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ABSTRACT
Empathic vehicles are expected to improve user experience in automated vehicles and to help increase user acceptance of technology.
However, little is known about potential real-world implementations and designs using empathic interfaces in vehicles with higher
levels of automation. Given advances in affect detection and emotion mitigation, we conducted two workshops (N1 =24, N2 = 22,
Ntotal = 46) on the design of empathic vehicles and their potential
utility in a variety of applications. This paper recapitulates key opportunities in the design and application of empathetic interfaces
in automated vehicles which emerged from the two workshops
hosted at the ACM AutoUI conferences.
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INTRODUCTION

Advances in automation technology are facilitating the design of
automated vehicles, removing many of the technological barriers
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to the development of fully automated vehicles. Nevertheless, the
adoption of increasingly automated vehicles depends on user acceptance of the technology. Improving user experience has been
demonstrated to increase user acceptance of automated technologies. As user acceptance of automated vehicles can depend on both
the objective assessment of the technology’s reliability [1] and
the subjective opinion [2], the integration of emotional components with the traditional design principles has been suggested as
a pathway to increase user acceptance of automated technology
[3]. Thus, designing empathic vehicles which can determine and
react to the emotional state of vehicle occupants has become an
important research topic amongst automotive experts in academia
and industry.
Empathic vehicles have been explored as part of broader investigations on the impact of driver emotions on driving performance.
Past research has found that negative emotions can have a detrimental effect on driver attention and performance [4-6]. Drivers’
anger and road rage have been extensively explored for their effects
on decision-making behavior [7], as well as their effect on takeover
performance in automated vehicles [8]. Researchers also found that
drivers’ angry state was a significant predictor of risky driving
behavior [5]. A general overview of the influence of different emotions on driving has also further confirmed the effect of emotions
on driving performance and driver behavior [3].
Emotion detection and mitigation techniques have emerged as
ways to detect changes in user emotions and partially address
these variations in user state. Either non-invasive (facial expression
analysis, speech analysis) [7, 9, 10], or invasive methods have been
explored for emotion detection (fNIRS, EEG, fEMG) [11, 12]. As for
emotion mitigation, multiple intervention methods exist, including
but not limited to the use of music and speech [12, 13] in reducing
the effects of anger and boredom on driving performance. Emotion
mitigation approaches have thus focused on providing appropriate
countermeasures to emotional states that can induce detrimental
effects on the driving experience.
Differences in age, culture or mental faculties between different population groups [3, 14, 15] have been speculated to harm
the effectiveness of empathic vehicle displays. An inclusive design
approach has been suggested as a way to account for differences
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in user state anxiety [16], and familiarity and acceptance of automation technology [17]. Additionally, the increased adoption of
vehicles with higher levels of automation could allow non-drivers
to be the primary users of vehicles in some cases [18], such as
children or individuals with disabilities that bar them from manual
driving. In such cases, a flexible in-vehicle system that is able to
provide user-specific information to maintain trust and clarity in
the driving automation performance is required to be considered a
viable mobility option.
To improve the design of future in-vehicle systems, we conducted
two workshops that aimed to bring together researchers and practitioners interested in empathic interfaces and automated driving
as a forum for the discussion on empathic vehicles and their use
cases. To achieve this, both workshops utilized group work among
automotive experts interested in affective computing principles and
sparked discussions with the aim to identify potential research and
knowledge gaps. During the workshops, we sought to expand the
common understanding of empathic vehicle displays and generate
new research directions in the field.
In the first iteration of the workshop [19], workshop participants
discussed the importance of empathic vehicle displays and emotion
detection technologies. Workshop participants also identified important emotional states and emotion detection techniques relevant
to the future of automated driving. Although drivers were expected
to be relegated to mere passengers, empathic vehicle displays were
posited to become relevant mediums for improving user experience
and driving performance. As such, different use cases were created
in a rapid prototyping session. Moreover, important challenges at
the time included evaluating empathic vehicle displays for vulnerable populations, a discussion point brought up at the end of the
workshop.
In the second iteration of the workshop [20], we sought to address the challenges identified in the previous workshop by exploring use cases from the perspective of different user groups. Two
short sessions of the online workshop were conducted in separate
time zones due to the COVID pandemic. Experts from different
regions developed use cases through insight combinations. Results
from these workshop sessions identified differences in the implementation of empathic interfaces for vulnerable target groups and
provided greater insight on expert perspectives on the use of empathic interfaces.

2

WORKSHOPS

Experts in the automotive field were gathered and discussed empathic vehicles in two separate workshops held at the AutoUI conference. In total, 46 experts volunteered to participate in the workshops.

2.1

Emotional GaRage Vol. I

Twenty-four experts participated in the first workshop held in
conjunction with the AutoUI 2018 Conference [19]. The outline of
the workshop was based on the 4mat System (Why, What, How
and What if) [21], with the workshop being divided into four parts.
The workshop lasted four hours and started with an introduction session that consisted of introducing workshop organizers, as
well as completing a small icebreaker exercise. Each participant
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Table 1: Nationality of workshop participants, workshop II
Nationality

Frequency

Germany
USA, India
China
France
United Kingdom, Spain, Korea, Iran

5
4
3
2
1

was given a card that specified an emotion e.g., “Joy, Sadness, Insecurity, Embarrassment, and Anger” and a channel of expression,
e.g., “Acoustic, Facial Expression, Gesture, and Drawing”, and were
instructed to keep its content a secret. Next, the participant went
up to another attendee and expressed their emotion through the
channel specified. If the other participant was able to guess the
emotion, the guesser got a point.
Next, participants and workshop organizers spent 30 minutes in
groups of six and did an exercise intended at recalling significant
emotions experienced while driving. Each person in the group
was asked to put the emotion on one post-it and the situation
that inspired the emotion on a second post-it (as seen in Fig. 1).
Participants then speculated on the future of driving, in whichever
level of autonomy [22] they wanted to envision. Emotions that
would be relevant in future driving situations were also discussed, as
well as the technological advances that would enable new emotional
experiences.
After two keynote sessions from workshop organizers that lasted
45 minutes in total, participants discussed common measurement
methods and tools for emotion detection and emotion mitigation.
These techniques were identified as countermeasures for one or two
emotions previously mentioned in the prior brainstorming session.
Additionally, rapid prototyping of the combined discussion points
was conducted to design use cases for empathic vehicle displays.
Finally, all workshop participants discussed future research directions and application scenarios. Groups of five individuals made
short videos explaining the importance of the topic and what was
achieved through the workshop.

2.2

Emotional GaRage Vol. II

We conducted two one-hour workshop sessions with experts from
different regions during the virtual conference of AutoUI 2020 [20].
The workshop aimed to develop use cases that can suit different
user groups. The perspective of experts from different regions was
sought, as cultural differences could play a part in empathic vehicle
design [15]. As such, the two workshop sessions were designed to
recruit experts from different regions and time zones, with participants providing demographic information. Experts hailed from a
variety of countries (as seen in Table I), with 17 participants belonging to academia and five industry experts, for a total of 22
participants.
The workshop consisted of short discussions and an insight combination activity [15]. After a short introduction and presentation
of the previous workshop by the organizers, workshop participants
presented themselves in order (around 30 seconds per participant).
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Figure 1: Participants discussing emotional experiences in current and future driving experiences after presenting post-it
notes.
Table 2: Emotional states discussed during the first workshop
Emotion

Frequency

Stress, Frustration
Joy, Peacefulness
Fear, Trust, Relief
Wonder, Rage, Curiosity, Excitement, Indifference, Nostalgia, Relaxation, Surprise

4
3
2
1

Participants were then grouped into three teams by workshop
organizers. To structure a compact online workshop, we adopted
the method of insight combination [15] to quickly generate initial
solution ideas and empathic vehicle use cases. Teams were separated into online breakout rooms on Zoom and generated use cases
through the Miro whiteboard online tool. With this tool, participants could generate ideas for empathic vehicle interfaces, and were
presented with potential in-car emotion sets on yellow cards, e.g.,
“road rage”, and some methods of emotion detection and regulation
in blue cards, e.g., “speech analysis” or “the use of music” (as seen
in Fig. 2). Both sets of yellow and blue cards were also provided
earlier to participants as insight and review material before the
workshop. During the workshop, each of the three teams generated
use cases in multiple rounds by combining notes for user groups,
in-car emotions, and detection and mitigation techniques. Then,
every group recorded on green cards potential concepts and use
case descriptions for the set of notes gathered (as seen in Figure 2).
Each team presented the use case concepts they created in the
insight combination activity. Then, the workshop organizers concluded the session with closing remarks. An additional survey was
conducted at the end to determine interest in the subject and potential feedback for future workshops on empathic vehicle interfaces.

3 RESULTS
3.1 Emotions in automated vehicles
During both workshops, a variety of emotional states and situations
were envisioned to be important for the future of driving. For the
future emotional driving states and use cases developed in the first

Figure 2: Use case example created during the second workshop, with sticky notes describing the user group (purple),
emotion (yellow), emotion detection technique (blue), and
general use case description (green).
workshop, 28 emotions (including overlap) were discussed, with
12 positive emotions, 12 negative emotions, as well as four neutral
emotional states. Recurring emotions included stress, frustration,
joy, and peacefulness (as seen in Table II).
Experts highlighted negative emotions could emerge from
driving-related situations in automated driving that included loss
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Table 3: Emotional states discussed during the second workshop
Emotion

Frequency

Stress
Rage
Confusion
Boredom, Excitement, Fear, Joy, Sadness

6
5
2
1

Table 4: User groups associated with use cases generated through both workshop sessions
Workshop session

User groups

Emotion GaRage Vol. I
Emotion GaRage Vol. II

General users (3), children (1)
Older users (4), children (3), Individuals with traumatic brain injuries (2), Individuals
with unspecified disabilities (1), Teenagers (1), Blind (1), and Deaf (1) people

of control, technical failure, mistrust/insecurity about the functionality of the automation, being late, and sudden take-over requests. Means to detect these emotions comprise some invasive
methods (electrocardiogram, skin conductance) and less invasive
measurements (facial expression and gesture recognition by camera,
microphone, heart rate watch).
For the second workshop, 18 emotional states were considered
by participants within the context of the use cases generated. Out
of the 18 emotions, 16 emotions were negative in valence, whereas
there were only two positive emotions associated with use cases
created. Stress was a recurring emotion again, whereas rage was
also a prominent emotional state evaluated (as seen in Table III).
Excitement and joy were the only two positive emotions recorded.
Feelings of confusion were associated with the operation of the
automated vehicle, whereas rage and stress were associated with
traffic behavior (being followed by another vehicle, traffic issues)
or general user state. Similar emotion detection techniques were
mentioned, with a focus on non-invasive methods (heart rate watch,
camera, facial expression).

3.2

Use cases

Use cases developed for empathic vehicles and displays differed
based on the emotion addressed, the emotion detection and mitigation techniques used, and the target user groups identified for each
case. Use cases were extracted from the rapid prototyping session
in the first workshop and the insight combination activity in the
second workshop. Use cases could be grouped into three different target groups (as seen in Table IV): general users, age-defined
groups, and vulnerable users.
3.2.1 For general users. Empathic vehicle use cases for general
users focused on negative emotions felt during the driving task
and represented the most common demographic group in the first
edition of the workshop (with three prototypes accounting for that
group of users).
In one use case, speech recognition was used to detect anger in
users and adapt the speech style of the in-vehicle voice assistant to
a more pleasing tone. Surrounding traffic state was used to calculate

the stress level of drivers and employ the car assistant to announce
a meeting delay.
One group from the second workshop identified confusion and
fear as emotional states that could be associated with driving assistance system errors. They suggested the use of facial EMG, speech
recognition, and cameras to compare emotional states before and
after the detected error (false positive obstacle recognition) and
convey to users that the error was identified and logged in to reinforce trust in the system’s self-analysis ability. Finally, the use
of cabin color, smell, games, and music were suggested to mitigate
negative emotions in automated vehicles.
3.2.2 For different age groups. Children and seniors were the most
frequently discussed age groups (with four use cases discussing
each group), followed by teenagers (one use case). One group considered using speech recognition to identify anger and fights to
break out between children, employing physical separators within
the vehicle to interrupt conflict. One group considered helping
children experiencing stress in the car, detected through a vehicle
toy equipped with a heartbeat sensor, by incorporating a massage
or cooling function. For automated car takeovers, using soothing
sounds and music was suggested to manage overexcitement. Finally,
a group suggested the use of body position to detect boredom in
children, providing location information on nearby landmarks.
For teenagers, empathic in-vehicle displays were envisioned
to provide audio-driven breathing exercises and explanations to
mitigate road rage.
Groups that designed empathic vehicles for senior users focused
on negative emotional states. Stress felt during automated driving
was a prominent issue, which can be solved by virtual assistants or
adapting vehicle speed and external vehicle displays when followed
too closely. Confusion with the operation of the vehicle, detected
with an eye-tracker, was proposed to be solved by using dynamic
lights to indicate useful controls to the user. One design group also
suggested changing vehicle temperature to reduce road rage.
3.2.3 For vulnerable users. Calming scents (such as ones used in
Dmitrenko et al. [23]), visuals, and displaying images of loved ones
were suggested as ways to reduce stress and anxiety (detected by
wearable devices; heart rate sensors and facial electromyogram)
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for deaf users, individuals with traumatic brain injuries, and other
individuals with other disabilities. Road rage, detected from user
gestures identified by a camera, was mitigated for individuals with
traumatic brain injuries with a medication dispenser and a dynamic
robot companion who could hug the user.

4

DISCUSSION

We organized two workshops on the design of empathic vehicle
interfaces. While differences existed in the aim, direction, and organization of the different workshop sessions, recurrent themes can
be identified in terms of relevant emotional states and potential
empathic interface configurations.
Workshop participants identified a wide range of emotions to
be relevant to empathic vehicle displays and automated driving.
These emotional states are mostly the same as the set of critical
emotions identified in the manual driving context [24]. In general,
experts considered positive emotions to be linked to increased trust
in the automated driving system, and subsequently acceptance of
automation. On the other hand, negative emotions were linked to
system mistrust, with both results largely aligning with previous
research on the effect of user emotions on trust [3, 13, 25-27].
In both workshops, experts highlighted the importance of detecting and mitigating negative emotions with empathic vehicle
interfaces. While the first workshop had an even mix of positive
and negative emotions mentioned, experts in the second workshop
developed most use cases with the aim to address negative emotions in automated driving. This can be attributed to the effect of
negative emotions on trust [28], in addition to the specific effect
stress and anxiety has on trust in automation and driving perception [4, 26]. This result further reinforces the notion that the design
of empathic vehicle interfaces should prioritize the mitigation of
negative emotions in driving to help facilitate user acceptance and
trust of automated systems [1, 2, 25, 29].
This focus was also relevant to age-defined user groups described
for empathic vehicle interfaces. Use cases for older drivers were
also aimed at mitigating negative emotional experiences that are
expected to occur for them in driving due to increased anxiety and
decreased driving skills [4, 14, 30]. For children, workshop participants determined that empathic interfaces should mitigate conflict
situations in vehicles, with other states being related to positive
and neutral emotional states, such as boredom and excitement [6].
These considerations can be interpreted as ways that empathic
vehicles can help fulfill user requirements from a parent’s perspective when allowing children in fully automated vehicles without
supervision [18] and, in a broader sense, mitigating worries and
negative emotions from both parents and children.
While stress, fear, and confusion were emotional states shared
between individuals with and without disabilities, workshop participants highlighted that mitigation and regulation would take
different shape for individuals with disabilities. Mitigating confusion for blind and visually impaired individuals was envisioned
to not only use an appropriate auditory modality but also provide
additional feedback when compared to other users to provide as
much situation awareness to the user as that attained by other
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users. Employing an inclusive design approach would not only fulfill personal user requirements [18] but also provide a better user
experience for all users [31, 32].
Emotion detection techniques explored for empathic vehicles included both non-invasive devices (such as smart-watches or camera
footage analysis) and invasive equipment. Invasive equipment, such
as brain imaging devices, has been successfully used in the past to
determine user emotions and driving behavior [33, 34]. Workshop
results indicate non-invasive techniques would be used more often,
such as video analysis and facial emotion detection, as they have
shown promise in detecting facial expressions for both adults and
children [35]. These methods were recommended by experts to
be implemented through multimodal approaches. The attending
experts furthermore concluded that personalization could critically
improve the successful recognition of users’ emotions.
As for emotion mitigation techniques, workshop participants
advocated for the use of multimodal approaches and varied techniques depending on the emotion detected and user characteristics.
Multimodal displays and the use of music have been successful in
past in-vehicle applications to increase safety and situation awareness [36, 37]. The present findings indicate their importance in
empathic vehicle interfaces and aligns well with past research on
the beneficial influence of music on emotions while driving [12].
Participants from different regions participated in the second
workshop, which was aimed at developing use cases for different
target groups and identifying cultural differences. While workshop
participants generated many use cases for vulnerable and other
target groups, no use case was created for a specific culture. This
might be explained in part by the short nature of the workshop and
the small number of participants. Additionally, cultural factors are
suggested to influence user priorities and values [15, 38], mainly
affecting user response to the different empathic vehicle use cases
[39]. This effect would require more informed modifications to the
use case implementation, which we were unable to investigate in
this short workshop.
Other challenges exist in the design of empathic vehicles and
implementation approaches. Privacy is a concern of users helping
differentiate user perceptions of automated technologies between
older and younger drivers [40], as some vehicle users might negatively view these systems and only enable partial emotional display
configurations. Mistrust in the driving system could also be generated from cybersecurity threats affecting the envisioned empathic
connected vehicles [18]. Also, ride-sharing is expected to constitute
a growing part of traffic [41], which could alter the types and nature
of emotions felt while riding an empathic vehicle.
Workshop results indicate the importance of using different mitigation strategies to transition user state and maintain it. How
efficiently empathic vehicles will be able to shift users away from
negative states and maintain it will be a key goal and concern in the
future. Further investigation of these challenges and research questions must be conducted to expand the range of possibilities with
empathic in-vehicle interfaces. Nevertheless, empathic vehicles
show potential in significantly aiding the acceptance of automated
vehicle technology and improving safety.
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5

CONCLUSION

Through conducting two workshops on empathic vehicle design
and use case ideation with automotive experts, we were able to
determine several key areas for the design of these vehicles. Results
suggest emotion mitigation techniques should be adapted to the
unique characteristics of unrepresented user groups such as vulnerable drivers, drivers from different cultural backgrounds, and
other drivers as identified in the workshops. Additionally, experts
highlighted the initial focus of empathic interfaces on mitigating
negative emotional states to improve user acceptance of automated
vehicle technologies. In this paper we provided expert-supported
empathic interface use cases that were to be implemented and evaluated would advance the user acceptance of vehicle automation.
We encourage the CHI affective computing community to use the
learnings and discussions presented in this paper as a foundation
for the advance of empathic automotive user interfaces because the
importance of emphatic vehicle design is rapidly increasing and
represents a major research direction in automated technology.
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