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ABSTRACT
In this demonstration we show a thermal interaction design on
the steering wheel for navigational cues in a car. Participants will
be able to use a thermally enhanced steering wheel to follow instructions given in a turn-to-turn based navigation task in a virtual
city. The thermal cues will be provided on both sides of the steering wheel and will indicate the turning direction by warming the
corresponding side, while the opposite side is being cooled.
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1

INTRODUCTION

In-car entertainment and information systems are gaining more
and more importance as the offered applications expand. These
systems and the driving task are competing for the attention of the
driver, especially if the information from the infotainment system
is presented visually, as this is the most important sense for driving.
Eye glances away from the road have been shown to contribute
significantly to incidents and crashes [2]. According to the Multiple Resources Theory [9] information should be distributed across
modalities not occupied by the primary task. Using haptic feedback, especially in combination with different feedback types, has
been shown to decrease reaction time whilst not increasing mental
demand [5] in a car. Most commonly used non-visual feedback
types are auditory and vibrotactile. Vibrations can reduce reaction
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time, when combined with another modality and are easily implemented, but they can be mistaken for natural in-car vibrations [1].
Auditory feedback is often perceived as disruptive during conversations. Therefore, we present an alternative haptic interaction type:
thermal feedback.
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RELATED WORK

Thermal feedback in vehicles has not yet been investigated, even
though heated steering wheels and seats are common option. Furthermore, research into thermal interaction has shown promising
results for mobile devices [10]. Studies showed that the direction of
temperature change (warm/cold) can be correctly recognized with
94% accuracy and the rate of temperature change (moderate/slow)
with 73.1%. Furthermore, navigation task studies utilizing temperature change have been conducted for pedestrians [8] and a two
dimensional maze game [6], in which thermal interaction helped
participants to successfully navigate towards their destination.
Haptic feedback in cars has been investigated for different uses,
locations and feedback types. Mostly navigational cues or warnings
were given through haptics. Van Erp and Van Veen [7] used vibration on the seat to give navigational cues, while Kern et al. [1] added
the vibration to the steering wheel. Medeiros-Ward et al. [3] used
two tactors on the steering wheel, moving the driver’s skin into
the turning direction. Haptically enriched multimodal warnings,
with vibration on a waist belt, have been investigated by Politis et
al. [4]. The overall results show that the addition of haptic feedback
to other modalities add to the efficiency of the interaction.

3

METHODOLOGY AND APPARATUS

A thermal steering wheel has therefore been designed to investigate
the effectiveness of thermal interaction in a car for navigation
purposes (see Figure 1). Four Peltier elements were mounted on the
steering wheel, two on each side with one facing to the front and
one to the back.
The turn direction is mapped to the direction of change (warm
and cool), while the time span encodes the distance. In accordance
with preferences given by participants in a previous study, the
turning direction is indicated by warming the two devices on the
corresponding side, to which the user should turn, while the devices
of the “wrong" direction are cooled down. Imitating well known
auditory navigation systems, the participants are given two separate
warnings: one warning 200 metres before the turn, and the second
stimulus right before the turning point. Both cues are presented
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could add an immediate sense of the severity of in-car warnings. In
future work we will investigate the addition of thermal feedback to
multimodal in-car warnings.
Thermal interaction on the steering wheel of a car is a novel approach and its unobtrusive feedback can be a very beneficial addition to multimodal feedback designs.
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Figure 1: The set-up of the thermal steering wheel. The
Peltier element can be seen on the left (red circle), mounted
on a heat sink. The hardware was designed and built SAMH
Engineering.
with a rate of change of 3◦ /s to a maximum of 6◦ C. Starting from a
neutral temperature of 30◦ C the turning direction is indicated with
36◦ C, while the opposite side is cooled down to 24◦ C. In the first
warning the temperature is held for 3 seconds after reaching the
goal temperature and then the Peltiers will be immediately turned
off. When the turning point is reached, the steering wheel will stay
warmed and cooled, respectively, until the turn is completed. The
Peltiers are then being brought back to the neutral temperature and
turned off afterwards. After each turn the driver’s car will be reset
on a different location in the simulated city, where the participant
can follow the road straight ahead, until the next turning point is
communicated.
The demonstration utilizes a Logitech G920 Driving Force steering wheel, with the 1x1cm Peltier elements mounted on it, and can
be run on a Dell XPS 15 9550 using Windows 10, with a monitor
connected to it. The driving simulation is implemented in OpendDS
3.5.

4

APPLICATION AND FUTURE WORK

The utilization of thermal interaction in cars can be used to enrich
feedback with additional content and its use can benefit from inherent interpretations, for example given through children games
such as “Hot and Cold". The application of thermal feedback for incar warnings seems to be an especially interesting field to explore,
as results from Wilson et al. [11] show that warm temperatures
were associated with insecure and therefore dangerous web sites.
This correlation of warm or very warm temperatures for danger
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