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ABSTRACT

The increasing number of mental disorders worldwide calls for
novel types of prevention measures. Given the number of com-
muters who spend a substantial amount of time on the road, the car
offers an opportune environment. This paper presents the first in-
vehicle intervention study affecting mental health and well-being
on public roads. We designed and implemented two in-vehicle inter-
ventions based on proven psychotherapy interventions. Whereas
the first intervention uses mindfulness exercises while driving, the
second intervention induces positive emotions through music. Ten
ordinary and healthy commuters completed 313 of these interven-
tions on their daily drives over two months. We collected drivers’
immediate and post-driving feedback for each intervention and
conducted interviews with the drivers after the end of the study.
The results show that both interventions have improved drivers’
well-being. While the participants rated the music intervention
very positively, the reception of the mindfulness intervention was
more ambivalent.
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1 INTRODUCTION

In recent years, there has been a massive increase in the number of
people affected by mental health issues. Over the last decade, major
depressive disorders rapidly increased by 18.4% to 320 million cases
per year worldwide and anxiety disorders by 14.9% to 264 million
cases [67, 73]. Beyond the loss of quality of life for the individual, the
resulting economic burden of these diseases is enormous because
society is confronted with productivity losses and high treatment
costs [27]. Given that less than half of all mental disorders are de-
tected and treated, the World Health Organization has described
the situation as alarming [38]. Hence, prevention of mental illnesses
has received increased attention in recent years [22]. The demand
for large-scale preventive interventions exceeds the available ca-
pacity of existing forms of treatments in psychotherapy, which
usually involve personal interaction [27]. Novel interventions, how-
ever, ubiquitously carried out via the internet or on mobile devices,
may provide supplementary, cost-effective forms of support and
offer the advantage of being independent of time and place [22, 49].
Many of them aim to reach the masses to prevent diseases before
they arise and before longer-lasting harm materializes, for example
by strengthening resilience factors such as well-being [22]. The
World Health Organization strongly emphasizes the relevance of
prevention. As a matter of fact, they define health not only as the
absence of disease, but also as “a state of complete physical, social,
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Figure 1: Car interior with the study setup. Left: Buttons on the steering wheel to control the intervention playback. Middle:
Smartphone with app to answer the questionnaires and to control the interventions. The snapshot shows the app currently
playing an intervention. Right: Car infotainment showing the running intervention.

and emotional well-being® [72]. And indeed, well-being is recog-
nized as a cornerstone to reduce the vulnerability of suffering from
mental disorders [18, 24, 55].

In light of the depicted challenges, psychotherapy extends its
reach by bringing interventions into everyday life situations (e.g.,
by app-based solutions [70]). In this context, existing research has
recognized the potential of in-vehicle interventions by exploring
novel types of interventions that can be applied in the car without
compromising driver safety, such as guided breathing exercises [4]
or personalized voice assistants [11]. Commuters in particular spend
considerable time in the car that might be used for such interven-
tions. In Germany, for example, approximately 60% of employees
commute by car every day. Among these, over 20% spend at least
one hour per day in their car [62]. Even higher figures apply for the
US, where 57 million employees (38% of the workforce) commute at
least one hour per workday [64]. Yet, most existing research in the
domain still focuses on laboratory studies or, at most, on real-world
settings under highly controlled conditions (i.e., short periods of
time or predefined routes). This differs substantially from our study,
as we inspect the impact of mental health and well-being interven-
tions in the real world, i.e., on public roads and over a longer period
of time.

Today’s highly computerized cars enable sophisticated and po-
tentially powerful intervention strategies. However, driver safety is
paramount in a real-world environment. Hence, we focus our anal-
ysis on fundamental intervention effects and mechanisms, thereby
paving the way for more elaborated interaction approaches. More
specifically, we developed and implemented two audio-based in-
vehicle interventions: a mindfulness exercise and an emotional
music experience. Both intervention types have proven to be highly
effective outside of the car; we adapted and implemented them
with a multidisciplinary team of computer scientists, psychologists,
and driving safety experts for the car. For a period of two months,
we have equipped ten participants with cars that were specifically

prepared for delivering interventions to analyze the impact of the
interventions on public roads. During that time, each driver expe-
rienced both types of interventions. More specifically, one inter-
vention was initiated per trip and the type of the intervention was
chosen randomly. Upon completion of the intervention, the drivers
immediately evaluated the intervention effects on their affective
state on the basis of a triggered voice feedback. In addition, the
drivers rated their affective state before and after driving. Following
previous intervention studies on mental health and well-being, we
concentrate on affect, since affective well-being is a specific aspect
of well-being closely related to mental illnesses [1, 17, 19].

In short, this paper investigates the impact of two mental health
and well-being interventions that had previously proven to be
effective outside the car in a longitudinal in-vehicle study on public
roads. Thereby, our study addresses the unanswered challenges
of whether drivers are able to conduct mental health and well-
being interventions on open roads, and if so, what their effects are.
The contributions of this work are threefold: (1) We transfer and
adapt two proven psychotherapeutic interventions for use in the car
while driving, (2) we investigate to which extent these in-vehicle
interventions for mental health and well-being have an immediate
impact on drivers’ affect, and (3) we investigate to which extent these
in-vehicle interventions have an impact on the drivers’ post-driving
affect. To the best of our knowledge, we are the first to investigate
the effects of in-vehicle interventions in a longitudinal driving study
in real-world traffic conditions with everyday commuters.

2 THEORETICAL BACKGROUND AND
RELATED WORK

In this section, we first outline the term well-being and its rela-
tionship to mental health. Next, we inspect existing interventions
for the prevention and treatment of mental disorders. Finally, we
review existing in-vehicle interventions that are discussed in the
literature or are available in today’s cars.
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2.1 Mental Health & Well-Being include chatbots that can help with everyday situations such as de-
Empirical evidence strongly suggests that well-being is a crucial and reattachment from work71, or deliver established psycho-
factor in increasing resilience against mental illness&§ p5. How- logical treatments for severe conditions (e.g., CBT-based treatment

ever, well-being is a rather broad concept that captures physical, for depressions)25 58. By deploying in-vehicle interventions,
mental, and social stated§. Hence, in the context of mental health, ~We evaluate a potentially highly scalable approach that a broad
researchers commonly focus on the more speci ¢ concept of af- population might be able to integrate easily in their daily lives.
fective well-being [, 17]. A ective well-being refers to individual
experiences ?n everyday Ii_fe through the frequency anel intensity of 2 3 |n-\ehicle Interventions in Literature and
various emotions such as joy, anger, or a ectioh 6§. Itis usually Practice
measured by asking people to assess the extent to which they have
experienced di erent a ective states over a speci ¢ period of time.  AS of today, a ective health in the human-computer interaction
Common methods of measurement are two- or three-dimensional €ommunity has a strong focus on sensing aspects, whereas interven-
models, which allow the representation of emotions in a multidi- tion studies are still scarcebfg. Although vehicle-related research
mensional space [13]. on this matter is in its infancy, there are already a few intervention
Empirical research commonly builds upon Russel's circumplex studies that focus on well-being of drivers. Previous in-vehicle in-
model 54, which measures a ective well-being by using two di- tervention literature proposes to re-use existing comfort features
mensions, i.e., arousal and valence. The former indicates the degree N the car to improve passengers’ well-being. The car, for example,
of activation in relation to how tired or energized someone is and ~¢an adapt interior ambient lighting, modify navigation routes (i.e.,
the latter measures the degree of happiness. The combination of avoid high tra c routes) or regulate air-conditioning [33].
arousal and valence allows to describe more complex emotions  Recently, speech-based interventions gained major interest in
such as excitement (i.e., high arousal and high valence) or being the realm of driving. Speci cally, the content and communication
upset (i.e., high arousal and low valence). This rather simple model between a voice assistant and the driver has been analyzed. A voice
0 ers two advantages. First, the measurement is comparable e ort- aSSistant can help to cope with frustrating tra ¢ situations by
less and cross-culturally applicable since standardized measures asCca@lmly reassessing situations rather than highlighting misbehav-
the Self-Assessment Manikins exigt. Second, arousal and va- ior [29. Furthermore, a personal voice assistant can be adjusted
lence can serve as general proxy measures, e.g., for emotidghs [ to the driver's personality and the current driving context, which
stress B9 50, and even depressiorbf. Therefore, throughout might change the driver's perception of the assistant to be trustwor-
this work, we leverage arousal and valence to understand people's thy and pleasant (e.g., extroverted people tend to prefer a friend-like

well-being and the impact of our in-vehicle interventions. tone in the assistant's voice)Lfl]. In addition, novel voice interac-
tions could pave the way for in-vehicle productivity tasks. Recent

20 | . f | Ith research examined the creation of PowerPoint slides while driv-
) ntervemlons or Mental Health & ing [46 and the retrieval of document information based on speech
Well-Being alone [63. Finally, existing literature also investigated the develop-
The eld of psychotherapy deals with the prevention and treatment  ment and testing of in-vehicle voice interactions. Martelaro et al.
of mental health disorders. Cognitive Behavioural Therapies (CBT) developed a system that allows researchers to constantly observe
are perceived to be the current gold standard in psychotherapy and a driver using video and audio streams from inside the car, and to
serve as guidelines for many psychotherapeutic methadt; 34. communicate with the driver by using a Wizard of Oz-based voice
Psychotherapists use CBT either for prevention or treatment to agent [45].
challenge and change people's mindset by making them aware of ~ Another related research stream is geared towards guided breath-
their emotions and supporting them in their emotion regulatioB]|[ ing. Guided breathing exercises were developed and validated in a
Most CBT-based treatments consist of several weekly sessions. In series of subsequent studies for drivers to better cope with stress
each session, psychotherapists work with clients to carry out var- while driving [4, 51, 57. In simulator studies, the researchers rst
ious exercises or treatments such as psychoeducation, cognitive identi ed possible in-vehicle interventions before designing and

restructuring, or behavior-change methods, B(. More recently, validating various breathing exercise patternsl] 52. Hereby, a
CBT-based exercises or treatments have been expanded by meditahaptic vibrotactile seat cover guided the breathing of drivers to
tions and an increased focus on emotions [30]. reduce their stress. These studies demonstrate the positive e ects

These exercises and treatments have primarily been developed of these intervention on physiological and psychological stress in a
for mentally ill people. However, some of them are designed so that real car on a dedicated test track][ Other studies assessed rather
they can also be performed by healthy people for prevention pur- subtle well-being interventions for the car based on scents. In a set
poses. This applies for example to mindfulness meditation for stress of laboratory studies, researchers identi ed that pleasant scents

reduction 2§ or listening to mood-lifting music 3. However, can calm down drivers21 and might be e ective in helping angry
these treatments still require intensive individual supervision by  drivers to relax.
psychotherapistsZ7. Researchers in the elds of psychotherapy The well-being of drivers has also attracted interest in the in-

and Human-Computer Interaction (HCI) are already investigating dustry. At least two major car manufacturers introduced the idea
scalable and cost-e ective measures for the prevention and treat- of in-vehicle interventions to improve well-being. In 2016, Audi
ment of mental disorders, for example with smartphone apps, but presented the Audi Fit Driver concept, which should adapt the
the reach of these measures is yet limite®) 9. Popular examples vehicle to the driver by interventions based on wearable sensor
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