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Abstract
The paper introduces a methodology to capture ideas and relevant background knowledge
of the user evolving from the interactive manipulation with data analysis software.
Observed patterns are highlighted and annotated with the use of intuitive techniques.
Observations, hypotheses and ideas are represented as structured collections of annotated
states of the process of analysis.

INTRODUCTION
The amount of data is constantly growing. But valuable information is often hidden or
spread in it. The task to recover this information, make an essence of data, extract
knowledge was always challenging. Various approaches are used for this task. For some
sort of data sets, especially for georeferenced data, one of the widespread methodologies is
exploratory data analysis. The main concept of this method is to present data in an
appropriate visual way so that a user can see general properties and notice hidden
characteristics of data (Cleveland, 1983). Trying more and more visualizations for analyzed
data, the user builds his or her understanding of different aspects and abstraction levels of
data. Moreover, the user applies his or her knowledge about the problem domain for data
transformation and evaluation of revealed patterns. Such a technique, especially when the
way of data presentation can be modified dynamically, proved to be highly effective for
various tasks of data analysis and decision support.

In our team SPADE an exploratory data analysis tool CommonGIS is being developed. It
can process data from various sources, link geographic objects with statistical information,
apply visualization methods to explore properties of data, make calculations and derive
thematic attributes from spatial elements (Andrienko and Andrienko, 1999, 2001). Most of
visualization techniques in CommonGIS are highly dynamic, so that a user can change
parameters of visualization in real time and immediately see a new representation of data.
The map and statistical displays are linked together, showing data from different
perspectives at the same moment. All these features make CommonGIS a very powerful
tool for data exploration, analysis and decision support.

There are some weak points in present analytical systems. The most important is that ideas
and knowledge are formed in user’s mind. It is user’s duty to memorize his or her
observation, explain the phenomenon and apply gained knowledge for further analysis.
Obviously, observations can be forgotten or distorted and cannot be passed to another user
working on the same or related task. It is also important to have a possibility to return to
previous observations to compare phenomena or trace their relation, use observation in
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group work and get system’s assistance in analysis tasks. For successful utilization of data
analysis methods there is a strong need to express user’s observations, ideas and knowledge
in some tangible way.

OUR APPROACH
In this work several methods are proposed to help a user preserve his or her observations
and link them to the knowledge about the data. First, the actions and visual representation
of data that led the user to some ideas should be preserved. During exploratory data
analysis a user continuously tries various presentation methods for data to find the one that
reveals some information. When such a presentation is found, it should be stored and
annotated. The user makes a snapshot of a system’s state. Each snapshot contains all
presentation elements and preserves their parameters used by the system at that moment
together with user’s annotations added to describe discovered pattern. These snapshots can
be loaded at any time later taking the system to the exact state when the snapshot was
made. Thus, snapshots mark the path the user traversed analyzing data.

To make a snapshot more useful, the user should add notes and comments to the snapshot
and highlight observed pattern, making it possible to another person to understand the idea.
The goal is to let the user express his or her observations in a natural way. The user simply
draws on a display, encircles objects or highlight properties of data. It is natural for the user
to encircle some areas or objects with interesting parameters for further investigation of the
phenomenon – for example, a cluster of similar values or some exception to the rule. The
system can analyze such actions and transform them to annotation elements.

All gathered observations are stored in a special container where the user can browse his or
her observations, edit them, specify relations between observations and also query database
of observations to find the ones with specific properties. For instance, the user can collect
several observations of co-occurring events, mark alternative hypotheses explaining the
processes, add links to general theories explaining observations or highlight observations
that contradict to them.

To illustrate this approach, let’s look at two choropleth maps of Portugal (Figure 1). Color
shades show proportion of population in the age group of 65 and more years in each district
of the administrative division. If we split the range into two parts of high and low values
and use different colors for each part we can observe several characteristics of the whole
data set. The first map shows two clusters of low values around districts of Porto and
Lisboa. The user encircles these clusters and note that there are large cities in these regions.
Choosing another splitting point for our diverging color scale we can notice rather strong
contrast between coastal parts of the country and the territories more distant from the sea.
To highlight this observation, the user draws a line splitting the map in two parts.

CONCLUSION
The proposed methodology can make interaction with data analysis software more easy,
allow the user to preserve, share and discuss observations, ideas and knowledge gained
during data exploration.
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Figure 1. Left picture: annotated map shows clusters of low values around districts Lisboa and Porto in Portugal.
Right picture: Coast-inland contrast in distribution of a phenomenon.

The further development of the method includes deeper integration of annotations with
visualized data that contain interesting patterns observed by the user. The system should
analyze data the user refers to making an annotation and form metadata for the observation.
Since it’s often impossible to unambiguously guess user’s idea, the system should provide
the information it gathered analyzing user’s input and let the user finalize his or her idea.
The system presents annotations in a structured form where the user can edit various
properties of observation such as type, importance, objects or area of interest, and so on.

The implementation prototype of the proposed method is incorporated into the
CommonGIS system – a tool for interactive visual analysis and decision making. It is freely
available for research and educational purposes at the URL www.commongis.com.
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