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ABSTRACT

We present a model and prototype system for tracking user inter-
actions within a visualization. The history of the interactions are
exposed to the user in a way that supports non-linear navigation of
the visualization space. The interactions can be augmented with
annotations, which, together with the interactions, can be shared
with other users and applied to other data in a seamless way. The
techniques constitute a novel approach for documenting informa-
tion provenance.

CR Categories: H.5.2 [Information Interfaces and Presentation]:
User Interfaces—Interaction Styles; H.5.4 [Information Interfaces
and Presentation]: Hypertext/Hypermedia—Navigation;

Keywords: interaction, visualization, user tracking, provenance

1 INTRODUCTION

Visualization research is frequently presented in terms of a graphic
image of a visual representation, along with a verbal description
of what the observer should recognize. In addition to the visual
results, the systems and operations performed against the data are
reported. However, the process-related details and, in particular, the
specific path through the visualization that lead to the discovery of
interesting information is rarely reported.

We present a method for tracking the process of discovering in-
formation from visualizations. The method is based on a model
of interaction that is based on directed graphs. The corresponding
interaction graph articulates with user annotations and is imple-
mented as an XML document that facilitates the sharing of what
(and how) the user discovers from their data.[7]

This research is focused on process related activities of the
knowledge discovery process [6] and the data visualization pipeline
[12, 11, 3]. Research that specifically looks at the tracking of user
interactions within a visualization environment include [9] and,
more recently, [8]. These previous efforts are particularly relevant
to our work at the conceptual level. Where we differ from them
is in the capturing of meta-information, such as annotations, along
with the interactions.

In a broader context, we consider this research to be a fundamen-
tal contribution to developing solutions for an emergent research
area: information provenance. Problems in knowledge and data
provenance[2, 1] are gaining interest, with broad applications to
the advancement of scientific discovery [10].

Provenance is a term that refers to the lineage of an item. While
some people associate the term with artwork, and the lineage of
who owned, or possessed the piece, we use it in the context of the
information discovery process. The model that we are presenting
supports provenance by fully documenting the discovery process.
The prototype demonstrates how users can interact with the history
r
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of interactions and capture annotations in the same context. Con-
ceptually, the model separates the interaction from the data. This
allows for the exchange of not only the result of a visualization, but
precisely how the result was achieved. Another user may take the
interaction data and use it against a different dataset, to see how
general the technique may be.

2 INTERACTION TRACKING

The tracking model is based on directed graphs, with nodes signi-
fying measurable states of the visualization system, and edges de-
noting transitions between the states. The states of the system are
generically captured in the model, leaving it up to the implementa-
tion to define the specific contents of the state and transition infor-
mation. For example, as described in [8], the transitions might con-
tain discrete interactions, such as zoom, rotate, translate, or other
interactions as described in [4]. Pictorially, the graph can be de-
picted as shown in the example in Figure 1.
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The interaction graph is exposed to the user as an additional
panel, as shown in Figure 2. A closeup view of the interaction
graph display is shown in Figure 3.

Each node contains the information necessary to set the state of
the visualization, as well as user annotations. Note that the contents
of the nodes may vary based on the visualization system, while the
structure of the interaction graph is independent of the system. In
the case of our prototype system, we record the 4 � 4 transformation
matrix of the 3D space. This allows the system to be set instanta-
neously to any previous view in the interaction history.

It is worth pointing out that there is no restriction in the model
for branching, or non-linear behavior represented in the interaction
graph. However, in order for the model to support non-linear be-
havior tracking the model manager must keep track of where the
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user is relative to the interaction graph. The prototype supports this
feature by creating branches in the graph if the current state is not a
leaf node.

Annotations are created through the interaction graph interface -
not through the visualization system. This separation is further ex-
ploited in [5], in which distributed annotation occurs through tablet
PC’s allowing users to capture annotations in digital ink. At this
time, we support three modes of annotation: typed text, voice, or
digital ink.
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In addition to the direct manipulation features of the interaction
graph user interface, we support a variety of data management ca-
pabilities. FOr example, users can save the graph to an XML file.
Naturally, the user can load a saved interaction graph. What is most
interesting about this capability is that the user can load graphs from
previous explorations and replay them against different datasets.
The files can be shared with other users in support of collaborative
projects.

Because our prototype stores the transformation matrix we sup-
port interpolated tours of the space, in which the user selects a start-
ing and ending location. Additional capabilities include user prun-
ing of the graph. For example, the user can delete single nodes,
prune entire branches, or collapse the the complete graph into a
graph containing only those nodes with annotations.

3 CONCLUSION

Due to the highly interactive nature of visualization systems, a user
cannot be expected to fully document each of their interactions.
Consequently, there is a need for visualization systems to maintain
user trace data in a way that enhances a user’s ability to communi-
cate what they found to be interesting, as well as how they found it.
We have presented a prototype system that demonstrates how the
history of interactions can be recorded automatically, and subse-
quently navigated. The approach improves the knowledge discov-
ery process, and provides a capability for recording the provenance,
or lineage, of information garnered from interactive visualizations.

Our future efforts include the development of collaborative in-
teraction tools that track multiple users’ explorations of visualiza-
tions. Such systems will support comparison of explorations, which
will yield better understanding of how users search through visual
representations. We are also working with chemists to focus on
domain-specific implementations.
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