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Summary

Maps are very important in many studies related to different fields
including geography, history, education etc. The process of map design
is an important function of a GIS software. The gvSIG project is one of
the open source geospatial tools that can be used in order to visualize
different types of spatial phenomena related to geographic space. The
development of each open source project i1s mainly based on the
contribution of its user's community. The aim of the present paper is to
summarize the fundamental principles related to map symbolization
and to provide some critical indications for the improvement of map
symbolization in gvSIG.
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1. Introduction

The development and the use of a GIS software has a great influence in different
scientific fields and studies. These studies are mainly related to phenomena which are
connected with the geographic space. Generally, GIS systems are differentiated from
other information systems as they are focusing on the spatial entities and their
relationships (Maguire, 1991). Map can be considered as an abstract image of spatial
entities of the three dimensional environment, or simply a “picture” of the ground as it
is referred in Keates (1996). It is obvious that maps, as tools for data visualization,
are very crucial in different aspects of each common GIS software. Therefore, the
process of cartographic symbolization in GIS software must be in agreement with the
principles of map design.

Over the last decades, the GIS software receives wide acceptance as basic tool
for the creation of maps. Additionally, the open source geospatial software seems to
have a great activity in the field (Steiniger & Bocher, 2009) and its applications are
well accepted in many studies (e.g. Steiniger & Hey, 2009; Migliaccio et al., 2010;
Neteler et al., 2012).

The gvSIG project is one of the open source GIS software that is able to be used
for the implementation of map design. The gvSIG software has a wide acceptance in
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different studies, such as forest fire monitoring (Altobelli et al., 2009), hydrological
analysis (Dietrich et al., 2010) etc. Moreover, gvSIG can be used as a training tool
(Arago et al., 2012). Despite this fact, the need of improvement is considered
appropriate as different studies (e.g. Dietrich et al., 2010; Scholz et al., 2011) report
the existence of bugs in gvSIG's functionality. Although gvSIG provides enriched tools
for the process of data symbolization, there are also several additional functions that
can expand its use.

The aim of the present paper is to summarize the principles of map
symbolization process in order to indicate guidelines for the improvement of gvSIG
software's existing tools. Possible adds are reported after a general description of the
functionality and the abilities that the gvSIG' s tools provide for the production of
different map symbols.

2. Visual variables of cartographic design

A map can be either a static or a dynamic (animation) representation of the
geographic space and related phenomena. Considering the standard static map,
symbols can be classified as points, lines or areas in order to represent different
spatial dimensions of phenomena. Additionally, the fundamental list of different types
of spatial phenomena consists of points, lines areas, 2.5-D and true 3-D phenomena
(Slockum et al., 2005). The perceived differences between map symbols are based on
the application of “visual variables” (Slockum et al., 2005). Visual variables were
introduced by Bertin (1967/1983) and they are the basic design elements in map
symbolization. Bertin' s list includes the variables of position (x,y location), size, color
value, texture (spacing), color hue, orientation and shape. An example of the
application of visual variables for different type of symbols (points, lines and areas) is
presented in Figure 1. Visual variables are able to depict different types of data scales
including nominal (e.g. point symbols that represent locations of hotels, shopping
centers, restaurants etc), ordered (e.g. small, medium, large values of a phenomenon)
and interval/ratio (e.g. different values of population density) differences. In Table 1
the effectiveness of each visual variable, in the visualization of different data scales, is
summarized. As it is obvious from table 1, each variable has different abilities in map
visualization. More extended descriptions about the function of visual variables and
their role in map design are cited in many studies (e.g. Green, 1998; Carpendale,
2003; Deed et al., 2011).

nominal ordered interval/ratio
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texture (spacing) | EGTEIN
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Table 1. The effectiveness of Bertin' s visual variables.
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Figure 1. The basic visual variables in cartographic symbolization (after Bertin 1967/83 modified).

3. Data classification

In many cases, cartographers use the visual variable of color value in order to depict
quantitative data on a thematic map. A significant problem arises here on how
humans are perceiving the visual variable of color value. Specifically, the human eye
can effectively discriminate no more than five to eight different shades of a color.
Thus, cartographers ought to classify the numeric values before depict them on a map.
There are many methods for classifying data values. Classification methods are well
summarized in many studies (e.g. Kraak and Ormenling, 2003; Slockum et al., 2005).
A brief description of the most common ones are presented below.

» The equal intervals classification: According to this method, the range between the
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lowest and the highest value of the numerical data is divided into sections of equal
width. The number of sections is predefined and corresponds to the number of
classes the cartographer wants to generate. The technique is suitable when the data
are uniformly distributed.

* The mean standard deviation classification: The method is appropriate for numerical
data that show an approximately normal distribution. The distribution’s
parameters, that are the mean value and the standard deviation of the numerical
data, are used for the definition of the limits of the generated classes.

» The quantiles classification: In this method, the cartographer defines the number of
generated classes. The observations of the numeric data are sorted in ascending or
descending order. The classes are derived by placing the same number of
observations in each class. Quantiles are suitable for ordered data.

» The areal equal intervals classification: In this method, the area of the surface
referred to the data is used as the classification measure. The numerical values are
classified in ascending or descending order. The limits are determined in a way that
each class to include equivalent in area observations.

» The maximum breaks classification: In this method, the numerical values are sorted
in ascending order. Then the difference between each neighboring value is
calculated. The largest value differences define the class limits. The cartographer
chooses the “n” largest value differences in order to generate “n+1” number of
classes.

» The natural breaks classification: In this method, the cartographer uses logical and
subjective criteria in order to group the numerical data. Two principles that are
usually taken into account are to minimize value differences between data within
the same class and, at the same time, to emphasize the differences between the
classes.

Regardless of the classification method the cartographer should take into
consideration: (a) All data values (including the minimum and maximum) must be
included in the process. (b) Each data value must belong to one class. (¢) Each class
must contain at least one data value. (d) The classes should be homogeneous. In other
words, the data values must be divided in reasonably equal groups of observations. (e)
The number of classes must be great enough to be useful, but limited to make the map
easily readable. For example, suppose that a cartographer has to represent a numeric
data phenomenon (e.g. population) for the 14 regions of Central Greece. If he/she
divides the numeric data into ten groups, the produced map is ineffective in
cartographic terms. As shown in Figure 2a, it is difficult for the reader to discriminate
the ten color values used to depict the ten classes. On the other hand, it is also
ineffective to generate two classes (Figure 2b). As shown in Figure 2c, a
cartographically effective map could be produced if he/she chose to classify the
numeric data into five groups. () The purpose and the audience of the map should be
taken into account.
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Figure 2. Example of classifying the same numeric data into different number of classes.

4. Map symbolization in gvSIG

The gvSIG software provides a large number of data analysis and representation
tools. Regarding to the data classification process, the gvSIG software supports the
Equal, the Natural and the Quantile Intervals methods. These techniques satisfy a
wide range of classification needs. Nevertheless, it would be useful to add some
commonly used techniques in the platform (e.g. the maximum breaks or the areal
equal intervals), in order to provide a wider range of preprocessing tools. In addition,
it 1s important for the user to know the theoretical background of the method he/she
applies. Thus, it would more practical if a short description of the applied method is
accompanying each tool.

When a user implements the data classification tools in order to classify and
depict areal phenomena that are differentiated in ordered or interval/ratio scale (for
example the population of the seven regions of Peloponnese, as shown in Figure 3), the
gvSIG platform visualizes automatically the outcomes. It produces a choropleth map
like the one shown in Figure 3a. This map is cartographically ineffective, as long as
the color hue is not the proper visual variable to represent interval differentiated
data. However, the platform provides the ability to depict the data using the visual
variable of color value, so as to create an effective map, like the one shown in Figure
3b. It would be more effective, in similar cases the gvSIG platform to utilize
automatically (by “default”) the color value as visual variable. A very helpful site that
could be easily linked in the gvSIG software is the following: http://colorbrewer2.org/.
It contains advices of how to use the color in order to represent classified data during
the map making process. A full description of this on line toolbox can be found in
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Harrower and Brewer (2003).
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Figure 3. Ineffective (a) and effective (b) representation of interval differentiated data.

The same drawback occurs when the gvSIG’ s user wants to visualize spatial
phenomena with point nature, differentiated in ordered or interval/ratio scale. The
platform visualizes by default the outcomes using the color hue as visual variable. As
mentioned above, it would be more effective if the color value was automatically used.
Another visual variable that is considered the most suitable for the depiction of
similar phenomena is the size of the symbol. The gvSIG platform enables the user to
change manually the point symbol’s size. However, there are specific methods, such as
the method of square roots or its extension the Flannery' s method (Flannery, 1971),
that compute the size of the symbol according to the data numeric values. It would be
useful if such techniques were included and executed automatically in the gvSIG
software.

5. Conclusion

The gvSIG software provides the opportunity of map design as it consists of a variety
of options for the creation of different symbols. The present study reports several
issues about the theoretical framework that can be used for the implementation of
map symbolization. More specifically, the main principles for the process of map
design and symbolization are cited. Thence, some suggestions which can be
implemented in gvSIG platform in order to improve the process of map symbolization
are provided. The fact that gvSIG software has an open source approach is very

important as it can be improved with the contribution of different users from different
fields.
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