants conclude with an outlook on future research and design 
activities in the field of traffic research and Persuasive Technology. 

First, the focus of this work was on the highway context. However, 
aggressive driving can also be observed in the city, in residential areas, 
or on country roads, which raises the questions of persuasive solutions 
to mitigate aggressive driving in these contexts. 

Second, due to the design focus of this work, the theoretical 
foundations, such as the multi-factor model of aggressive driving and 
the assumption of direct and indirect behavior change in the context of 
aggressive driving (Shinar, 1998), were not empirically investigated. 
Future research, however, should do so to draw conclusions about the 
effectiveness of the DFA and similar systems. 

Third, traffic research lacks a validated metric for measuring aggressive 
driving based on objective behavioral data. This work provides an 
initial attempt to establish such a metric that claims for further 
investigations. 

Fourth, the proposed design guideline with a focus on avatar-based 
feedback systems in the automotive domain wants to motivate future 
research and design activities. On the one side, the implications 
contained are neither final nor complete, encouraging researchers and 
designers to refine and expand on them. On the other side, the 
implications can serve as an inspiration for the development of 
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Persuasive Technology in other contexts related to aggression, making 
it necessary to adapt them. 

Finally, the assumption that discrete and continuous behavior is 
processed in different ways by humans is a relevant issue in the field of 
Persuasive Technology. This assumption requires experimental 
investigations as well as the development of a dual-process model in 
this context. 

As long as we drive manually, the issue of aggressive driving is an 
omnipresent problem on our roads. This work has shown that there is 
room to change aggressive behavior through Persuasive Technology in 
the form of an avatar-based feedback system. However, this work has 
also shown that changing aggressive driving is a sensitive issue and 
that the design of appropriate technology-driven interventions has to 
be well thought out in order to achieve the intended effects. Thus, this 
work wants to encourage researchers and practitioners concerned with 
the problem of aggressive driving to add this challenge to their agendas 
and, in doing so, enhance the subjective experience of driving, improve 
personal health, and contribute to the steady traffic flow and safety of 
our roads.  
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Appendix 1.1. Interview guide of the preliminary study. 
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Appendix 1.2. Description of types of negative emotional triggers while 
driving. 

Type Description 

Vehicle Functionality and user experience issues of the car and its 
systems 

Navigation Functional errors of the navigation system 

Driving speed Traffic management requiring a decrease in velocity 

Arrival Deviations of the arrival time 

Interaction with non-
motorized road users 

Illegal and illegitimate actions of pedestrians and cyclists 
directed at oneself, others, or the environment 

Interactions with 
motorized road users 

Illegal and illegitimate actions of drivers directed at oneself, 
others, or the environment 

Orientation Uncertainty about the current location 

Entertainment Referring to the content of audio media 

Traffic volume General intensity of traffic and congestion 

Driving environment Material aspects (e.g., speed camera), atmospheric aspects 
(e.g., bad weather), temporal aspects (e.g., Monday morning), 
and situational aspects (e.g., traffic accident) in and around 
the car. 

Parking Incidents occurring in parking areas and conditions of the 
parking space 

Personal issues Conditions caused by external circumstances and cognition 
not related to the current driving situation.  

Traffic light Incidents occurring at a traffic light or situations associated 
with the state of a traffic light 

Road conditions Quality of the road surface and construction of the road 
system 

Own driving behavior Driving errors of the driver 
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Appendix 1.3. Test route of the naturalistic driving study. 
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A.2 Appendix Chapter IV 

Appendix 2.1. Job descriptions and professional experience in years of 
the expert sample. 

Job description Experience 

in years 

(Psycho-)therapy  

Psychologist, head of the social-therapeutic department of a youth 
correctional institution  

16 

Psychologist, own traffic-psychological practice  22 

Psychologist, own traffic-psychological practice 9 

Psychologist, own psychotherapeutic practice 15 

Alternative practitioner, own psychotherapeutic practice for children 
and adolescents 

3 

Working environments  

Personal coach for local government personnel 14 

De-escalation trainer in healthcare 30 

De-escalation trainer at schools 20 

Physicist, participating in a Mars simulation 1 

Traffic research   

Psychologist at a traffic research institute 19 

Human factors researcher at an aeronautics research institute 5 

Offenders work and forensic psychology  

Psychologist, self-employed consultant for violence prevention and  
management in public contexts 

12 

Educationalist at a psychotherapeutic practice for violent children 
and adolescents 

20 

Educationalist at an institute for violent children and adolescents 4 

Sports  

Karate coach 26 
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Appendix 2.2. Interview guide of the expert interviews. 
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A.3 Appendix Chapter V 

Appendix 3.1. One-pagers filled in by the participants of the ideation 
workshops. 
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Appendix 3.2. Evaluation sheets filled in by the participants of the 
ideation workshops. 
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Appendix 4.1. Screenshots of the online survey. 
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A.5 Appendix Chapter VII 

Appendix 5.1. Test route of the experimental driving study. 
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Appendix 5.2. Instruction of the experimental driving study. 
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Appendix 5.3. Annotation guideline of the experimental driving study. 
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Appendix 5.4. Interview guideline of the experimental driving study. 
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Appendix 5.5. Questionnaire of the experimental driving study. 
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Appendix 5.6. Descriptive statistics of the user experience items. 

 Item Min Max M SD 

Attractiveness     

enjoyable - annoying 1.00 6.00 2.84 1.37 

good - bad 1.00 5.00 2.74 1.26 

pleasing - unlikable 1.00 6.00 3.23 1.31 

pleasant - unpleasant 1.00 6.00 2.55 1.26 

Overall attractiveness 1.00 5.50 2.84 1.16 

Pragmatic quality     

understandable - not understandable 1.00 5.00 2.29 1.10 

easy - complicated 1.00 4.00 1.84 .90 

supportive - obstructive 1.00 7.00 2.84 1.32 

efficient - inefficient 1.00 6.00 3.23 1.36 

Overall pragmatic quality 1.00 4.75 2.55 .92 

Hedonic Quality     

creative - dull 1.00 7.00 2.81 1.38 

valuable - inferior 1.00 7.00 3.10 1.47 

motivating - demotivating 1.00 6.00 3.23 1.48 

Overall hedonic quality 1.33 6.67 3.04 1.14 

User experience score 1.19 4.75 2.81 .94 

N = 31; scale: 1 positive pole – 7 negative pole     

 

Appendix 5.7. Descriptive statistics of the gaming experience items. 

 System Baseline 

Item Min Max M SD Min Max M SD 

I felt successful 1 5 2.88 1.21 1 5 2.63 1.36 

I felt bored* 1 4 1.69 .97 1 3 1.63 .75 

I found it impressive 1 5 2.56 1.13 1 5 2.13 1.21 

I forgot everything around me 1 4 1.81 .97 1 4 1.88 .98 

I felt frustrated* 1 1 1.00 .00 1 3 1.06 .35 

I found it tiresome* 1 4 1.66 1.00 1 4 1.41 .80 

I felt irritable* 1 4 1.22 .66 1 3 1.09 .39 

I felt skillful 1 5 3.50 1.14 1 5 3.34 1.15 

I felt completely absorbed 1 5 2.19 1.12 1 4 2.19 1.00 

I felt content 1 5 4.06 .88 1 5 3.88 1.01 

I felt challenged 1 5 1.50 .84 1 4 1.38 .71 

I had to put a lot of effort into it* 1 2 1.22 .42 1 3 1.19 .47 

I felt good 3 5 4.25 .51 1 5 4.13 .75 

Gaming experience score 2.69 4.69 3.54 .42 2.54 4.62 3.47 .41 

N = 32; scale: 1 “not at all”, 2 “slightly”, 3 “moderately”, 4 “fairly”, 5 “extremely” 
* inverse formulated and transcoded for the calculation of the gaming experience score 

 




