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Abstract

Piling is a highly common activity for the casual organi-
zation of documents. Today’s tabletops do not offer
sufficient support for piling, particularly in hybrid set-
tings where both digital documents and paper docu-
ments are used on the same surface. We contribute
several techniques for interacting with hybrid piles of
printed and digital documents on tabletops. By employ-
ing a soap bubble metaphor and by using paper as a
tangible control for the hybrid pile, these allow easy
creating and rearranging piles while maintaining the
flexibility of traditional paper piles.
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Introduction

Piling is one of the most prominent forms of organizing
documents in our everyday life [4]. This physical prac-
tice has been imitated in digital grouping concepts by
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offering various sophisticated gesture-based interaction
techniques for piles of digital documents.

However, many knowledge work practices consist of a
combined use of both digital and physical documents
(which we call hybrid use). In this paper, we present
hybrid piling techniques which support piling of printed
and digital documents in any combination on interactive
tabletops.

In an exploratory user study [11], we found that the
main representational form for organizing printed and
digital documents on tabletops is the hybrid pile. This is
a layered arrangement of (partially or entirely) over-
lapping digital and physical documents. While all partic-
ipants intuitively and easily created hybrid piles, it be-
came evident that more explicit support of hybrid piles
is needed: The user should be able to interact with a
pile as with one single entity, e.g. for moving, while
preserving the flexibility of individual documents. More-
over, users need to quickly obtain awareness of the
digital documents of a hybrid pile, as this has been in-
tuitively performed with physical papers.

Based on the design insights from the user study, we
present a soap bubble metaphor to permit flexible re-
organization and navigation of hybrid piles as with
physical documents. We also contribute a set of novel
hybrid interaction techniques to enable fluid transitions
between different representational modes. Finally, we
discuss the emerging advantages and challenges of
treating traditional paper as tangible objects to control
virtual documents in different piling activities.
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Related Work

Early studies [2, 3] investigated and identified the ad-
vantages of piling versus filing on office worker desk-
tops. It was found that piling is a lightweight, casual
activity, involving less overhead than filing. In order to
make the use of computers more natural, it was sug-
gested to offer more support for piling in today’s desk-
top computer systems. Mander et. al. [4] developed a
prototype which explored the piling metaphor by pro-
posing a set of gestures and interaction techniques for
browsing and manipulating piles.

Inspired by [4], Agarawala et. al. [5] proposed a more
comprehensive prototype which aimed to bring more
realism to the today’s rigid virtual desktops by adding
physics simulation and using piling instead of filing as
the fundamental organization structure. In this way,
virtual objects can be dragged and tossed around in a
realistic fashion. Moreover, a set of pen-based interac-
tion and visualization techniques enable users to create
and manipulate piles of virtual objects. In [10] an inter-
face for grouping graphical objects is proposed. The
approach relies on spatial clustering and visualizes clus-
ters with a rotund bubble surrounding the objects.

There exist number of systems, which consider the is-
sue of digital grouping and piling on interactive table-
tops. Storage Bins [6] facilitate the casual and mobile
storage of objects on interactive tabletops. Their mo-
bility and adjustability in size and shape permit users to
share resources and transitions between resources on
tabletops. In order to support navigation, repositioning
and reorganization of digital piles on tabletops, [7] pro-
posed three stylus-based interaction techniques. These
techniques are based on transparency [8] and expand-
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(a) (b) (c)
Figure 1. Pile creation by placing physical on digital docu-
ments (a) or dragging digital under physical one (b). (c)
The Hybrid pile formed.

ing [9] ideas to effectively reveal the elements hidden
in a stack of digital elements.

Supporting Hybrid Piles

We leverage a soap bubble metaphor, inspired from
bubble clusters [10]. The soap bubble metaphor is a
group visualization technique based on the spatial prox-
imity of documents to each other. Once a hybrid group
formed, an elastic bubble is displayed on the tabletop
that surrounds the contour of the group (Fig. 1). This
provides clear feedback about which documents belong
to the group. Moreover, the flexible form of the bubble
provides for flexible rearrangements of the documents
contained within the group. Two bubbles join and be-
come one large bubble if they get in touch; in the re-
verse way, one bubble can also be divided into two
bubbles. Leveraging this flexible nature, we use soap
bubbles to continuously provide unambiguous feedback
about the hybrid grouping of documents and to allow
easily and flexibly creating and rearranging groups.

In contrast to pure digital bubble clusters designed for
interacting with a mouse [10], our concept addresses
hybrid interaction with both physical and digital items.
This allows more flexible ways of interaction, such as
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Figure 2. Flexible reorganization of the elements of a hy-
brid pile. The soap bubble adapts itself to the arrange-
ments of the pile

using physical items as a graspable handle for the hy-
brid group (see below).

The soap bubble metaphor facilitates the following pil-
ing activities in the hybrid setting:

= Creating a group: By placing (or dragging) docu-
ments onto each other (see Fig. 1), a hybrid group is
formed or a new item is added to an existing hybrid
group. A bubble is automatically displayed around all
documents containing to the same group. In addition
we are also investigating more stable forms of group-
ing. By attaching several sheets of paper with a physi-
cal paper clip, a stable physical grouping is created, to
which digital documents can be added as described
above.

= Flexible reorganization: The soap bubble visualiza-
tion allows very flexible arrangements of the docu-
ments contained in a group. Individual documents
within a group can be displaced (see Fig. 2, for instance
placed one besides the other for reading and
comparison). The bubble flexibly adapts its shape to
the new contours of the group. In contrast to [10], it is
not only possible to interact with one single item at a
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(d)

Figure 3. Fluid transitions for hybrid piles,
from the compact form (a) to intermediate
forms (top-to-down (b), fan out (c) and
left-to-right (d)), to a full juxtaposition (e)

Figure 5. Moving individual physical or digital documents,
without affecting the entire pile

time. With bimanual and tangible interactions, the user
can grasp and move several items very easily.

= Removing an item: If a document of a group is relo-
cated to be far from the other documents of the group,
the single bubble of the group gradually splits into two
separate bubbles (see Fig. 4). While dragging the doc-
ument away, the user gets continuous feedback to indi-
cate when the document gets separated from the group
because the connecting part of the bubble will grow
smaller. If the distance exceeds a threshold, the docu-
ment(s) is/are removed from the group and form(s) a
separate document or group.

Fluid Representational Transitions
We observed two main representational forms of
groups:

1) a “tidy” pile of documents, which affords inte-
raction with the group as whole, e.g. moving,
and

2) a juxtaposition or partially overlapping ar-
rangement, which affords getting an overview
on the documents, reading and comparing
them.

Groups of paper documents allow fluid transitions be-
tween both these representations. We frequently ob-
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Figure 4. Removing a document from a hybrid pile. The
soap bubble continuously visualizes the state of the pile.

served participants performing these transitions with
one quick and intuitive movement. In contrast, in the
digital and in the hybrid case, these transitions are
much harder to perform, as each digital document has
to be individually moved. In these cases, no transitions
were made by the participants.

Our design leverages the many degrees of freedom of
the tangible control to offer fluid transitions between
hybrid group representations. In order to arrange all
documents of a hybrid group in a particular representa-
tion, the user has to arrange only the physical part in
this manner. The digital documents of the group are
automatically relocated and rotated to form the same
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representation. Hence, these hybrid transitions are as
easy to perform as with pure paper. They are depicted
in Fig. 3.

These transitions can be used for getting an overview
on all documents of a hybrid pile. Moreover, they allow
quickly switching between different forms of interaction
(e.g. moving a group vs. comparing the documents).

Moving Hybrid Piles

The ability to move and drag documents on the table-
top plays an important role in optimally managing the
workspace. In our study we observed that physical piles
were relocated very frequently by moving or picking-
and-dropping. In contrast, digital and hybrid groups
were never moved because suitable functionality was
missing.

We want to leverage paper as a tangible control for
easy moving of hybrid groups. However, this concept
raises a conceptual challenge. If the user moves docu-
ments, it is not clear if she wants to interact with these
documents using them as first-class objects (for exam-
ple for reorganizing the pile as described above) or if
she wants to use them as a tangible handle for the en-
tire pile. Our design resolves this ambiguity as follows:

= If individual documents, but not the entire physical
pile, are moved, the documents are treated as first-
class objects, i.e. they are rearranged without affecting
the remainder of the pile. (represented in Fig. 5)

= If all documents of one entire physical pile are
moved or picked-and-dropped (see Fig. 6) together,
they are considered as a tangible handle of the entire
hybrid pile. Automatically the digital part of the hybrid
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U

Figure 6. Pick-and-drop interac-
tion to relocate an entire hybrid
pile by using paper documents as
. tanaible controls.

pile is relocated according to the movement of the
physical part. In the special case that the user wants to
move all documents of the physical part at the same
time, but without affecting the digital part, she can hold
one of the parts at a fix position while moving the other
part away. Then both parts can be moved in separa-
tion. They can be easily reconnected by simply placing
them onto each other as of creation.

A second challenge with moving documents in the hy-
brid setting is generated by the presence of physical
paper on the display. Digital items cannot be dragged
over these occluded positions. To move documents
across physically occluded areas, we propose a flip-
under gesture. This is a bi-manual gesture, one finger
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specifying the destination and the other finger flipping
the digital objects in that direction. This gesture also
enables the users to quickly create a group of digital
documents by specifying the center of group and drag-
ging multiple digital documents to the group.

Summary and Future Work

In this paper we presented intuitive and lightweight
visualization and interaction techniques to facilitate the
manipulation of hybrid piles. In contrast to previous
systems, our techniques do not require any specific
gestures to manipulate piles of documents nor do they
restrict the interaction with groups of documents to a
specific area of the tabletop. Inspired by nature, we
introduced a soap bubble visualization concept that
flexibly leverages the spatial proximity of the elements
of a pile. In this way, users can intuitively create hybrid
piles by placing or dragging documents over each other
and have high flexibility in reorganizing piles. Using
paper documents as tangible controls for hybrid groups
provides for easy and fluid transitions between different
pile modes as well as for easy moving of hybrid piles.

We are currently implementing a tabletop system which
coherently integrates these interaction and visualization
techniques. We follow a marker tracking approach to
keep track of the locations of physical documents. Our
system uses above and beneath cameras to detect
fiducial markers. For the near future, we plan to con-
duct a comprehensive user study.
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