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ABSTRACT
In information visualization, as the volume and complexity
of the data increases, researchers require more powerful vi-
sualization tools that allow them to more effectively explore
multi-dimensional datasets. In this paper, we show a novel
new visualization framework built upon the spreadsheet meta-
phor, where each cell can contain an entire dataset. Just as a
numerical spreadsheet enables exploration of numbers, a vi-
sualization spreadsheet enables exploration of visualizations
of data. Our prototype spreadsheets enabled users to compare
visualizations in cells using the tabular layout. Users can use
the spreadsheet to display, manipulate, and explore multiple
visual representation techniques for their data. By applying
different operations to the cells, we showed how visualiza-
tion spreadsheets afford the construction of ’what-if’ scenar-
ios. The possible set of operations that users can apply con-
sists of animation, filtering, and algebraic operators.
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INTRODUCTION
Visualization research spans a remarkable range of scientific
disciplines and corresponding visualization techniques. Vi-
sualization researchers have discovered that certain operations
are needed across this entire range. These operations include
comparing visualizations of two different datasets, as well as
performing algebraic operations between two or more visual-
izations, such as visualizing the differences between two data-
sets. Furthermore, the need to explore multiple visual repre-
sentations simultaneously arises especially in information vi-
sualization, because different techniques often extract differ-
ent visual features and the complexity of the data. A visual-
ization spreadsheet is an ideal way to address these issues that
involve multiple visualizations.

Spreadsheets have proven to be highly successful tools for
interacting with numerical data by applying algebraic oper-
ations, manipulating rows or columns, and exploring “what–
if” scenarios. Spreadsheet techniques have recently been ex-
tended from numeric domains to other domains [3, 2, 5]. Here

Figure 1: Visualization of 3D random point generation
and Delaunay triangulation of the resulting point set. The
columns visualize the outcome of the algorithm after 5, 6,
25, and 50 steps, respectively. The last row shows the re-
sult of several addition operations. For example, Cell (4,4)
shows the result of adding all of the cells in Row 3 together,
resulting in a visualization that shows the progress of the al-
gorithm by representing the steps using colored tube edges.

we show a novel spreadsheet framework designed to support
cells containing complex datasets, viewed through powerful
informationvisualizations, withconstraints between cells link-
ing both data and view attributes.

By studying a spreadsheet approach to the display and ex-
ploration of scientific and information visualizations, we can
build upon current interaction methods by consolidating all
the operations under one paradigm. In this demonstration, we
present two prototype systems to illustratesome of the impor-
tant capabilities offered by the spreadsheet paradigm. We dis-
cuss how spreadsheet techniques can provide a structured, in-
tuitive, and powerful interface for investigating information
visualizations of abstract multidimensional datasets.

VISUALIZATION SPREADSHEET
In this demonstration, we will demonstrate the utility of the
spreadsheet paradigm using two prototype spreadsheets. One



prototype visualization spreadsheet is built on top of VTK [4]
and Tcl/Tk, and has several advanced capabilities such as user-
defined operators and script language support. This proto-
type, which we call the Spreadsheet for Information Visual-
ization (SIV), is shown in Figure 1.

Here we show how a spreadsheet can be used to visualize sev-
eral steps of the 3D Delaunay triangulation algorithm. This
example shows how algorithm visualization can be supported
in our visualization spreadsheet. The columns show the re-
sults of the algorithm after 5, 6, 25, and 50 steps, from left to
right respectively. The layout is accomplished by loading in
a 25 line script that describes the content of each cell and how
they are inter-related.

We can utilize multiple visual representations to enhance the
comprehensibility of the visualization. Even though each cell
in Column 1 represents the same point set, each cell shows a
different view of the data, and extracts different visual fea-
tures. Row 1 shows the point set using 3D scatter plots. Row
2 shows the same data using transparent tetrahedra after 3D
Delaunay triangulation has been performed on the point sets.
Row 3 represents the tetrahedra using edges between vertices.
The last row aggregates several cells together to form new vi-
sualizations. For example, cell (4,1)=(3,2)+(3,1)+(2,2)+(2,1).

The combination of geometries from several cells results in
visualizations that show differences between successive steps
of the algorithm. The aggregation is performed using an addi-
tion operator that adds the geometric content in several cells.
Subtraction between cells is also available.

Another prototype, shown in Figure 2, is built for viewing
biological sequence similarity reports. The cells are loaded
with similarity data for genetic sequences. Each comb glyph
within a cell represents an alignment, which is region of sim-
ilarity between the input sequence and a sequence from the
database [1]. The prototypeimplements domain-specific sub-
traction and addition operators to enable users to compare and
contrast between different datasets.

The user can explore the data further by such means as in-
teractively rotating, translating or scaling the representation,
following a hyperlink to the textual report, mapping the data
into a different geometric representation, animating the infor-
mation over a variable, and filtering the data. The animation
tool providesaccumulative, or sliced animation over any vari-
able [1], and adds an extra dimension to the spreadsheet. A
synchronized animation can be performed on a group of cells
simultaneously. The filtering tool enables the user to explore
subsets of the data. When the user interactively adjusts slid-
ers controllingeach variable, the view is updated in real-time.
The mapping tool enables the user to select the variable that
she wishes to be represented on the scatter plot axes. Having
these capabilities inside the spreadsheet environment enables
a wide range of different exploration tasks.

Figure 2: A screen snapshot of the first system
(SSR) after performing three operations. (Step 1) Ini-
tially, we loaded each column with a slightly different,
but related, dataset (A1=B1=C1=D1, A2=B2=C2=D2,
A3=B3=C3=D3). (Step 2) We selected Row B, and
then subtracted cell A3 from it (B1=B1-A3, B2=B2-A3,
B3=B3-A3). Cell B3 contains the empty set as ex-
pected. (Step 3) We changed Row C and D to show
different views of Row A. The views show different
sets of variables using a different representation, thus
increasing our ability to see other dimensions of the
multivariate datasets simultaneously.
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