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Abstract
This work in progress investigates gestures on tabletops
with elastic displays that allow temporary deformations of
the surface. While tabletops with rigid interactive surfaces
have been subject of the research agenda of tangible,
embedded, and embodied interaction for a considerable
amount of time, we review novel systems that exploit the
third dimension offered by tabletops with elastic surfaces.
In addition, we propose a tentative interaction syntax. In
a user study, we compare push gestures on elastic
tabletops with swipe gestures on a multi-touch display.
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Introduction
Elastic displays address a challenge that current tabletop
systems are facing: the lack of differentiated haptic



feedback. While a very direct and natural interaction with
2D content is possible with standard rigid multi-touch
surfaces, they only provide uniform feedback for the users
hands. Elastic tabletops promise to remedy this lack of
tactile and spatial experience. However, other than
displays that can be permanently deformed, they also
maintain consistency of shape and thus enable viewing an
interface in a standard and well-established way. In
contrast to gestures performed in mid-air, elastic displays
add a third dimension to touch while maintaining haptic
feedback.

First, we give a brief review of related work in the domain
of elastic displays, distinguishing the domain from other
research in the field of deformable displays (cp. [1]).
Second, we propose a tentative interaction syntax for
elastic gestures. Our pilot study investigates whether an
elastic display holds advantages over a multi-touch
tabletop and shows that a number of challenges remain to
establish this novel type of interactive surface.

Related Work
Recently, researchers have started to focus on interactive
surfaces other than flat and rigid ones [1, 12]. While there
is a considerable body of work in the literature concerning
malleable displays [5, 10] and actuated displays [9], the
knowledge about elastic displays that feature only
temporary deformations is scarce [6, 2].

One of the first elastic displays presented is the
“Khronos” projector by Cassinelli and Ishikawa [3]. It is a
vertical installation of a deformable tissue that is used to
fast-forward to a certain position in a video when touched
and depressed. With the “deformable workspace” a
comprehensive system for manipulating virtual 3D objects
on vertical elastic displays is available [13]. However, in

this paper we focus on horizontal tabletop systems with
elastic displays.

An elastic display that allows varied haptic feedback is
“MudPad” [7]. Although it is used as horizontal display,
its size is relatively small. One of the first published
systems that exhibited a tabletop system with an elastic
display is “DepthTouch” [11]. The “Obake display” is a
prototype devised at MIT media lab that demonstrates
various interactions with a silicone based screen [4]. The
proposed interaction language features various
combinations of intruding and extruding the elastic
display, which are addressed in the next section.

Interaction Syntax for Elastic Gestures
Elastic displays afford novel types of interaction using
hands. Although the gestures themselves are not elastic,
we use the term elastic gestures. A systematic overview of
interaction techniques with elastic displays is still lacking
in the literature. For multi-touch gestures, various
high-level abstractions exist, e. g. based on a semiotic
analysis [8]. As a prerequisite for such future work in the
domain of elastic displays, we propose a tentative
interaction syntax for elastic gestures. We identified three
main categories: push, pull, and touch (see Table 1).

Pushing the surface produces valleys and requires a
certain amount of strength from the user depending on
the depth of pushing (see Figure 1). Pulling an elastic
surface requires not only strength but also a certain
amount of training and dexterity (see Figure 1). In our
experience, most new users have difficulties performing
this interaction. The third category is touch interaction,
which is comparable to standard multi-touch interaction.
In theory, all multi-touch gestures possible on a rigid
planar surface can also be performed on an elastic screen.



However, there is another parameter: pressure. A touch
gesture can be performed with different degrees of force
and thus in different depth levels. Difficulties in dragging
on an elastic display have been described by [2].

Figure 1: Interacting with an
elastic display using push and
pull gestures.

Categories PUSH PULL TOUCH

Object
Manipulation

Indirect &
direct

Indirect &
direct

Direct

Static Hit Flip Tap, Hold

Dynamic Multiple
hands
pushing
surface

Multiple
hands
pulling
surface

Multi-touch
gestures with
different
pressure

Joining &
splitting of
pulled areas

Combination of techniques

Table 1: Classification of interaction syntax for elastic displays

Another important issue is the way objects are being
manipulated. While touch interaction is commonly based
on direct manipulation (i.e. touching) of virtual objects on
the surface, pushing and pulling an elastic display can also
be used to indirectly collect and disperse objects by
exploiting natural physics.

All of the main categories of the proposed elastic gestures
can either be of static or dynamic nature (cp. [14]). The
main property of static gestures is that no continuous
movement of the user is necessary. For pushing, a simple
hit (or bump) on the elastic surface causes a slight
vibration, similar to ripples on a water surface. In the case
of pulling, letting the surface flip down by quickly letting

go of the cloth causes a similar effect. In the case of
standard touch interaction, tap or hold gestures are
considered to be static (cp. [14]). In contrast to hitting
and flipping an elastic display, only visual feedback can be
provided by the application. Static gestures are often used
to perform selections, activate menus, or confirm actions.

Dynamic gestures also address the movement while
pushing or pulling the cloth in order to manipulate
objects. The depth of a push or height of a pull are
important parameters that can be used by an application
for different purposes. A single user can employ two hands
to push or pull the cloth at multiple locations (see Figure
1). In the case of multi-users more than two areas can be
manipulated in parallel (see Figure 1). It is conceivable
that multiple pulled areas can be brought together or be
pulled away from each other (cp. [4]). As stated before,
all dynamic multi-touch gestures are also conceivable on
an elastic tabletop. Moreover, a combination of pulling,
pushing, and touch interaction is possible.

While considerable knowledge exists on multi-touch
gestures [8, 14], there is little or no evaluation of how
they are performed on an elastic display. Furthermore, the
diverse pushing and pulling gestures possible on an elastic
tabletop have not been thoroughly investigated yet (cp.
[2]).

Study on Memorability and Learnability
We compared the interaction using a standard rigid
multi-touch surface with a tabletop using an elastic
display. In our pilot study we investigated the following
underlying hypotheses: [H1] Interaction with an elastic
display supports finding and memorizing different layers of
information (memorability), [H2] The interaction with
metaphors based on depth levels is easier to learn and



understand using an elastic display (learnability).

Participants
There were 21 participants (6 female), from 24 to 36
years averaging at about 29 (SD = 2.97). All but one
were familiar with multi-touch tabletops (7 or more hours)
and only 2 with interacting on an elastic display. Most of
the participants (14) knew how to interact with the elastic
tabletop (1-2 hours experience), but were no professionals
in dealing with it.

Figure 2: Study setup with
elastic tabletop (including
internal setup of projector, kinect
sensor, and mirror) and
multi-touch tabletop system.

Apparatus
We used a commercial multi-touch tabletop with physical
size of 115 x 85 x 95 cm (width, length, height) and our
custom built elastic tabletop with physical size of 115 x 85
x 107 cm (width, length, height). Both test applications
were implemented using Java and the Processing libraries
for visualization.

Procedure
Participants were presented with the task of finding and
matching images of fruits (see Figure 2). While one image
showed the target, the other two had to be manipulated
until the target was found. There were 8 images in each
stack and all of the 8 fruit cards had to be found in each
of the 5 experiment blocks. An intermediate break of 15
seconds took place between the blocks. Hence, every
participant had to solve a total of 40 trials on each system
and fill out a survey afterwards. Before starting the
experiment, every participant did 5 trials for training.

The task in the study was to manipulate two stacks of
images in order to find a given target image, similar to the
popular memory card game. Since stacks in reality also
have a certain depth, stacks should provide an appropriate
interaction metaphor to compare multi-touch and elastic
tabletop interaction. Only push gestures from our

interaction syntax were used on the elastic tabletop. On
the multi-touch display, we also aimed for continuous
manipulation gestures and hence implemented swipe
gestures to the left and right to browse the image stacks.
In both cases the image stacks were explored with an
interaction technique appropriate to the technology. Half
of the participants started with the elastic tabletop and
the others with the multi-touch tabletop. This procedure
avoided a bias towards one of the tabletops in the data.
The Items in the stack were ordered randomly on the left
and on the right side, but fixed overall for both systems.

Data Collection
We collected task completion times and conducted a
NASA-TLX questionnaire to identify task difficulties (see
Figure 3). A custom survey elicited subjective opinions
regarding the two systems.

Results
In general, the task was solved faster on the multi-touch
surface (t-test, mean = 1.2 seconds faster, t(20) = 4.14,
p<.001) and judged more efficient in the survey. However,
the elastic interaction was regarded easier to understand
and to learn (p = .012). In both cases, the error rate was
the same (zero). The NASA-TLX survey supported the
findings in the data. The multi-touch system was rated
easier to use (p = .005) and less demanding in a physical
way (p<.001). Furthermore, we found a tendency towards
a higher frustration with the elastic tabletop (p<.010).
The data also showed that participants with equal
experience in both systems were less frustrated with the
elastic tabletop than with the multi-touch system. For
this group, the task itself was regarded easier to solve
with the elastic tabletop. However, it was rated physically
more demanding and slower to solve than on the
multi-touch tabletop.



While our study showed first in-
dications that learning and un-
derstanding of an elastic table-
top is easier, it also showed
that the multi-touch interaction
technique was faster. Hence,
we could find support for our
second hypothesis, but no ev-
idence that our first hypoth-
esis holds true. One reason
could be the study design, since
the multi-touch interaction may
have led to a memorization of
the position of the items as well,
however, not in depth, but in
horizontal positions.
The frustration with the elastic
tabletop as reported by the par-
ticipants stems mainly from jit-
tering in the tracking system.
The result was a significantly
higher amount of card turns on
the elastic tabletop. With a
more robust tracking hardware,
we hope to be able to remedy
this source of frustration. Like-
wise, the precision of the depth
interaction will then close the
gap to multi-touch technology.
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Figure 3: Mean completion times of the 21 study participants (error bars show standard deviations) and results of the NASA-TLX
questionnaire (mean values across 21 participants, error bars show standard deviations).



Conclusions and Future Work
In this report on our work in progress, we proposed a
tentative interaction syntax for elastic tabletops. A
thorough and systematic evaluation of all possible
gestures is subject of future work. While our pilot study
does not yet show significant benefits over standard rigid
multi-touch surfaces, we believe that more robust
hardware and suitable applications is going to prove that a
more natural and intuitive interaction is possible with
elastic tabletops.
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