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In this paper we present use cases for affective user interfaces (UIs) in cars and how they are perceived by potential users in China
and Germany. Emotion-aware interaction is enabled by the improvement of ubiquitous sensing methods and provides potential
benefits for both traffic safety and personal well-being. To promote the adoption of affective interaction at an international scale, we
developed 20 mobile in-car use cases through an inter-cultural design approach and evaluated them with 65 drivers in Germany and
China. Our data shows perceived benefits in specific areas of pragmatic quality as well as cultural differences, especially for socially
interactive use cases. We also discuss general implications for future affective automotive UI. Our results provide a perspective on
cultural peculiarities and a concrete starting point for practitioners and researchers working on emotion-aware interfaces.
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1 INTRODUCTION

Recent advances in machine learning and ubiquitous sensing technologies have spawned a trend to enhance interaction
with empathic features. Especially designers of natural user interfaces, such as voice assistants, are starting to integrate
user state detection to make their interfaces appear more human. One of the main lines of research working on
automatic state recognition is Affective Computing. Its main goal is to “sense, interpret, adapt, and potentially respond
appropriately to human emotions” [32], and this is usually realized by analyzing psycho-physiological features, speech,
or facial expressions [48]. In addition, researchers in the automotive field have put their hopes in using affective systems
to increase traffic safety, for example by preventing negative emotional states, which are statistically correlated with
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Fig. 1. Drivers experienced 20 a�ective features implemented using camera-based facial expression analysis in in-car and mobile
prototypes.

unsafe driving behavior [23]. One viable technique that has been shown to regulate driver emotions is empathic voice

interaction [6], providing another incentive for the design of naturalistic UIs.

While the ultimate goal of many a�ective systems is to understand users' emotions in order to perfectly tailor user

interfaces to their expectations and needs, we recognize the potential of initially creating more basic use cases of

emotional interaction, in order to establish a raison d'être and trust in the technology in the minds of customers. Only

when a signi�cant number of pioneers can be convinced of the bene�ts of a�ective systems, we can justify the e�orts

to launch emotion detection systems into the mainstream and so pave the way for more sophisticated systems in order

to explore more wide-ranging research questions. This challenge is made more di�cult by the global segmentation of

the car market, which forces manufacturers to stay �exible for the requirements of culturally divergent regions.

The use cases we present are designed to convince early adopters around the globe of the bene�ts of emotion-related

interaction, which includes but is not limited to emotion-aware features. We want to spur UI designers from all

disciplines to direct their e�orts towards enabling a�ective systems, and keep cultural diversity in mind. Consequently,

the use cases we present are derived and tested with users from two traditionally disparate cultures. We apply the ideas

to the context of automotive UI for users from the currently globally largest car market of East Asia [46] and a classical

car nation in Europe, by comparing feedback of Chinese and German users.

1.1 Contribution

We designed and implemented 20 use cases for emotion detection in the car, which we evaluated with 65 drivers in

China and Germany. Users prefer a�ective approaches to enhance pragmatic features and proactive interaction fueled

by emotion detection. Findings are condensed into implications for future a�ective automotive user interfaces, regarding

data privacy, cultural, and social responsiveness, and a re�ection on how to make a�ective UIs accessible to the public.

2 RELATED WORK

For this work, two areas of research are important: Emotion detection algorithms and applications of a�ective user

interfaces form the technological basis for our research. In addition, we rely on the work of social scientists, who have



set a foundation for understanding cultural backgrounds and how they evolve along with digitization and we focus on

the automotive domain as exemplary application area.

2.1 A�ective Automotive User Interfaces

Emotions have long been known to a�ect human behavior in general, which speci�cally also impacts road safety.

Manifestations of both negative and positive emotional states, such as happiness and anger, have been found to degrade

driving performance [23]. One possible way of counteracting emotion-related hazardous situations are a�ective user

interfaces, which sense the driver's state and intervene when possibly dangerous behavior is detected. A �rst concept

for this strategy was presented by Nasoz et al. in 2002 [35]. Since then, many concepts explored emotion-based in-car

UIs to improve the drivers' emotions, mostly in the name of safety but also to improve the hedonic and pragmatic

factors of user experience (UX). Ideas range from micro-entertainments during breaks, e.g., at stop lights, to refocus the

driver's attention towards the road [1] to empathic speech assistants, downplaying the mistakes of other drivers in

order to avoid agitation over tra�c [36]. Harris & Nass found that a voice assistant which reframes frustrating events so

that drivers see them in a more positive light can indeed lead to better driving behavior and less negative emotions [14].

With technical advancements, more and more elaborate emotionally sentient digital assistants will become feasi-

ble [32]. Other applications of a�ective in-car UIs have been realized by giving direct feedback to the driver regarding

their current state, so they can re�ect and adapt if necessary [4, 44]; by actively in�uencing the driver, e.g., through

music playback [13], and, more subliminally, through ambient lighting [16]; or by enhancing the driving experience

in an emotional way, e.g., with emotional interaction in a feedback channel among nearby cars [45]. Coughlin et al.

envision an aware car which detects the driver's state from psycho-physiological data and in�uences them to stay in an

optimum driving state [10]. The Yerkes-Dodson Law serves as psychological ground work for their concept, which

states that an optimum in performance is usually achieved at a medium level of arousal [49]. Braun & Alt extend the

short-term reactiveness of this approach with a model that includes temporary states and permanent traits such as

personality, driving experience and cultural a�liation [3].

Emotion detection algorithms, based on EEG, GSR, ECG, respiration, body posture, facial expressions, or speech are

presented in related literature. For the use in automotive environments, camera-based facial expression analysis has

been established as a minimium viable sensor setup due to its non-contact application and low intrusiveness [48]. While

research on the sensing of a�ective states is well advanced, applications from the literature often rely on imaginary

systems providing highly sophisticated context information and naturalistic output modalities realizable only in labs.

We agree that such futuristic concepts are important for the vision of a�ective UIs, but they also create a feasibility gap

which complicates commercial progress. We close this gap by introducing feasible use case scenarios for emotional

interaction in the car, based on a contemporary technology stack.

2.2 Cultural Influences On Interaction

In the global automotive industry, designing a universal UI achieving the same level of UX and satisfaction in di�erent

user groups, has always been a large challenge [17]. Especially when designing emotional interfaces for one or more

market segments, how enjoyable they are perceived to be varies considerably across cultures [40]. Previous studies

investigating cultural di�erences in the automotive context found varying behavioural tendencies that in�uenced

usability [25] as well as disparate design preferences for in-car HMIs between European and Asian users [24]. Conse-

quently, UI designers are increasingly creating interfaces with culture in mind, following a culturally sensitive design

approach [26, 27]. For example, Wang et al. conceived a tra�c system, tested it with Swedish and Chinese drivers, and



found identical requirements for simple tra�c scenarios, whereas in complex tra�c scenarios the di�erent cultural

backgrounds required di�erent types of information [47]. With Hofstede's cultural dimensions theory they build upon

a traditional model to comprehend in�uences in UI design, based on cross-cultural comparisons for the dimensions

power distance, individualism, masculinity, uncertainty avoidance, long-term orientation, and indulgence [11, 20].

Emotional states are likely to be expressed di�erently depending on the cultural context, e.g., unveiled expressions

are more common in cultures of high individualism (individual before collective) and low power distance (open for

di�ering behavior), which are less frequent in opposite cultural contexts [2]. Recent work observes cultural variation in

participants' beliefs about emotional expressions in happiness, disgust, and sadness categories, sampled from facial

expressions of participants from various cultural regions [9].

In our work, German and Chinese drivers are considered distinct user groups, which can provide more diverse

insights on emotional interfaces in two highly dissimilar cultures. The two countries, as the prevalent economies in

two of the biggest premium car markets [43], are also meant to ensure a certain level of technology a�nity in the car

owners, whom we anticipate to be early adopters of novel in-car interaction like emotion detection features. According

to Hofstede's work, Germany and China provide quite opposite pro�les for individualism (G67/C20), power distance

(G35/C80) and uncertainty avoidance (G65/C30) [20]. We thus expect requirements for enjoyable user interfaces to

di�er between both countries. Related work tells us that Chinese consumers set a higher value on appearances at �rst

impressions, they value family time, and rather withhold their emotions to seem positive, while Germans appreciate

sheer functionality and aim for personal satisfaction and individual solutions [28]. They also di�er in terms of emotional

engagement, driving skills, and tra�c perception [8], which is of course also contingent on the di�erent tra�c rules in

place, such as the right of way, speed limits, or the severity of penalties [29, 50]. Chinese drivers also show di�erent

driving preferences, styles and behaviors from the German, e.g., a faster �ow with greater density of information [18]

and a lower level of driving anger [30].

With globalization, the taxonomic view of Hofstede's cultural dimensions however gradually loses its original roots

within geographical separation. Critiques of this model are widely pronounced in the �eld of technologically-enabled

interactions, �nding di�culties in applying the framework for explaining di�erences in technology use as well as in

design [12, 31]. As a consequence, the concept of postcolonial computing is formulated not as a new domain or design

space, but as an alternative sensitivity to the process of design and analysis [21]. It raises a series of questions and

concerns inspired by the context of post-colonialism, relevant to any design project � for example, but not limited,

to HCI4D1 applications. It prompts designers to consider their work as transformative interventions, abreast the

progression from cultural nationalism towards a global village [21, 38]. With that we also face the question whether

cultural adaptation is sensible in a world in which users might deliberately acquire a German or Chinese car because

they expect di�erent experiences from them based on historical evidence. Our approach to this work thus discards

the idea of designing culturally speci�c interfaces in favor of letting users experience designs based on the needs of a

culturally diverse user sample, in order to �nd disparities and common grounds.

3 DESIGNING USE CASES FOR AFFECTIVE INTERACTION

The design process we used to generate a culturally inclusive set of a�ective use cases was based on an inter-cultural

design thinking approach previously used by Li et al. [29]. We �rst collected a wide set of ideas from an analysis of

related work and the output of 4 ideation sessions with a total of 50 German users who work in the automotive and HCI

1see, for example, http://prior.sigchi.org/communities/hci4d
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