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Figure 1: A user is interacting with the system perceiving
EMS feedback.
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Abstract
As displays in public space are augmented with sensors,
such as the Kinect, they enable passersby to interact with
the content on the screen. As of today, feedback on the
user action in such environments is usually limited to the
visual channel. However, we believe that more immediate
and intense forms, in particular haptic feedback, do not
only increase the user experience, but may also have a
strong impact on user attention and memorization of the
content encountered during the interaction. Haptic
feedback can today be achieved through vibration on the
mobile phone, which is strongly dependent on the location
of the device. We envision that fabrics, such as underwear,
can in the future be equipped with electrical muscle
stimulation, thus providing a more natural and direct way
of haptic feedback. In this demo we aim to showcase the
potential of applying electrical muscle stimulation as
direct haptic feedback during interaction in public spaces
in the context of a Kinect-based game for public displays.
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Introduction

Background and Related Work

Providing feedback is one of the Golden Rules of user
interface design as proposed by Shneiderman and
Plaisant [8]. Desktop computers, for example provide
pop-up boxes or present feedback in the form of sound
effects. Currently, interfaces deployed in public spaces
adopt such feedback techniques, for example through
providing visual cues on the screen or through acoustic
signals [2].This kind of feedback, however, is often
inappropriate or insufficient in public spaces. Due to
multiple users in front of the display and large interaction
distances, visual cues may be obstructed and go unnoticed
with the viewer and acoustic signals may disturb passersby
or remain unheard. In contrast, users of mobile devices
often prefer haptic feedback, which is more subtle, privacy
preserving, cannot be obstructed, and does not disturb
others. Therefore, we investigate using haptic feedback
for interactive installations in public spaces.

Public displays usually provide visual or acoustic
feedback [2]. In contrast, mobile phones as well as game
controllers (e.g., Wii) use haptic feedback acknowledging
the execution of a command. This feedback has several
advantages such as directness, it preserves the user’s
privacy, and it can be easily mapped to user interaction.

In the future, haptic feedback may be generated in
different ways, including force feedback. The technology
for such feedback methods is getting smaller and is
integrated nowadays in mobile devices [6]. We imagine
that the feedback can be provided through bracelets or
smart clothing as well. The environment could, through a
suitable communication infrastructure, communicate with
such feedback devices and thus augment interaction in
public space. As a result of this we expect an impact on
the users’ opinion, experience, and cognition of interactive
public applications, which we aim to explore in our work.
With this demonstrator, we want to showcase the
potential of haptic feedback with interactive display
applications. We show an interactive game that generates
haptic feedback utilizing an electrical muscle stimulation
(EMS) system as the user plays in front of the screen.

One way to provide haptic feedback is to use small electric
pulses applied to the user’s muscles. Electricity is being
used to manipulate human bodies since the 18th
century [3]. Strojnik et al. [9] used electrical stimulation of
muscles in rehabilitation for practicing walking in the late
70th. Recently, electrical muscle stimulation (EMS) was
used as force feedback in video game controllers. Kruijff
et al. [5] use EMS for pseudo feedback in 3D computer
games. In a study they showed that users do not feel pain
and rank the feedback as neutral. In [4], Farbiz et
al. present an EMS feedback system for mixed reality. The
system visualizes a virtual ball that can be hit by a
physical racket and gives the expected feedback. In
PossessedHand an EMS-based system for controlling
finger movements is presented [10]. They show how
feedback on single fingers can be used for virtual objects,
navigation, and to practice playing instruments. Lopes and
Baudisch [6] investigate a mobile EMS system for force
feedback in mobile games. In a study they showed that at
maximum stimulation and a duration of 1000 ms the users
could provide an average force of 18.7 N (1903 g).
Prior work shows that the potential of haptic feedback is
well understood – particularly for games and in single user
environments. We draw upon and extend this knowledge
to interaction in public space with the aim to not only
tackle the challenges arising in such settings but to also
investigate aspects going beyond the feedback itself.
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Demonstrator
The demonstrator consists of a public display node
running a virtual soap bubble game (see Figure 2) and the
mobile EMS feedback system that is attached to the
user’s arms (see Figure 3).

Figure 2: A user is interacting
with the soap bubble game.

Figure 3: The EMS system
generating the haptic feedback.

Public Display Node
In order to study the influence of feedback during the
interaction process with a public display, we implemented
a soap bubble game [1]. In this game, small soap bubbles
containing arbitrary items are floating from the bottom to
the top of the screen. Due to the integration of a
Microsoft Kinect into the demonstrator, the user is
capable of interacting with the game using body
movements. We draw upon the user‘s silhouette to
communicate the interactivity of the display [7] and to
provide the user feedback on his movement. The
silhouette is derived from the depth image of the nearest
user in the Kinect‘s field of view. As soon as the the
user‘s hands touch the soap bubbles they pop and the
containing item falls down.
Electrical Muscle Stimulation Feedback
To provide haptic feedback we use a low-cost, commercial
EMS based massage device. As the user touches the
bubble the display application sends a signal to the EMS
control system which then provides an electrical impulse
contracting the muscles of the user as feedback. The
EMS system produces a neuromuscular electrical
stimulation impulse with a pulse duration of 260 µs. and
pulse frequency from 50 to 70 Hz.
We use an Arduino for controlling the intensity and
duration of the feedback. Communication between the
Arduino and the display node is established using WiFi.
Both lower arms of the user are connected to the system
by two electrodes. As soon as the user hits a soap bubble,
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this arm receives the feedback with a duration of 750 ms.
Due to the fact that each user perceives EMS slightly
different, the user needs to calibrate the level of intensity
before using the system. Since the EMS system and the
Arduino are battery-supplied the system is mobile and can
be used on the go with no cable hampering the
interaction.

Deployment
We deployed the prototype on an interactive display in our
lab to gather early feedback from users. We recruited
passersby on an opportunity basis and let them try out the
system by playing the game.
Short semi-structured interviews revealed that users could
easily map the popping of the soap bubbles to the haptic
feedback. One participant reported that he could even feel
the difference between one and two simultaneously
popping bubbles. Some participants could image to use
the system to feel virtual objects shown on the screen as if
they were physically touching it. Another user reported
that after playing the game for a while he would even miss
the feedback if the system failed to trigger the stimulation.
Overall feedback was very positive. However, participants
also expressed their skepticism due to the use of electricity,
which should be further explored in future work.

Discussion and Conclusion
We presented a system for providing haptic feedback in
the context of an interactive public display application
using EMS. EMS technology offers a wide variety of
haptic feedback, ranging from a small tickle to large
muscle contraction. This allows the impact of different
intensities of feedback to be investigated in depth. With
the rise of smart and interactive clothes, this kind of
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feedback may be commonly used to provide additional,
privacy preserving feedback to the user.
Despite the fact that this system has a lot of potential,
some challenges arise with this new kind of technology.
First, the amount of electricity generated needs to be
adapted to each user. Applying too strong currents results
in pain whereas too little results in no effect at all. As
feedback devices will be user-owned we envision an initial
calibration that can be used for subsequent use thus
limiting the burden for the user. Second, accurately
mapping the feedback to the interaction is crucial as
delays may lead to users to correctly associating it with
their action and thus having a negative impact on the
envisioned effect.
Early user feedback shows that by carefully addressing
these challenges, a pleasant UX could be provided that
allows further research questions to be addressed.

Future Work
In the future, we are interested in investigating the effects
such haptic feedback may have on the user as they
interact in public space. We hypothesize an increase in
reaction times, a positive effect on user cognition with
regard to the content, and an influence on the user
experience. The aforementioned effects may strongly
depend on a number of different aspects, including but
not limited to the duration, intensity, or pattern of the
applied feedback as well as the location of the actuator on
the body. With the demonstrator we aim to identify and
investigate further aspects and gather early user feedback.
Furthermore, we want to explore if EMS feedback can be
used to increase the attractiveness of interactive public
spaces and whether it can be used to communicate their
interactivity.
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