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ABSTRACT

As the complexity and amount of real world datattwmously grows, modern visualization systems dnanging.
Traditional information visualization techniquessasften not sufficient to allow an in-depth viswddta exploration
process. Multiple view systems combined with lirki& brushing are only one building block of a swsfal InfoVis
system. In this paper we propose the incorporaifoctheap and simple gaze-based interaction. Weanipk tracking
information not for selecting data (i.e. mouse riat¢ion) but for an intelligent adaption of 2D aBB visualizations.
Derived from the focus+context paradigm, we cal tiaze-focusThe proposed methods are demonstrated by means of
three different visualizations.
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1. INTRODUCTION

Information Visualization (InfoVis) strives to vialize abstract data in an easily understandable @agr

the years, several paradigms such as linking & Hings focus+context and details on demand were
established and are widely accepted as criticatessc factors for an InfoVis system. Focus+context a
details on demand are usually implemented based aelection, triggered by a mouse or keyboard
interaction. A user clicks some element, whichhisnt put into focus, for example by zooming, whitben
elements are compacted and possibly abstractedn \Atedyzing this workflow, we noticed that in order
select an element one has to first identify ithe tontextual representation of the data. The hwigon has

a rather small angle of focused sight, comparettheowider peripheral vision. We therefore implenegha
system where the currently focused part in thealigation correlates as closely as possible tdigation of

our eyes, the gaze-focus. We do this by trackimgghize of a subject and putting the element a sulge
looking at, in the focus of the visualization.

2. RELATED WORK

Gaze-based interaction is not an everyday useractien technique, primarily because of the higbt cuf
the required systems. However, this is currentBngiing, as eye tracking becomes technically masiliée
with low cost equipment (Hiley, et al., 2006; Kumer al., 2007).

Previous work (Fono, et al., 2005) has shown thaeghased interaction with windows is preferablerov
traditional input techniques. Fono, et al., (2005 gaze tracking to select and zoom windows a igser
focusing on and also to zoom in a digital medialiapfon. They showed that task completion time was
faster and preferred by users with gaze trackingpased to traditional input devices. However, gbased
systems suffer from some inherent deficiencies. @oblem is the involuntary selection of items (Mielas



Touch Effect), which can be overcome to some debsedor example, selecting only after a fixatioash
lasted for a certain time (dwell time) or after anuoal click (Vertegaal, et al., 2008). The accurathigh
quality eye tracking systems nowadays is limitecbout 2 degrees (e.g. www.tobii.com); while lowstco
systems have a precision of about 1cm on scredey(Hit al., 2006). Ashmore, et al., (2005) trpt@rcome
this by magnifying the region of the gaze with ahéiye lens and then selecting the target within the
magnification. Additionally to these approachesjchituse 2D distortion techniques, one of our teghes
relies on an interaction with a 3D arrangementjimgl on perspective effects rather than fisheytodisn.

3. METHODS

In the following we differentiate between gaze-fihseethods within a single view and interaction thiats
for the management and handling of multiple, linkesializations in a 3D setup.

3.1 Single view gaze interaction

Parallel coordinates are well suited to visualize several thousandslaih points simultaneously over a
limited number of dimensions. As the number of disiens increases, details are lost due to the egtuc
spacing of axes. While truly large amounts of digiens need special approaches, which produce @eddu
subset, e.g. (Yang, et al.,, 2003), manual distorgan increase the number of dimensions perceivable
simultaneously. In this process a large numberxesgaround 40) are shown at a time. The spacing), a
thereby the readability of interesting regions barincreased (creating a fisheye distortion). Theeeerties
lend themselves perfectly to gaze-based scene miatign. Since only a small region is observed glyan

the fixation phases of the eye, this region isrgad, once a user looks at it. The spacing of theraxes is
reduced, thereby using less screen real estate wfiilll providing the contextual information. Fiyshows a
screenshot of the implementation, where the gazeclese to the green vertical line.

Fig. 1. 2D scene manipulation in a parallel cocati#s view.
The gaze direction of the user extends the spawveeba a predefined number of axes.

In aheat mapthe magnitude of a value is mapped to a color.liaffon with a property is spatially encoded.
As a consequence, the number of simultaneoushakd elements has a strict upper limit: the nundfe
available pixels on the screen. In some tasksishi®t sufficient. Therefore, we use a hierarchaggroach
with three levels, shown in Fig 2.

An overview of all 30.000 elements is renderedtanleft, a data subset with up to 1000 elementken
center, and a detailed view on the right. We agaiploy a gaze following automatic focusing featuee,
maximize the clarity of the focused visualizatidhen a user looks at the second level, it is eeldrg
facilitating easier browsing in the dataset (Figa)2 Once the user gazes at the detail view, tide Vs
focused, thereby putting an emphasis on the indalidlements (Fig. 2 b).



Fig. 2. 2D scene manipulation in a hierarchical meap. (a) When looking on the overview level oe lift, it is
enlarged. (b) When the gaze is directed onto tkeildd representation, this is enlarged in turn.

3. 2 Multiple view gaze interaction

In order to investigate different aspects of a skttathe information is depicted in multiple vismations. In
combination with linking & brushing techniques, thiser has a powerful tool to perform visual data
exploration and analysis. State-of-the-art multiplew systems arrange views side by side on theescr
Fono, et al., (2005) showed how to zoom in on giiegtion window - which can also be applied to tiplé
view applications. However, this method is natyréithited by the available screen space and carefbee
only be used for a very low number of views. Inyiwes work in our group we tried to overcome this
problem by introducing a novel approach to managdouabout 20 related views. Planes containing the
content of 2D visualizations are arranged in a butke layout (see Fig. 3). The bottom of the beick
contains the view in focus. Four contextual views #borming the bucket walls. The rim of the bucket
contains a thumbnail list of views that are curyenbt of immediate interest, but can be swappedter on.
The user can arbitrarily rearrange views insidebtineket and its rim by using drag and drop.

Fig. 3 (a). Bucket setup. The center of the busketvs the view in focus (green). On the walls (pnnected views
are rendered. The rim (blue) presents a list ofecdnal views may be of later interest. (b) shokestiucket with real
data loaded. A selected entity is highlighted In/egws and connected by visual links (yellow tree)



Selected entities are synchronized between all viemd highlighted accordingly. Recent researchén t
field of information visualization uses visual ImKi.e. simple connection lines) among dependeswsi
(Collins & Carpendale 2007). The bucket employsi@idinking to emphasize relations between elements
(see Fig. 3 b).

While the multi-level approach (bucket bottom, wadind rim) enables the management of numerous
views, it introduces a distortion problem. Espdygiaéxt is difficult to read when rendered on thecket
walls. Therefore, we extended the static bucketpset a “rubber” bucket by taking into account treer's
gaze information. The bucket is rotated accordmthé gaze direction (see Fig. 4), reducing thiodisn of
the view looked at. When the user moves the headrtts the screen, the focused visualization in3fbe
scene is transformed to the user’s direction (djvinto the bucket). Additionally the gaze navigatio
immerses the user into the scene.

4. IMPLEMENTATION

We implemented th@aze-focuswith a very low cost hardware setup, sufficient & proof-of-concept
prototype. The gaze direction was determined byeadkmounted Nintendo® Wii™ Controller and an
infrared bar mounted on top of the screen.

The presented visualizations are created in they@al Visualization Framework (www.caleydo.org)
(Streit, et al., 2008). Caleydo is a multiple visystem supporting modern InfoVis paradigms. AltHoitgs
a general purpose visualization framework, the gnéidant use case deals with biological data. Ajufes
show real world data from our life science partners

For 3D rendering we use the Java OpenGL libraniGUOJOGL is capable of rendering in an applet that
can be run in a browser. Alternatively, the appi@a can be delivered to the user via the JNLP vegbs
technology.

Fig. 4. The bucket is adopting according to the’afecus point (orange). In (a) the user gazaheateft bucket plane
while in (b) the user looks at the lower plane.



5. CONCLUSION

In this paper we present methods to incorporatee-yased manipulation of 2D and 3D views in an
information visualization system. While our curreetup is sufficient for development, a real lijggstem has
to be less obtrusive and more precise. However ttfergaze-focuswe do not require the accuracy of
professional eye tracking systems. Instead we aimtégrate a low cost webcam based eye trackirguiao
in the visualization framework, thus bringing thype of user interaction to a broad public.

Although not yet formally evaluated, the positivatial feedback from our users encourages us to
continue work in that direction.
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