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Abstract
Symbolic data is a second level data to express a concept or a group of
individuals, and is typically described by intervals, histograms or barcharts
as values of variables. Note that these values indicate information about
the marginal distribution of each variable. We consider the case where all
individuals in a group are available and we can calculate any statistics which
express information about the joint distribution of variables. We call such
summarization of a group as aggregated symbolic data.
We consider the visualization of aggregated symbolic data described by
means, standard deviations and correlation coefficients of variables. We used
an extended parallel coordinate plot for visualizing these statistics of groups
at the same time. Simply visualizing all correlation coefficients is, however,
sometimes complicated and difficult to interpret. In order to overcome this
difficulty, we propose using principal components of variables in a group
for visualizing aggregated symbolic data. We have developed an interactive
statistical graphics software that has interactive operations such as selection
and linked highlighting to visualize aggregated symbolic data intuitively.
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1 Introduction
Symbolic data [1, 2] was proposed to describe a second level data such as a concept
or a group of individuals. This idea is especially useful for describing huge data
set which is often divided into some groups naturally and can be used as means of
data reduction. Typical symbolic data takes intervals, histograms or barcharts as
values of variables, which give information about the marginal distribution of each
variable. We consider the case where all individuals in a group are available and we
can calculate any statistics which express information about the joint distribution
of variables. We call such descriptive statistics of a group as aggregated symbolic
data. One natural aggregated symbolic data is the set of means, standard deviations
and correlation coefficients of variables in a group. In this paper, we consider
visualizing such aggregated symbolic data.
For visualizing typical symbolic data, several techniques are proposed [2]. We
have already developed a statistical graphics to display them [6] by using a parallel
coordinate plot [3]. We proposed to use several parallel coordinate plots to express
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means, standard deviation and all correlation coefficients of variables directly. We
have developed a statistical graphics software that has interactive operations such
as selection and linked highlighting to visualize aggregated symbolic data intuitively. We use Jasplot (Java based statistical plot) software [4] to realize our
graphics.
Visualizing all correlation coefficients simply by many parallel coordinate plots
is, however, sometimes complicated and difficult to interpret. In order to overcome this difficulty, we propose visualizing the information of principal component scores in this paper. Principal components sometimes simplify the second
moment structure among variables.

2 Simple visualization of aggregated symbolic data by parallel coordinate plots
We propose to use means, standard deviations and correlation coefficients of variables to express a concepts or a group of individuals. Such aggregated symbolic
data is visualized by a statistical graphics using parallel coordinate plots [6]. One
example is shown in Figure 1. The parallel coordinate plot at the bottom line shows
the mean and the standard deviation of each group by the location on the axis and
the length of the horizontal bar, respectively. Upper parallel coordinate plots put in
triangular shape show correlation coefficients of each group. Note that the number
of variables here is 10. Just like a usual parallel coordinate plot, interactive operations such as selection and linked highlighting are useful to identify the information
of particular aggregated symbolic data.

Figure 1: Graphics for simply displaying aggregated symbolic data: 10 variables
When the number of variables increases, this graphic becomes very complicated and difficult to understand, because the number of correlation coefficients
increases rapidly, more precisely, in the order of the square of the number of variables. Figure 2 shows the example where the number of variables is 53. In this
case, it is difficult to grasp the characteristics of symbolic data, even if we use
interactive operations.
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Figure 2: Graphics for simply displaying aggregated symbolic data: 53 variables

3 Visualization of aggregated symbolic data by parallel
coordinate plots and principal component analysis
We know that variation information of data sometimes becomes easy to see if we
use principal component analysis. Variation information of data is typically expressed by the second moment of data, in other words, the covariance matrix or the
standard deviation and correlation coefficients. We also know that a few principal
components are sometimes sufficient to express the main variation of data.
In aggregated symbolic data, it is easy to calculate principal components for
each aggregated symbolic data, that is, the group of individual data. We assume
that each symbolic data has similar, but slightly different characteristics. In such
a case, the principal component structure acquired from all the individual data is
expected to be close to the principal component structure of each group. Therefore,
we apply principal component analysis to all the individual data, and calculate principal components for each group by using the results. It must be useful to express
the variation of individuals in each group. We consider using parallel coordinate
plot to show the information intuitively.
As the first step, we use parallel coordinate plots to express principal components for traditional real valued data. An example of our graphics is shown in
Figure 3. The bottom parallel coordinate plot expresses information of each variable, and the second top parallel coordinate plot shows principal components. The
top parallel coordinate plot shows proportion of variance and cumulative proportion for each principal component (Scree plot). The third top horizontal axes show
factor loadings of each variable for each principal component.
Then, we extend the graphics to aggregated symbolic data in the same way of
the extension for the parallel coordinate plot to aggregated symbolic data in the
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Figure 3: Graphics for displaying traditional data using PCA
former section. Figure 4 is one example of our graphics for displaying aggregated
symbolic data.
The location on the axis shows the mean of data in the group and the length
of the vertical bar shows the standard deviation of data in the group. We also
add parallel coordinate plots for displaying information of correlation coefficients
put in the triangle shape under the parallel coordinate plot that shows means and
standard deviations.
The aggregated symbolic data shown by Figure 4 come from the ”minryoku
data set” which is a regional data collection in Japan. Here groups or aggregated
symbolic data are 47 prefectures in Japan. Note that several aggregated symbolic
data are highlighted in different colors to make them easy to see. Seven prefectures highlighted in blue have a large number of young people. Two prefectures
highlighted in red are rural prefectures and have a large number of old people.

4 Conclusions
If the number of individual observations is huge, even a high-speed computer requires considerable time to perform interactive operations on statistical graphics.
Aggregation operations can be one remedy for this difficulty. Aggregation means to
summarize the information in a group of data by the less number of values than all
the variable values for individual observations. Such aggregated symbolic data is
useful and indispensable for data reduction of huge data. When we have aggregated
symbolic data, we want to grasp characteristics of each aggregated symbolic data
intuitively. For this purpose, visualization is a simple and effective technique. We
propose an extension of the parallel coordinate plot to show aggregated symbolic
data which is expressed by means, standard deviations and correlation coefficients.
We also propose to clarify the data structure by using the principal component
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Figure 4: Graphics for displaying aggregated symbolic data using PCA
analysis and to show the result by the parallel coordinate plot at the same time.
The graphics proposed here with interactive operations was useful to show some
characteristics of one real data set.
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