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head-mounted displays (HMDs) have come a long
way since Sutherland introduced the concept 50 years
ago [14]. This brings us closer to the vision of seam-
lessly molding interactive digital information onto the
physical world – be it with HMDs or a future replace-
ment technology (which we will subsume under HMD
below for simplicity). As bits and atoms will continue
to merge, corresponding interaction will increasingly
happen everywhere, hence often on the move. How-
ever, today’s interaction techniques, ranging from
touch input on the frame of the HMD (e.g., Google
Glass) or accessories [1] to voice commands [6], are
not tailored to the specific requirements of on-the-go
interactions, limiting their viability for such situa-
tions. Besides the missing emphasis on mobile in-
teractions, we see that these interaction techniques
largely ignore the skills and dexterity we show in
our day-to-day interactions with the physical world:
Throughout our lives, we have trained extensively to
use our upper and lower limbs to interact with and
manipulate the physical world around us.

In this article, we provide a concise overview on how
the skills and dexterity of our upper and lower limbs,
acquired and trained in interacting with the physi-
cal world, can be transferred to the interaction with
HMDs. We present the vision of around-body interac-
tion, in which we use the space around our body, de-
fined by the reach of our limbs, for fast, accurate, and
enjoyable interactions. In the remainder of this arti-
cle, we first introduce a design space for such around-
body interactions and, second, present two examples
of such interaction techniques, which use the degrees
of freedom of the lower limbs for on-the-go interac-
tions. Finally, we conclude with future research chal-
lenges.

1 DESIGN SPACE
The envisioned ubiquitous interaction with a com-
puter system using our limbs presents our body with
additional tasks, entailing additional burdens. This
becomes a particular challenge when an interaction
with digital information coincides with an interac-

tion with the physical world: Any part of the body
involved in the interaction with the HMD is no longer
(or, at least, no longer entirely) available for interac-
tion with the physical world. As a consequence, a
single interaction technique cannot support all situ-
ations a user might encounter during the day with-
out interfering with the interactions with the physical
world. To overcome the limitations of individual in-
teraction techniques, future interaction with HMDs
will, therefore, require a set of several interaction
techniques using different limbs and different modali-
ties of these limbs. From such a set, the most suitable
yet least interfering technique can then be selected
based on the situation.

There exists already a variety of interaction tech-
niques that leverage movements of our limbs as an in-
put modality. To classify these interaction techniques
and help to select appropriate interaction techniques
for different situations, we present a design space for
on-the-go interactions using our limbs. This design
space can help to identify yet unexplored – and, thus,
unsupported – interaction situations for future work.

Building on an in-depth analysis of the design space
for on-the-go interactions using our limbs, we propose
a classification based on the following characteristics:

Limbs used for Input: Interaction techniques can
use 1) the upper limbs, 2) the lower limbs, or 3)
both, upper and lower limbs.

Output Reference: Different tracking technologies
of HMDs allow different types of visualiza-
tion that 1) appear at a fixed position (head-
stabilized), 2) move as the user moves (body-
stabilized) or 3) are anchored in the real world
(world-stabilized) and, thus, allow the user to
move independently of the visualization [2].

Mobility: Interaction takes place during 1) station-
ary periods, and 2) while the user is in motion.

Number of Users: By design, HMDs are radically
private devices, tailored to 1) single-user oper-
ation. To support collaborative situations, ad-
ditional 2) multi-user interaction techniques are
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necessary.

Interaction Style: For fast and direct interaction
both, 1) continuous (e.g., gradual adjustment of
a slider) and 2) discrete (e.g., traverse cascading
menus) interaction techniques are necessary.

Figure 1 depicts a selection of around-body inter-
action techniques from the body of related works,
classified in the presented design space. In the fol-
lowing section, we discuss two exemplary interaction
techniques supporting on-the-go interaction using the
lower limbs to support users during stationary and
in-motion periods, as highlighted in Figure 1.

2 FOOT-BASED INTERAC-
TION

While there is a long history of research on foot-
based interactions in various areas from industrial
machines [8] to smartphones [4], foot-based interac-
tions have seen little systematic evaluation for inter-
action with HMDs. At the same time, interaction
using our feet can offer great advantages in mobile
situations: While our hands and arms are often – in
particular in a mobile context – busy interacting with
the physical world, our feet are free to contribute to
the interaction. Therefore, we explore two interac-
tion techniques using the lower limbs, which allow
hands-free interactions in highly mobile situations.

2.1 Mind the Tap: Interaction while
Standing

Mind the Tap investigates foot-based interaction with
an augmented interface that is fixed to the dominant
foot of the user’s standing position and, thus, always
available to the user. The interface consists of a semi-
circular interaction wheel, which is divided into a grid
by several rows and columns. Each cell of the grid
represents an option that users can select by tapping
it with their foot (see Figure 2).

We investigated two different styles of interaction
with this interface. In both variants, users operate
the interface by foot taps, but the visualization of
the interface is different:

Direct Interaction The semicircular grid is visu-
alized within leg reach on the floor. The user
can interact with the system by looking to the
ground and tapping the location where the re-
spective grid cell is visualized. Therefore, there
is a direct connection between the location of in-
put and output.

Figure 1: A design space for around-body interactions
based on the 1) limbs used for input, 2) output sta-
bilization, 3) mobility, 4) number of users and 5) in-
teraction style. This article discusses the two entries
highlighted in green.

Figure 2: Mind The Tap allows hands-free interaction
with information through foot taps on the floor in
front of the user.
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Figure 3: Walk the Line visualizes options as lanes on
the floor. Users select options by shifting the walking
path sideways.

Indirect Interaction The indirect interface moves
the visualization to the air while keeping the in-
put location on the floor. Despite the missing
direct connection between the location of input
and output, users still can interact with the sys-
tem using foot taps. This ability is based on the
sense of proprioception, which gives us an in-
nate understanding of the relative position and
orientation of our body parts without looking at
them.

We compared the two styles of interaction in a con-
trolled experiment and evaluated their accuracy and
efficiency. The results show the suitability of both in-
teraction styles for accurate (> 99% for two and four
targets using both interface styles) and fast (1.0s -
1.2s for selecting a highlighted target, depending on
the condition) interactions through foot movements.
The comparison of the interaction types revealed that
direct interactions are better suited for short and fine-
granular interactions, whereas indirect interactions
are better suited for longer (e.g, multi-step) inter-
actions.

2.2 Walk the Line: Interaction while
Walking

Besides the advantages of foot-taps as an input
modality such as hands-free usage, there is one major
limitation: The user has to stand in a fixed position
in order to operate the interface. This limitation is
based on the problem of differentiating between inten-
tional movements aimed to contribute to the interac-
tion and movements that occur naturally (e.g., while
walking), cf. the Midas Tap Problem [12]. If, however,
the vision of ubiquitous interaction with information
in a digitally augmented physical world is to become
a reality, a substantial part of the interaction with

such devices will happen on the go. This highlights
the necessity for truly mobile interaction techniques
that not only support interaction while being at dif-
ferent places but also during the process of getting
there, e.g., while walking.

We consider a system that displays multiple lanes
parallel to the walking path of the user. Each lane
represents an option the user can select. The lanes
can be arranged on both sides of the user’s walking
path (see Figure 3). To interact, users shift their path
sideways until they walk on the desired option lane.
The system highlights the lane the user is currently
walking on by changing the visualization (e.g., the
color) of the respective lane. This change affects the
entire lane, which is also visible in front of the user.
Therefore, users do not have to look to the ground to
interact with the system but can keep their heads up.
By walking along one of the lanes for a certain period
(i.e., the selection time), the respective option can be
selected, analogously to the concept of selection by
dwell time in eye-gaze interaction.

In addition to the option lanes, we propose a non-
active null lane that covers the path directly in front
of the user, which remains free. Therefore, if users
continue walking straight ahead, the system does not
interpret this as an interaction and does not trigger
any actions.

We evaluated this interaction technique in a con-
trolled experiment focusing on accuracy and effi-
ciency. We found a selection time of 2/3s with
∼ 11cm wide lanes to be the best compromise be-
tween accuracy (∼ 94%) and efficiency (∼ 1.8s for
selecting a highlighted target).

3 CHALLENGES AND LIMI-
TATIONS

As discussed above, interaction techniques can be
rendered unsuitable by the context of use. When we
carry things, we cannot use our hands for interaction.
When we walk, we cannot use foot-tapping for inter-
acting and, vice versa, when we stand, we cannot use
a walking-based interaction technique. Besides the
need to support all situations addressed in the design
space using appropriate interaction techniques, this
also raises the question of how to select the appropri-
ate interaction technique for the current situation.

Simultaneous availability of multiple interaction tech-
niques as the most straightforward solution leads to
many problems similar to the Midas Touch Prob-
lem in gaze-based interaction: How can natural body
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movement be distinguished from intended interac-
tion? The constant availability of all interaction tech-
niques would, thus, lead to a large number of false ac-
tions by the system. Another simple solution could
be the explicit selection of an interaction technique by
the user. However, this selection must also be per-
formed somehow – possibly by operating a switch,
which again requires the use of the hands and is,
therefore, not feasible in all situations.

Further work is needed in this area in order to ar-
rive at a truly integrated system that can – based
on the context and the situation of the user – make
a decision on which interaction techniques should be
available in the current situation.

4 CONCLUSION
We are closer than ever to the era of digitally aug-
mented physical worlds – not just inside rooms, but
increasingly everywhere. Interacting with the digital
world on the go, while coping with the physical world,
is a crucial challenge on that evolutionary path.

In this article, we presented a vision for a body-
centric framework for the future interaction in the
space around our body by harnessing the degrees of
freedom offered by our bodies for more natural, pleas-
ant, and fun interactions.
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