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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

Empirical evidence strongly suggests that well-being is a crucial
factor in increasing resilience against mental illnesses [18, 55]. How-
ever, well-being is a rather broad concept that captures physical,
mental, and social states [19]. Hence, in the context of mental health,
researchers commonly focus on the more specific concept of af-
fective well-being [1, 17]. Affective well-being refers to individual
experiences in everyday life through the frequency and intensity of
various emotions such as joy, anger, or affection [17, 68]. It is usually
measured by asking people to assess the extent to which they have
experienced different affective states over a specific period of time.
Common methods of measurement are two- or three-dimensional
models, which allow the representation of emotions in a multidi-
mensional space [13].

Empirical research commonly builds upon Russel’s circumplex
model [54], which measures affective well-being by using two di-
mensions, i.e., arousal and valence. The former indicates the degree
of activation in relation to how tired or energized someone is and
the latter measures the degree of happiness. The combination of
arousal and valence allows to describe more complex emotions
such as excitement (i.e., high arousal and high valence) or being
upset (i.e., high arousal and low valence). This rather simple model
offers two advantages. First, the measurement is comparable effort-
less and cross-culturally applicable since standardized measures as
the Self-Assessment Manikins exist [10]. Second, arousal and va-
lence can serve as general proxy measures, e.g., for emotions [10],
stress [39, 50], and even depression [53]. Therefore, throughout
this work, we leverage arousal and valence to understand people’s
well-being and the impact of our in-vehicle interventions.

2.2 Interventions for Mental Health &
Well-Being

The field of psychotherapy deals with the prevention and treatment
of mental health disorders. Cognitive Behavioural Therapies (CBT)
are perceived to be the current gold standard in psychotherapy and
serve as guidelines for many psychotherapeutic methods [16, 30].
Psychotherapists use CBT either for prevention or treatment to
challenge and change people’s mindset by making them aware of
their emotions and supporting them in their emotion regulation [5].
Most CBT-based treatments consist of several weekly sessions. In
each session, psychotherapists work with clients to carry out var-
ious exercises or treatments such as psychoeducation, cognitive
restructuring, or behavior-change methods [5, 30]. More recently,
CBT-based exercises or treatments have been expanded by medita-
tions and an increased focus on emotions [30].

These exercises and treatments have primarily been developed
for mentally ill people. However, some of them are designed so that
they can also be performed by healthy people for prevention pur-
poses. This applies for example to mindfulness meditation for stress
reduction [28] or listening to mood-lifting music [43]. However,
these treatments still require intensive individual supervision by
psychotherapists [27]. Researchers in the fields of psychotherapy
and Human-Computer Interaction (HCI) are already investigating
scalable and cost-effective measures for the prevention and treat-
ment of mental disorders, for example with smartphone apps, but
the reach of these measures is yet limited [8, 69]. Popular examples
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include chatbots that can help with everyday situations such as de-
and reattachment from work [71], or deliver established psycho-
logical treatments for severe conditions (e.g., CBT-based treatment
for depressions) [25, 58]. By deploying in-vehicle interventions,
we evaluate a potentially highly scalable approach that a broad
population might be able to integrate easily in their daily lives.

2.3 In-Vehicle Interventions in Literature and
Practice

As of today, affective health in the human-computer interaction
community has a strong focus on sensing aspects, whereas interven-
tion studies are still scarce [56]. Although vehicle-related research
on this matter is in its infancy, there are already a few intervention
studies that focus on well-being of drivers. Previous in-vehicle in-
tervention literature proposes to re-use existing comfort features
in the car to improve passengers’ well-being. The car, for example,
can adapt interior ambient lighting, modify navigation routes (i.e.,
avoid high traffic routes) or regulate air-conditioning [33].

Recently, speech-based interventions gained major interest in
the realm of driving. Specifically, the content and communication
between a voice assistant and the driver has been analyzed. A voice
assistant can help to cope with frustrating traffic situations by
calmly reassessing situations rather than highlighting misbehav-
ior [29]. Furthermore, a personal voice assistant can be adjusted
to the driver’s personality and the current driving context, which
might change the driver’s perception of the assistant to be trustwor-
thy and pleasant (e.g., extroverted people tend to prefer a friend-like
tone in the assistant’s voice) [11]. In addition, novel voice interac-
tions could pave the way for in-vehicle productivity tasks. Recent
research examined the creation of PowerPoint slides while driv-
ing [46] and the retrieval of document information based on speech
alone [63]. Finally, existing literature also investigated the develop-
ment and testing of in-vehicle voice interactions. Martelaro et al.
developed a system that allows researchers to constantly observe
a driver using video and audio streams from inside the car, and to
communicate with the driver by using a Wizard of Oz-based voice
agent [45].

Another related research stream is geared towards guided breath-
ing. Guided breathing exercises were developed and validated in a
series of subsequent studies for drivers to better cope with stress
while driving [4, 51, 52]. In simulator studies, the researchers first
identified possible in-vehicle interventions before designing and
validating various breathing exercise patterns [51, 52]. Hereby, a
haptic vibrotactile seat cover guided the breathing of drivers to
reduce their stress. These studies demonstrate the positive effects
of these intervention on physiological and psychological stress in a
real car on a dedicated test track [4]. Other studies assessed rather
subtle well-being interventions for the car based on scents. In a set
of laboratory studies, researchers identified that pleasant scents
can calm down drivers [21] and might be effective in helping angry
drivers to relax.

The well-being of drivers has also attracted interest in the in-
dustry. At least two major car manufacturers introduced the idea
of in-vehicle interventions to improve well-being. In 2016, Audi
presented the “Audi Fit Driver” concept, which should adapt the
vehicle to the driver by interventions based on wearable sensor
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data [2]. Mercedes already launched a very similar solution called
“ENERGIZING® in 2018. Vehicles that are shipped with this op-
tional feature package can conduct interventions and e.g., adjust
the air-conditioning, start massage seat programs, or change the
ambient lighting. These interventions are initialized by a combina-
tion of consumer smartwatch data and the car [15]. Unfortunately,
these manufacturers have not yet published any results of their
interventions.

Summing up, existing research in the field of in-vehicle inter-
ventions is gaining momentum, but is still in its infancy. Existing
studies have been conducted in highly-controlled environments
and most interventions have been tested in driving simulators. The
few existing interventions involving actual driving were confined
to trips on predefined test tracks or short trips in real traffic. Hence,
real-world driving studies covering longer time periods are still
missing.

3 INTERVENTION DESIGN

For our study design, we drew upon the experience and knowl-
edge of our interdisciplinary research team consisting of computer
scientists, psychologists, and driving safety experts. The team iter-
atively discussed several intervention ideas that originated from
established psychotherapeutic exercises. In that process, the team
defined arousal and valence of drivers as primary dependent vari-
ables to evaluate the positive impact of the interventions. In the end,
it was decided to implement two different interventions available
to each participant (within-subject), so that enough repetitions by
each driver were possible to study longitudinal effects and to assess
their experiences for two separate interventions. In order to deliver
the interventions during the study, we developed an Android-based
smartphone app, which is depicted in Figure 2. In each car, we
deployed a smartphone that was running our app right next to the
infotainment screen and connected it to the vehicle’s multimedia
system. This setup is visualized in Figure 1.

3.1 General Design Principles

To ensure the safety of the study participants and consider compli-
ance with traffic regulations, the intervention development process
followed three main paradigms. First and foremost, we always in-
cluded a short audio-based warning message at the beginning of
each intervention to remind drivers to use the system only in situa-
tions (i.e., environment and cognitive state) that do not compromise
driver safety. Second, we put drivers in control throughout every
intervention. Hence, the participants had to start the intervention
by themselves and could stop a running intervention at any mo-
ment. Third, we focused on audio-based interventions. Audio-based
interventions do not require drivers to read texts or watch videos
that could distract their attention from the road. In order to real-
ize a high-quality audio experience, we hired a professional radio
announcer to record all audio parts.

3.2 Mindfulness Intervention

Recently, mindfulness exercises have attracted attention beyond
psychotherapy because empirical evidence suggests that they have
beneficial impact on both, mentally ill and healthy people [28, 65].
However, the use of existing mindfulness exercises in the car might
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Figure 2: In-vehicle study smartphone app (screens trans-
lated). (a) Pre- and post-driving questionnaire (Affective
Slider); (b) intervention controls; (c) recording screen for
the immediate impact voice questionnaire after an interven-
tion.

be problematic, as most exercises are practiced in forms of a medi-
tation. They build upon closed eyes and silence to experience the
two core concepts of mindfulness, i.e., conscious attention on the
present and non-judgemental self-perception [3, 36]. Obviously,
carrying out such meditations while driving might be dangerous.
However, there are also passive concepts of mindfulness [31, 37].
These exercises guide listeners to focus on the present and conduct
ongoing activities in a more mindful way (e.g., climbing stairs, cook-
ing, or showering). Hence, our first intervention is geared towards
driving as a passive mindfulness exercise.

When the mindfulness intervention was played for the first time,
it started with instructions on the mindfulness procedure in order
to achieve greater acceptance among individuals who were not
familiar with the concept. All subsequent interventions directly
started with the exercise, which consisted of a sequence of two
types of content sections. Environment-centric sections supported
the concentration on the surroundings of the car and the current
driving task. Self-centric sections helped drivers to reflect their
feelings and emotions. Table 1 exemplifies both elements. Each
section consisted of three to six text passages that were separated
by longer pauses. In line with existing mindfulness exercises, these
pauses lasted around 20 seconds and the narration had a slow
rhythm of speech. The intervention started off with an environment-
centric section, followed by a self-centric section. Both concepts
were repeated once again before a last environment-centric section
concluded the exercise. In total, the intervention lasted about 14
minutes. As existing research suggests that mindfulness exercises
need to be repeated several times to unfold their impact [36], we
have decided to introduce a single exercise that does not change
throughout the study.

3.3 Music Intervention

The music intervention aims to recall positive memories by playing
songs that the participants associate with pleasant moments in
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Table 1: Examples for both mindfulness content blocks
(translated).
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Table 2: Sample excerpt of a playlist for the music interven-
tion by one participant (translated).

Section Text passage

Memory Connected song Artist

“What are the other cars nearby doing?
Do not judge the driving behaviour of

Environment-centric the others, just acknowledge it. Do they
drive faster than allowed? Do they seem
stressed or concentrated?” [...]

“What do you notice the most right
now? Give this aspect your full atten-
tion and consider it like a scientist. Let
yourself be guided by the sentence: "Ex-
citing, what does this do to me?” [...]

Self-centric

“Memories of swinging Total Eclipse of Bonnie Tyler
with my sister in the Heart

grandma’s garden”

“The song of my fiance Don’t Stop Believing Journey
and me”

“In a nutshell, my teen Cry for More Die Happy
times with my best

friends”

their lives and that they selected once at the beginning of the study.
While music in general has proven to be effective in psychotherapy
research [42], more recently, this approach has been justified on the
basis of convincing anecdotal evidence in psychotherapeutic prac-
tice [6]. The underlying idea is that certain songs help individuals
to recall beneficial autobiographical memories that improve valence
but also, to a lesser extent, states of arousal [35]. While music itself
has effects on affective states (e.g., by speed, volume, rhythm, or
other structural elements) [43, 59], the music intervention builds in
particular on the effect of recalling positive memories. As more than
90% of car drivers listen to music while driving [61], we conjectured
that music is a natural choice for in-vehicle interventions.

Prior to the study, each participant had to create a list of at least
ten positive memories. For each memory they had to name a song
that they associated with the memory. The result of this process
was a personalized playlist with a minimum of ten songs. The aver-
age playlist created by the participants comprised 15.6 songs. An
excerpt of a participant’s playlist is exemplified in Table 2. The
music intervention started with a short instruction inviting the
driver to enjoy the personal music and to recall past memories.
The instruction was general, no explicit links were made to spe-
cific memories. After the instruction, the intervention immediately
started by playing a random song of the personal playlist. During
the playback, participants could pause, cancel or skip songs. The
intervention terminated once the total playing time exceeded a
minimum of nine minutes and the current song ended. On average,
this setup resulted in three songs played.

3.4 Hypotheses

Complementary to existing research, we are particularly interested
in effects of in-vehicle interventions in real-world driving condi-
tions over a longer period of time. Based on existing literature, we
developed six hypotheses that guide our analyses of the immediate
and the post-driving intervention effects of our in-vehicle inter-
ventions on public roads. Thereby, each hypothesis is examined
for each of the two intervention types. To analyze the immediate
impact on affect of our in-vehicle interventions, we build upon five
hypotheses that assess longitudinal impact as well as the influence
of specific variables that have known effects on people’s well-being

(e.g., daytime, day of the week, or the affective state at the beginning
of a trip).

H1: Both interventions improve the immediate affective state. De-
pending on their structure and content, mindfulness exercises
are able to improve arousal and valence [9, 34]. Our developed
exercise aims to achieve this by helping drivers to focus their
attention on the present and by helping them to understand
their emotions [34]. Recalling positive emotions on the ba-
sis of music, on the other hand, can induce a broad range of
emotions [66]. In the realm of our dependent variables, we
expect an arousal and valence improvement that is in line with
existing research [35, 59].

H2: Repetitions of the mindfulness intervention increase the immedi-
ate impact on affect (H2a), whereas repetitions of the music inter-
vention decrease the immediate impact on affect (H2b). Several
repetitions of the mindfulness exercise are needed to unfold
their positive effects [9, 34, 37]. By contrast, existing literature
suggests that the repeated consumption of (the same, similar)
music is associated with a depletion of the stimulus in the long
run [14, 57]. In other words, certain songs captivate listeners
and delight them until they have heard the song too many
times [44, 57].

H3: Both interventions yield stronger improvements in the evening.
People normally exhibit lower affective states in the evening
hours, which is known as “daily tiredness” in psychology [23,
47]. Research suggests that such states indicate a situation of
“vulnerability” and hence, an intervention completed at that
time should prove to be more effective, as there is a larger
margin of improvement [49].

H4: Both interventions yield stronger improvements on the weekend.
Research implies that people tend to have less on their mind on
weekends and weekends are vital to recover from the stress of
the week [26]. Therefore, we hypothesize that the participants
can benefit more from the interventions during the weekend.

H5: Both interventions yield stronger improvements if drivers are in
a low pre-driving state. If drivers enter the car in low affective
states, they are in a state of high “vulnerability” and therefore,
an intervention should prove particular effective, as there is
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Table 3: Description of study cohort.

n Age Gender Residence Driving per Driving days Distance to Driving
(years) week (km) per week work (km) experience

(years)

10 M=37.2 Female=4 Urban=3 M =327.0 M=6.38 M =226 M =20.2

SD=84 Male=6 Rural = 7 SD =103.4 SD =0.4 SD=7.0 SD = 8.1

min = 26 min = 100 min = 6 min = 14 min = 9

max = 55 max = 500 max =7 max = 35 max = 38

more potential for improvement [49]. More specifically, if a dri-
ver enters the car in a low arousal (valence) state, interventions
should have a distinct impact on arousal (valence).

Regarding longer-lasting effects of our in-vehicle interventions,
we concentrate on a single hypothesis to inspect the post-driving
impact on affect. Affective changes are known to be transient and
less persistent, i.e., people tend to return to their baseline state
rather quickly. Against this backdrop, inducing longer-lasting ef-
fects would be a major step forward towards sustainable mental
health interventions [12]. In essence, we hypothesize that the post-
driving affective state is dependent on the immediate improvement
resulting from the intervention:

H6: Drivers who perceived a large immediate impact of the interven-
tion, have a higher affective post-driving state. Existing research
indicates that interventions with strong immediate effects can
have longer-lasting effects on well-being, specifically if the
interventions are recurring [48].

4 FIELD STUDY

In the following section, we describe our IRB-approved study setup
that was deployed in order to evaluate our interventions in the wild
over a two-month period (September to November 2019).

4.1 Participants

In the recruitment process, we targeted a sample of ten ordinary,
healthy daily commuters. We published our call for participation in
the social network of a large German company with several offices
in urban and rural areas. In total, 54 people responded to this call
and filled out a questionnaire about their driving habits. On the
basis of their responses, we carefully weighed gender, age, family
situation, leisure activities, and driving habits to ensure that our
sample comprises a broad spectrum of daily commuters (purposive
sampling). Furthermore, the safety of drivers and others on the
road was paramount, consequently we only selected participants
with long-term driving experience (on average 20.2 years).

All ten participants selected and contacted (four female, six male)
agreed to participate in the study. Their age ranged from 26 to
55 years, with a mean of 37.2 (SD=38.4) years. Two participants
lived alone, eight were in a relationship or married, and three had
children. Seven of the participants stated that they like to drive or
do not mind driving, at least as long as the road is not busy. The
others, however, perceive driving rather as a cumbersome burden.

The participants indicated daily commuting as the main reason
for owning a car. In addition, they used their car for leisure activities

such as visiting friends or family, regular grocery shopping, or to
bring their children to school. All participants lived in or near (i.e.,
max. 1 hour’s drive away from) Stuttgart, Germany. Table 3 provides
descriptive statistics of the sample and their commuting patterns.
Overall, we consider our sample to comprise a broad spectrum of
fairly typical commuters and thus we assume a comparatively high
external validity despite the small sample size.

4.2 Procedure and Data Collection

Figure 3 illustrates the procedure of a typical trip (including an
intervention) in our study. We tested this procedure prior to the
study with two volunteers (not involved in the study) during their
daily commutes. While their overall feedback was positive, we
adjusted minor issues based on their feedback (e.g., shortening
the audio announcements or handling incoming voice calls on the
private phones of the driver during intervention playback). In the
following, the procedure and in particular the data collection will
be explained in more detail.

4.2.1 Pre- and Post-Driving Affective State. Before and after each
trip, the participants assessed their current affective state by com-
pleting the Affective Slider [7] on our smartphone-based study
app. The Affective Slider is an empirically validated instrument
for measuring arousal and valence, similar to the Self-Assessment
Manikin [10]. However, it is adapted to modern user interfaces
and devices like smartphones. When using the Affective Slider, the
participants rate their perceived state of arousal and valence on
two continuous scales from 0 (very low) to 100 (very high). The
response before the trip represents the pre-driving or baseline affec-
tive state, while the response after the trip reflects the post-driving
state. Figure 2(a) visualizes the questionnaire.

4.2.2 Intervention. Directly after the driver completed the pre-
driving affective state self-report, the smartphone app would open
the intervention screen. The smartphone app would present a play
button (as shown in Figure 2(b)). The drivers only found out which
type of intervention (mindfulness or music) would be played after
they start the intervention. An intervention starts with a click on
play at any time during the trip. To ensure driving safety at all times,
drivers could always pause or cancel an ongoing intervention while
driving by using the control buttons shown in Figure 1.

4.2.3 Immediate Impact on Affect. To obtain timely feedback on
the immediate impact of the interventions, our app started a simple
voice-based questionnaire right after the participant had completed
an intervention. The study app automatically played the two-item
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End driving

4 5 6
Conducting Voice answer of immediate
impact questionnaire

(only if completed)

Complete post-
driving affect

questionnaire

intervention

Driving

After driving

Figure 3: Study procedure for each trip (screens translated).

questionnaire and recorded the participant’s answers. The two ques-
tions are geared at arousal and valence based on the Client Oriented
Scale of Improvement (COSI) [20]. More specifically, our app asked
the following two questions (translated from German): “After the
intervention, do you feel more aroused (respectively happier) than
before?” The participants could indicate their answers on a Likert
scale from 0 (“no improvement at all”) to 4 (“very strong improve-
ment”). Before the start of the study, the participants received a
briefing on the meaning and procedure of this questionnaire in
order to guarantee a safe questioning and to clarify possible ambi-
guities. In summary, the questionnaire allowed us to quantify the
immediate impact on affect for the participants after an interven-
tion. The recording is depicted in Figure 2(c).

5 ANALYSIS AND RESULTS

In this section, we present the analysis of our hypotheses and a brief
summary of the participants’ experiences with the interventions.

5.1 Quantitative Analysis and Results

For the quantitative analysis, we first provide a short description
of the methods used and data collected. We then analyze the mind-
fulness intervention before focusing on the music intervention. For
each intervention, we initially conduct a descriptive data analy-
sis a) to explore the characteristics of the data and b) to identify
high-level longitudinal trends that affect all participants alike. More
specifically, the analysis assesses the immediate intervention im-
pact over the study duration, the days of the week, and the times of
the day. To rigorously disentangle within and in-between subject
effects, our consecutive analysis comprises several mixed-effects
models that allow us to investigate our hypotheses in detail. We in-
clude the drivers as random effects and the remaining independent
variables as fixed effects in our models. In calculating the p-value
of the fixed-effects, we apply Satterthwaite’s degrees of freedom
method [40].

To examine H1, we analyze the immediate impact of the inter-
vention on arousal and valence. These two dependent variables,
together with our two interventions (i.e., mindfulness and music),
result in four basic models. Next, we extend these basic models by
gradually adding independent variables based on our subsequent
hypotheses. Apart from the intervention type, the independent

3001 294

200 1

Amount

119 125
1001 .

Figure 4: Trip characteristics. (a) Histogram of trips by trip
length intervals, aggregated over all participants; (b) GPS
heatmap visualizing the geographic driving area of a typi-
cal study participant.
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Figure 5: Immediate impact of the mindfulness intervention on arousal (upper row) and valence (lower row). The graphs show
the loess-smoothed mean value and the 5 to 95 percentiles for n=138 completed mindfulness interventions. (a) shows the
effects over the study duration; (b) shows the effects over the weekdays; and, (c) shows the effects over daytime.

variables include the number of interventions (repetitions) normal-
ized by the natural logarithm function! (to evaluate H2); evening
(8 pm to midnight) or before (H3); workday or weekend (H4); and
a driver’s baseline state before driving (H5). Therefore, for each
basic model, we have calculated five specifications. By gradually
increasing the complexity of the models we follow a simple proce-
dure to evaluate the robustness and stability of the effects. Finally,
we evaluate whether the immediate effect of the intervention has
an impact on the post-driving state (H6). To that end, we calculate
additional mixed-effects models that investigate if the post-driving
follows the rationale of “pre-driving state + immediate intervention
improvement = post-driving state”.

5.1.1 Descriptive Results. During the two months of the study,
the drivers had 684 trips with interventions on which they started
460 interventions. Ultimately, the participants successfully com-
pleted 313 of these interventions resulting in an average of 31.3
(SD 9.42) completed interventions per driver, with a minimum and
maximum of 17 and 49, respectively. In total, 138 mindfulness and
175 music interventions have been completed. The average trip
lasted 36.1 minutes (SD 21.8 minutes). Participants on average initi-
ated the intervention 2.6 minutes (SD 7.1 minutes) after the start
of their trip. The remaining driving time after the intervention
was on average 20.5 minutes (SD 19.9 minutes). These numbers
illustrate two important facts: a) on average, the participants had
enough time to complete the interventions and b) our data include
uninstructed real-world trips (trip duration varies considerably).
Figure 4(a) shows the difference in trip duration throughout the

! The natural logarithm is applied because we assume non-linear effects.

study, while Figure 4(b) indicates that the trips of a typical driver
covered more than the daily commute.

5.1.2  Mindfulness. As a first step in our data analysis, we visualize
the immediate impact of the mindfulness intervention on affect (0
= “no improvement at all” to 4 = “very strong improvement”) for
an initial visual impression. Figure 5 depicts trends of the immedi-
ate intervention impact across all participants in increasing time
granularity (a: over the entire study, b: by weekday, and c: over
the course of the day). While the smoothed mean ratings of the
participants (from 0 (“no improvement at all”) to 4 (“very strong
improvement”)) range from 0.5 to 2, in most cases, they remain
close to 1. In general, the mindfulness intervention had a slightly
higher immediate impact on arousal than on valence. In Figure 5(a),
the immediate intervention impact for arousal and valance first
decreases over time until it reaches a maximum after approximately
20 days into the study before it declines again and ends roughly
at the initial level, hence indicating a slight negative trend after
25 days. Figure 5(b) shows that the immediate impact of the inter-
vention on arousal and on valence is rather stable over the course
of the week, with a minor arousal low in the middle of the week.
Figure 5(c) illustrates an increase in the impact of the mindfulness
intervention on both arousal and valence over the course of the
day, with an intermediate spike in the morning hours, when people
most likely commuted to work.

Next, we investigate whether these visual trends of the immedi-
ate impact on affect can be validated on the basis of our hypotheses
H1 - H5. The results of the mixed-effect models are summarized in
Table 4. All models have an intercept significantly different from
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Table 4: Statistical results. Immediate intervention impact on arousal and valence; significance levels are indicated as **: p<0.01,

*: p<0.05, and *: p<0.1

Immediate impact on affect of interventions

Immediate impact on Arousal

Immediate impact on Valence

Model (1) 2) 3)

4) ©) 1) @) ) 4) )

% HI: Impact 1.01" 142" 139"
E H2: Repetitions -24™ -247
& H3: Evening vs. other 31
E H4: Weekend vs. other
S Hb5: Baseline state

H1: Impact 2,33 2.38" 236"
9 H2:Repetitions -.02 -.02
Z H3: Evening vs. other 17
= H4: Weekend vs. other

Hb5: Baseline state

139 1.19* 92" 1.23* 1.18" 1.16"™ 1.15"
=247 224 -18*  -170 -18°  -.18F
31 31 .55% .54* .54*
.06 .06 .23 .23

0 0

2.29" 275" 3.04™  2.89" 286" 283" 2.62"
-.01 0 .76 .09 .09 .09
.27 .26 .35 .39 .38
334 35" .16 14
-.01 0

0 (i.e., immediate intervention impact “no improvement at all”).
The first two models reveal a significant immediate impact of the
mindfulness intervention both on arousal (p = 0.004, b = 1.01) and
valence (p = 0.025, b = 0.92). Hence, the results imply that the
mindfulness intervention has an immediate impact on the affect
of drivers and thus support H1. The mixed-effect models also con-
firm the negative trend over time visible in Figure 5(a). The first
models of arousal and valence that include the repetition variable
reveal a negative significant coefficient for both arousal (p = 0.003,
b = —-0.24) and valence (p = 0.041, b = —0.18). Consequently,
we reject H2a; in fact, the effect goes in the opposite direction,
indicating a diminishing immediate impact of the mindfulness in-
tervention on affect with more repetitions. Figure 5(c) reveals that
in the evening hours, the mindfulness intervention is significantly
more effective than over the rest of the day. However, this effect
is limited to valence (p = 0.050, b = 0.55). In contrast, the effect
on arousal is non-significant. We therefore find limited support
for H3. Similar to the descriptive results visualized in Figure 5(b),
the mixed-effects models show no significant difference between
weekdays and weekend (H4). In addition, we find no evidence that
the pre-driving affective state has a significant influence on the
drivers’ perceived immediate impact on affect and thus reject H5.
To understand the persistence of the impact of the mindfulness
intervention, we analyze how the post-driving state depends on
the pre-driving (baseline) state and the improvement induced by
the intervention (immediate impact). The analysis shows a signif-
icant positive influence of the immediate impact on post-driving
valence (p = 0.015,b = 2.86). Thus, the higher the participants
perceived their valence improvement directly after the interven-
tion, the higher their post-driving valence state. While the point
estimate for the immediate impact on arousal is positive (b = 1.66),
the result is not significant. Based on these results, we see partial
support for H6. The results also stress the importance of including
the baseline state in the model. The baseline state before driving
has a significant influence on the respective state after driving (in
both cases, p < 0.001 and point estimates ranging from 0.43 to

Table 5: Statistical results. Effects of interventions on
arousal and valence post-driving affective state; significance
levels are indicated as **: p<0.01, *: p<0.05, and *: p<0.1

Impact on post-driving state of interventions

Mindfulness Music
Arousal Valence Arousal Valence
Constant 28.92** 36.80"* 33.93** 31.78**
Baseline state .54* 43 .50** 49**
H6: Immediate impact 1.66 2.86" .55 1.78"

0.54). In other words, the higher the driver’s pre-driving arousal
(valence), the higher the driver’s post-driving arousal (valence).

For the music intervention, we perform the same steps of analy-
sis as for the mindfulness intervention. Figure 6 provides a visual
impression of the immediate impact of the music intervention on
affect, as perceived by the participants. Compared to the mindful
intervention, the immediate impact ratings are considerably higher,
with values ranging between 2 and 3.5 (compared to 0.5 to 2). Over
the entire study (Figure 6(a)), the intervention exhibits a positive
time trend both for arousal and valence. With respect to the de-
velopment over the week, Figure 6(b) suggests a small increase
towards the weekend. Regarding daytime, Figure 6(c) indicates an
increase towards the end of the day.

To investigate the immediate impact of the music intervention
thoroughly, we evaluate multiple model specifications. As Table 4
shows, the results indicate a significant immediate impact both on
arousal and valence in all model specifications. The first arousal
model (i.e., main effect alone) has an intercept of 2.33, which re-
flects a medium impact on affect (impact was measured on a scale
between 0 and 4). The first valence model even has the intercept at
3.04, reflecting a strong immediate improvement of valence. Given
these results, we fail to reject HI and thus conclude that the music
intervention improves immediate arousal and valence of drivers.
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Figure 6: Immediate impact of the music intervention on arousal (upper row) and valence (lower row). The graphs show the
loess-smoothed mean value and the 5 to 95 percentiles for n=175 completed music interventions. (a) effects over the study

time; (b) effects over the weekdays; and, (c) effects over the day.

Although the visual trends in Figure 6(a) is suggestive of increasing
intervention effects over time, we do not find significant effects
in our regression analysis to support H2b. Likewise, contrary to
the visual impression in Figure 6(c), the mixed models do not re-
veal significantly stronger effects in evening hours (H3). However,
we find stronger immediate effects of the music intervention on
weekends for arousal (p = 0.052, b = 0.33). Although the valence
model has no significant effect, the coefficient (b = 0.16) indicates
a potential positive effect. The plots in Figure 6(b) are in line with
these findings. Hence, we find evidence for H4 regarding arousal.
Similar to the mindfulness intervention, the immediate impact of
the music intervention does not correlate with pre-driving (base-
line) affect. Hence, we find no support for H5 and thus no evidence
for the assumption that a lower pre-driving state results in a larger
immediate impact of the intervention.

With respect to the effects of the music intervention on the
post-driving state, the results in Table 5 reveal similar patterns as
for the mindfulness intervention. Concerning valence, the music
intervention’s immediate impact has a positive and significant effect
on the post-driving state (p = 0.077, b = 1.78). For arousal, the
corresponding coefficient is insignificant, but points in the positive
direction (b = 0.55). Hence, we find partial support for the impact
of the the music intervention on the post-driving state (H6). In
addition, the results confirm the significant positive effect of the
baseline (pre-driving) state on the post-driving state, in line with
the results for the mindfulness intervention.

5.2 Qualitative Analysis and Results

At the end of the study, we conducted semi-structured interviews
of approximately one hour with each of the ten participants to
better understand the interventions and their effects. We recorded
the interviews and transcribed them for our analysis. This section
outlines the main insights for the two interventions.

5.2.1 Mindfulness Intervention. The interviews reveal an ambiva-
lent perception of the mindfulness intervention, especially in the
car. Either people experience it as helpful or not.

Perceived Effects. In total, four participants were positive towards
the exercise (P-2, P-5, P-9, and P-10), independent of prior expe-
rience. These participants perceived the intended benefits of the

»

exercise (e.g., “a helicopter perspective on the situation”, “reflect more
about myself”, “how do I react to situations”, “better manage the rude
behavior of other traffic participants”). As a consequence, they felt
the support given by our intervention to be “centered and calm”
and “to feel better”. These statements support H1. In contrast, the
remaining six participants struggled with the mindfulness exercise
in the car. Both P-6 and P-7, with previous mindfulness experi-
ence, share the opinion that other places such as “a chair, a sofa or
even in bed” or “after a yoga workout” are more appropriate. The
other participants were simply “not convinced of the concept” and
therefore did not perceived it as helpful. Although four participants
had a positive mindset towards the exercise, they agreed that “it
was very repetitive and therefore the effect has decreased over time”,
which is in contrast to H2a. In fact, after several runs, all partic-
ipants shared a similar experience about the missing variance of

» o«

the mindfulness intervention (e.g., “always the same text”, “got a
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little bit on my nerves because it was the same thing over and over”).
Lastly, all participants mentioned the length of the mindfulness
exercise, especially in the case of shorter trips. They would have
favored a shorter version.

Distraction and Safety. During the interviews, the drivers rated
the intervention’s distraction from driving on a scale from 1 = “not
at all” to 5 = “very much”, which yielded an average rating of 2.1
(SD=1.5). The average is rather low, however the standard deviation
indicates different perceptions. The participants reported that their
concentration and thus the effectiveness of the interventions de-
pends on the traffic. While they drove on straight streets or with less
traffic (e.g., motorway), they “could concentrate well on the exercise”.
They “had to concentrate more on the traffic” in situations that re-
quire frequent driver interactions, e.g., in city traffic. In this context,
two potential safety risks appeared. Four participants mentioned
that it was sometimes too demanding to listen to the exercise in
addition to the driving task. In all these cases they just concentrated
on the street and simply ignored the intervention. However, two
participants felt “extremely distracted at times”. Three participants
claimed that the exercise “was rather lulling to sleep”. Two of them
named drowsiness a common problem they experience while driv-
ing. In contrast, P-2, who perceived himself as an “aggressive driver”,
reported a beneficial effect. Because of our intervention, he felt that
he was driving more calmly.

Future Use. The four participants sharing a positive attitude
about the exercise declared that they would continue to carry out
the intervention, but they mentioned a strong need for more varia-
tion. One participant “would rather do it on demand and when the
car is stationary”. The remaining participants are unlikely to do so
because they do not believe in mindfulness exercises.

5.2.2  Music Intervention. Seven out of ten participants preferred
the music intervention to the mindfulness intervention. Nine partic-
ipants were convinced that the music intervention often improved
their well-being. The only exception is P-8, who struggled with the
music intervention. By the time he had created his personal playlist,
he admitted that he “hardly ever associated his positive memories
with music” and that he is generally “not a music type”.

Perceived Effects. In addition to the effects of the music alone,
eight participants mentioned that recalling their emotions positively
influenced their perception (e.g., “The positive feelings associated
with the music were enjoyable.”, ‘I was happier”, “Memories came
up again and again and that always put you in a good mood.”) be-
cause the intervention “always played [their] favorite music”. These
results support that the music intervention improved the affect
(H1I). The participants mostly reported on stable effects of the music
interventions over time that are opposed to our initial expectations
(H2b). A majority perceived “the same [effects] most of the time”.
However, three participants experienced decreasing effects or at
least minor effects towards the end. They would have “liked to add
and to remove certain songs after some time” to keep the playlist
enjoyable.

Distraction and Safety. Participants rated the intervention’s dis-
traction from driving (1 = “not at all” to 5 = “very much”) as very
low. They evaluated the question with an average rating of 1.3
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(SD=0.5). The participants could easily drive and experience the
intervention at the same time. They attribute it to the possibility to
quickly change their attention between the music and back to the
street (e.g., “it’s just that sometimes you don’t have to listen”).

Future Use. Nine of ten participants would keep using the in-
tervention in their car. The participants perceived the music in-
tervention as positive “because it is was [their] playlist” and they
felt “self-controlled and not controlled by others”. In addition, they
preferred the easy accessibility of their favourite songs to the some-
times cumbersome playback over their telephone or the absence of
the songs on the radio (e.g., “just a single button and not 5 clicks”,
“[the songs] are often not on the radio”). Their enthusiasm went so
far that four participants already made suggestions on how such a
system could be implemented in the car (e.g., “The car should learn
my favorite songs based on what I listen to.”, “I recommend a direct
connection between Spotify and the intervention.”).

6 DISCUSSION AND FUTURE WORK

This article presents the first real-world driving study on in-vehicle
interventions for mental health and well-being for daily commuters.
In this section, we discuss our findings and derive design recom-
mendations that both researchers and industry can use as a starting
point for developing future in-vehicle interventions.

6.1 Impact of In-Vehicle Interventions

The primary aim of our study was to understand if, when and,
how in-vehicle well-being interventions have an impact on daily
drivers. We have developed two interventions adapted to the in-
vehicle context and used an in-situ feedback tool to investigate
their fundamental mechanisms and drivers’ interactions with them
in the real world. Our study provides empirical evidence that in-
vehicle interventions have the potential to improve the well-being
of everyday commuters. Our quantitative analysis reveals positive
effects both for the music and mindfulness intervention. However,
as the results of the qualitative analysis in particular reveal, the
two interventions differ in their impact and assessment by the
participants, hence a more nuanced interpretation is necessary.
Thereby, we can derive general guidelines for the effective design
of in-vehicle well-being interventions. In addition, we are able to
share our experience in conducting longitudinal studies of open
road driving.

6.1.1  General Impact of In-Vehicle Interventions. Based on the re-
sults of our quantitative analysis, both interventions improve the
affect of drivers (H1) and therefore their well-being. Notably, the
interventions even indicate positive effects on the post-driving state
of drivers (H6). While the effects of the mindfulness intervention
declined over the course of the study, the effects of the music inter-
vention were stable. Based on these results, we provide real-world
evidence that in-vehicle interventions embedded in a necessary
daily task can indeed increase individuals’ well-being. However,
we also find that well-proven psychotherapeutic measures such
as the mindfulness exercise need to be adapted to the specific re-
quirements of in-vehicle environments. Bringing mental health
and well-being interventions into the car is thus much more than
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simply “moving” established best practice approaches into a new
environment.

6.1.2  Mindfulness Intervention. Our findings suggest a significant
impact of the mindfulness exercise on affect. However, we believe
that the potential of in-vehicle mindfulness interventions is larger
than our quantitative results suggest. The qualitative results re-
vealed that four of the ten participants adopted the mindfulness
intervention and considered it as helpful. In contrast, the other
participants named two common barriers for a successful adoption.
Drivers must be able a) to handle the cognitive load of a mindful-
ness intervention while driving and b) to relate to the concept of
mindfulness. In order to keep the cognitive load of the mindfulness
intervention low, several design opportunities should be consid-
ered. For example, the overall intervention can be shortened and
the pauses within the intervention can be extended. In essence, a
very diligent and careful design seems to be necessary to deliver an
effective mindfulness intervention with an appropriate cognitive
load in the in-vehicle environment. Further, people must be open
to the concept of mindfulness to experience benefits. Additional
explanations illustrating the purpose and effect of such exercises
might potentially help to increase acceptance. Another important
concern that all participants named was the lack of variety. Al-
ready after a few number of interventions, participants perceived
the exercise as monotonous and boring. While existing literature
indicates that several repetitions of the same mindfulness exercise
will improve its effects (e.g., [36]), our findings stress the need for
change. Summing up, we strongly believe mindfulness exercises
can be an effective instrument in the car. We have just inspected
one particular mindfulness exercise that already had a significant
positive immediate impact and the results even indicate a positive
post-driving impact. While mindfulness exercises in the in-vehicle
environment may not be a suitable instrument for everyone, we
still conjecture that there is a target group that can benefit from
such interventions.

6.1.3  Music Intervention. Our results clearly demonstrate the
power of emotional music interventions that are delivered in the
vehicle for mental health and well-being. Nine out of the ten drivers
stated they had a positive experience with the intervention. Only
one study participant reported that he had difficulties in linking
positive emotional memories with music, and thus expressed a more
negative opinion. The participants attributed their positive expe-
riences with the music intervention to two factors: emotions and
accessibility. The connection to emotions helped them to choose
very personal songs tied to positive memories and the intervention
offered them a very convenient way to access this personalized mu-
sic selection. Notably, the music intervention had a stable impact on
affect over the total study duration of two months. Hence, we were
not able to confirm an inverse U-shaped intervention effect over
time as described in prior research [14]. However, our intervention
period was limited to two months and deteriorating effects could
materialise later. Besides, the intervention varied substantially with
at least ten different songs for each participant. The participants
who reported decreasing effects attributed this mostly to their lim-
ited choice of songs. To keep the music intervention effective for
even longer periods, participants should be able to update their

Kevin Koch, Verena Tiefenbeck, Shu Liu, Thomas Berger, Elgar Fleisch, and Felix Wortmann

playlists. At the same time, our results suggest that there is no
strong need for very frequent updating.

6.1.4 Timing of In-Vehicle Interventions. Existing empirical evi-
dence has led us to hypothesize that there are different points in
time when the impact of interventions is particularly large [49].
Identifying and leveraging such favorable moments is an important
part of intervention delivery [41]. Our statistical analysis suggests
evenings (H3) and weekends (H4) to be particularly promising. In
the evening, we observed higher effects, particularly for the mind-
fulness exercise. The music intervention achieved a higher impact
on weekend days than weekdays. We conjecture that the type of the
intervention plays a role in the time-related effects. For instance,
most people have more free time on weekends and therefore they
have less on their mind in comparison to a weekday [32]. Hence,
they might be more relaxed and better able to recall positive emo-
tions on the basis of the music intervention. However, we see the
necessity for future research to shed light on the interaction be-
tween intervention type and delivery time. Although we provide
first actionable insights when to deliver interventions (i.e., in the
evening and on weekends), future research should also reflect on
“state of receptivity” and “state of vulnerability” [49], i.e., to under-
stand whether in-vehicle intervention impact is achieved because
the driver is more receptive (e.g., time available for intervention)
or because there is a larger need for treatment.

6.1.5 Distraction and Safety. In-vehicle interventions can only be
applied if they do not compromise driving safety. On average, our
participants rated the distraction caused by the interventions as low
or very low. While there were absolutely no safety concerns with
the music intervention, two potential issues were named for the
mindfulness exercise. First, six of the ten participants indicated cog-
nitive overload, i.e., combining mindfulness practice with driving
exceeds existing mental capabilities. We believe that for the active
participation in the exercise a better understanding of the driving
context is required. More specifically, less demanding situations,
e.g., clear road conditions with low traffic density, are promising
situations for the intervention, which is is in line with existing
literature (e.g., [60]). Second, three participants indicated that the
mindfulness practice might intensify drowsiness while driving.
Therefore, intervention delivery should consider situational and
driver-specific factors.

6.1.6  Design Recommendations. Based on the findings of this study,
other researchers or practitioners might consider the following de-
sign recommendations for future in-vehicle interventions. First, we
recommend investigating variations of interventions. On the basis
of our participants’ experiences, we are able to derive explicit de-
sign considerations. For example, if we consider mindfulness, we
can imagine changing the following parameters of the exercise:
Content, length, use of pauses, rhythm of speech or the gender
of the narrator. Our results indicate that a certain level of novelty
and variation are vital for longevity, frequent use, and acceptance.
Second, we believe that it is necessary to design a set of different
intervention types from which drivers can choose. We implemented
two distinct interventions that significantly increase drivers’ well-
being and learned that drivers perceived them quite differently.
While most drivers enjoyed the music intervention, participants
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found the mindfulness exercise only helpful in specific situations.
In-vehicle interventions might reach a broader spectrum of users
when addressing specific needs. While some drivers may need as-
sistance in overcoming drowsiness, others may want to relax more
in order to drive less aggressively. In this context, an important
lesson from our study is that the simple transfer of established
well-being concepts to the car is not enough. Instead, careful adap-
tation of proven means is necessary. Finally, context-aware systems
tailored to the driver and road conditions would ensure that the
most effective intervention is delivered at the right time, under safe
conditions, and adapted if necessary. Examples include an arousing
intervention in case of driver drowsiness or the suppression or can-
cellation of demanding intervention in stressful driving situations.
We provide first evidence for the power of context-aware systems
and identify evenings and weekends as rather promising times for
interventions.

6.1.7 Longitudinal On-Road Studies. Open road driving studies
are challenging, and previous work has not tested in-vehicle well-
being interventions in a field study over several months for good
reasons (e.g., due to the high safety requirements and substantial
costs involved). However, we strongly believe that studying the
basic effects and mechanisms in a real environment (rather than
in a simulator or a controlled environment) is critical to achieve
progress towards real-world applications. Therefore, we share our
experiences and best practices to pave the way for HCI researchers
to conduct similar longitudinal studies on open roads:

e Safety first. In our case, there was little knowledge about in-
vehicle interventions in unrestricted situations. As a consequence,
we gave drivers full control over the interventions (start, stop,
pause) as they can decide best when they are appropriate or not.
Moreover, in light of driver safety, we focused on fundamental
interactions. In the future, more sophisticated and powerful in-
teraction strategies should be explored. However, they always
have to be assessed in the light of driver safety first.
Keep the system simple and robust. We identified the core interac-
tions that we wanted to investigate and assured that they were
rigorously tested and error-free. During the study, we could only
have fixed errors remotely as the drivers lived across a large area.
Even remote fixes can have a substantial effect on the overall
study and should be avoided if possible.
o Leverage existing vehicle interfaces. Vehicle manufacturers pre-
vent access to their in-vehicle software systems, which discour-
ages many researchers. Our approach shows that no modification
of any car software is needed. We simply used a smartphone with
an app connected to the infotainment system via a well-defined
interface (Bluetooth) to introduce our in-vehicle interventions.
Test the interventions under real-world conditions. We learned that
testing our setup at the desk or in a stationary vehicle alone is
not enough. The perception of interventions is fundamentally
different in real traffic situations. Hence, we had two drivers test
our study setup for several days before we actually started the
study. The problems discovered and solved in this pilot phase
gave us confidence that the study could run over a longer period
of time.
o Use in-situ voice feedback while driving. Asking drivers and record-
ing their answers is a convenient and safe way to understand
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their current perceptions and intentions. We have collected feed-
back on drivers’ emotional states, but a voice assistant-based
questionnaire could also cover a much broader range of aspects
including driver distraction or workload.

o Monitor the data collection. Because we had no physical access
to the cars throughout the study, we had routines in place to
monitor the data collection. More specifically, we implemented a
24/7 dashboard to visualize our data collection in real-time. This
helped us tremendously to identify errors early on.

6.2 Limitations

Despite our best efforts, this study has several limitations. First, the
designed interventions largely differ in their concepts and are con-
ducted in real-world traffic, a very complex environment. Hence,
results may be subject to a combination of several observed and
unobserved factors, which future studies need to disentangle. Sec-
ond, given the cost associated with the prototypical setup, we had
to limit our sample size to ten drivers. At the same time, the study
is the first of its kind on the road covering a longer period of time.
Therefore, it complements prior research in controlled settings and
thus represents a starting point for empirical research on in-vehicle
interventions under realistic conditions. Third, we used question-
naires and interviews to evaluate the perceived impact of our in-
terventions in the vehicle. While we believe that our results are
already very comprehensive, future studies may consider further
measurements such as heart rate to provide additional insights on
subtle changes that may complement the drivers’ subjective ratings.
Fourth, our study was conducted prior to the Corona outbreak.
Although the post-pandemic world will be different, we believe
that the car will retain its relevance. Presence during the pandemic
was required in many occupations and will be required again in
many others. With the upcoming vaccination routines, commuting
will normalize, albeit perhaps at a lower level. Finally, while the
opinions and statements of the participants are promising, they are
no safety experts. Before the mass roll-out of an intervention is
considered for application in a future car generation, more rigor-
ous safety inspections (i.e., lane keeping tests or gaze tracking) are
highly recommended.

7 CONCLUSION

The aim of this study was to support ordinary everyday commuters
by improving their mental health and well-being through the use
of established psychotherapy concepts during their commutes. In
particular, it was not at all clear whether existing well-being inter-
ventions could be successfully transferred to the car. More specifi-
cally, prior work has not tested in-vehicle well-being interventions
in a real-life field study over multiple months for good reasons. It
is high-risk research (general challenge to find significant effects in
the field) associated with substantial costs (costs of renting a fleet of
identical cars to provide a homogeneous intervention setting). To
that end, we conducted the first longitudinal in-vehicle intervention
study on public roads. During a period of two months, ten drivers
were randomly exposed to two different in-vehicle interventions,
a mindfulness exercise and an emotional music experience. More
specifically, we sought to determine to which extent interventions
in the vehicle have a) an immediate impact on drivers’ affect and
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b) an impact on drivers’ post-driving affect. We explored affect as
the dependent variable, as past research has identified affect as a
cornerstone of well-being and mental health.

Our results show that (1) both tailored in-vehicle interventions
(2) significantly increase drivers’ well-being (3) over an extended
time period (4) without compromising drivers’ safety. Furthermore,
our analyses of the timing (daytime and weekday of delivery) and
context (repetition and pre-intervention driver state) provide a con-
crete and actionable foundation (5) when to interact with drivers
allowing for more advanced strategies with a higher degree of user
interaction. Moreover, we derive general guidelines (6) for the effec-
tive design of such interventions and implications for future HCI
research. Prior work suggests that the mindfulness intervention
(“gold standard” in psychotherapy) should outperform the music
intervention, particularly over time. Our work reveals the oppo-
site. Hence, we deduct actionable implications for the design of
in-vehicle interventions. Finally, the methodology of our study can
serve as a blueprint for future driving studies to capture driver
interactions in unconstrained environments. We provide specific
recommendations on how to conduct in-vehicle measurements and
open road experiments over a longer period of time.

In summary, we conclude that in-vehicle interventions are indeed
promising tools for improving mental health and well-being among
ordinary daily commuters. On the basis of two exemplary types
of interventions, our results illustrate the challenges of bringing
helpful interventions into the car, while at the same time providing
specific insights that research and industry can use for further
developing in-vehicle interventions.
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