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Abstract: Rapid advances in geographic information systems (GIS) and related technologies
have created a potential for dynamic geovisualization methods to be integrated with GIS in
support of a range of decision-making tasks. Cartographic visualization is then considered as
an extension of spatial analysis, and GIS is configured as a spatial decision support system.
This integration can add a great deal to epidemiologic research and is essential for health
policy planning, decision making, and ongoing surveillance efforts. In this context, this paper
presents a novel methodology to support interactive visual exploration and analysis of
epidemiological data by coupling Mapinfo GIS software with the Gastner area cartogram, a
particular class of map type where some aspect of the geometry of the map is modified to
accommodate the studied problem. The aim of the study is to help improve public health by
identifying areas of exposure and risk on tuberculosis in the city of Oran in Algeria.
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1. Introduction

Tuberculosis (TB) remains among the 10 leading causes of death in the world and is a public
health priority in Algeria (23 000 cases in 2018) ( www.aps.dz 2021). Today it is indisputable
that Tuberculosis is the subject of potential studies by the medical world and particularly by
epidemiologists, whose primary objective is to find solutions through the analysis of statistical
data. Identifying heterogeneity in the spatial distribution of TB cases and characterising its
drivers can help to inform targeted public health responses, making it an attractive approach.

However, common diseases such as tuberculosis are greatly impacted by geographical and
environmental factors, we can contribute to improving public health with geovisualization
solutions by identifying areas of exposure and risk, by providing relevant interpretable visual
informations essential for decision making.

To geovisualize (TB) epidemiological data, we propose in this paper a methodological
approach integrating GIS and anamorphic maps: cartograms. The geographic information
system (GIS) is an effective tool for the organization of diseases and health data. Cartograms
are maps in which the real relationships of enumeration units are distorted based on a
data attribute (Slocum and others 2009) (Field 2017). Cartograms are of two types: area
cartogram (Dorling 2005, 2011) and linear cartogram (Thomas 2018) depending upon the
geographical feature being distorted.
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Cartograms were used mainly for representing population density (Doll 2017) and electoral
votes (Dominique 2005). They are employed to simultaneously convey two types of
information: geographical and statistical.

However, in literature (Bhatt and others 13; Derryn 2014; Nusrat 2016; Loes Soetens 2017;
Tran 2019) Cartograms are also innovative mapping techniques that allow visualization of
potentially complex health relationships but are underutilized in epidemiology. As shown in
(Daniel Sui 2008), it is obvious that the use of cartograms in public health can affect our
understanding of reality, both cognitively and analytically.

In this context, to facilitate public health intervention, to design new tuberculosis (TB) control
strategies, and to identify when TB is transmitted in Oran, the main objective of this research,
is to produce epidemiological cartograms in a form adapted to the perceived reality. In order
to achieve this objective, the proposed approach was defined on a mathematical model based
on Gastner Newman's algorithm and Bertin's graphic semiology.

The paper proceeds with four more sections. The following section, describes a set of
algorithms to construct cartogram. The third section provides methodology for producing
cartogram and discusses important design consideration.  Concluding remarks and future
directions are offered in the final section.

2. Preliminaries :

Several algorithms have been proposed in the literature to build cartograms:

Tobler's Algorithm (Tobler 73, 86, 04), which was based on placing outlines on surface of
variable or attribute being mapped, and repeatedly flatten the distribution based on regular
sampling of the surface. But this method is not so successful as it produced poor shape of the
county boundaries of US states after 99 iterations. Dorling's Algorithm (Dorling 93), replaces
geometric features with circles. The size or radius of circle is proportional to the magnitude of
the attribute being represented. This is for non-contiguous creating cartogram. Dougenik'’s
Algorithm (Dougenik 85), was based on the gravitation concept. The polygons are shrunken
and expanded at centroid to create cartogram. With iterations (approximately 8), the polygons
converge much more rapidly. Other algorithms based on some order in distorting the area of
polygons. Small area to large area or small attribute value to large attribute value. The
disadvantage of these algorithms is that none of them preserved the shape of shape of the
geometric areas. Problems like overlapping regions, lack of readability, coordinate axes
dependence were still persistent.

As a solution to these problems, Gastner and Newman (Gastner 2004) proposed a simple
algorithm based on elementary physics. It is called diffusion algorithm and
cartogram produced is called diffusion cartogram. In this algorithm, the original input map is
projected onto a distorted grid, computed in such a way that the areas of the countries match
the pre-defined values. Cartogram is created by allowing the flow of data from high-density
area to low-density area until the density is equalized everywhere. They express the problem
as an iterative diffusion process, where quantities flow from one country to another until a
balanced distribution is reached, i.e., the density is the same every where. This method allows
for minimal cartographic error, while also keeping regions hapes relatively recognizable. Over
the last decade, this has become one of the most popular techniques to create cartograms. Its
popularity is likely due to its shape recognizability, and the availability of the software to
generate these cartograms (Nusrat 2016).
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3. Proposed Methodology

In this work, we propose a new visualization methodology, by integrating MaplInfo GIS and
cartograms to assist the analysis and the exploration of tuberculosis data (Pulmonary data) set
collected by local health services DSP (Direction de la Santé Publique) in Oran, the second
largest city in Algeria, covering a total area of 2,121 km? with 26 municipality and a specific
region named “Grande Sebkha”. “DSP” in Oran collates a large amount of data generated
from each interaction a patient makes with the health service. This data set includes clinical
information that can be used to analyse geographical trends of tuberculosis based on a history
of four successive years (2014 to 2018).

The proposed method is a decision support tool to facilitate public health interventions and
design new strategies to fight against tuberculosis (TB). The geographic information system
(GIS) will make it possible on the one hand to organize the data of the (TB) to identify and
control the evolution of this one by taking appropriate measures with the discovery of spatial
accumulation of the disease. On the other hand, cartograms are used to simultaneously convey
the two types of resulting information: geographic and statistical. The visualization
methodology is composed of successive steps as shown in the (Figure.1).
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Figure 1: Proposed Methodology

To build cartograms, we have needed not only to bring together the different types of
geographic data in a database, but also convert it into a form suitable for thematic
interpretation. After the pre-processing phase, the recovered data were structured in the form
of geographic databases (spatial and non-spatial data) that we integrated into the Maplinfo
GIS. The result is a map that contains a set of polygons where each polygon represents a
municipality described by a set of data stored in the database. An example of this map for the
cases observed in 2014 is shown in Figure 2.
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Figure 2: Example of TB cases for year 2014

The data set stored in a MapInfo database were then converted to SHP file format to support
the deformations necessary for the construction of the cartogram by the ScapeToad tool. The
deformation of the map is done in four steps. A computational grid is superimposed on the
polygon layer. The value of the studied variable is calculated for each point of the Grid. This
is a "rasterization” step. The grid is then distorted by the Gastner-Newman algorithm
Through a second, finer grid (grid of diffusion), each cell is enlarged or shrunk in such a way
whether the density (value of the variable / area of the cell) is the same for all cells. In our
case Three (03) iterations was necessary to perform this deformation.

4. Results:

The outcomes of the procedure outlined above are given at Figure 3 which offers a series of
cartograms of the number of cases of tuberculosis in the city of Oran during the period from
2014 to 2018. The size of each municipality is proportional to the number of cases reached.

... |\ b

Figure.3: Generated cartograms (a(2014), b(2015), c(2016), d(2017),e(2018))
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In view of the cartogram of the year 2014 we note that the number of cases of people with
pulmonary tuberculosis in the municipality of Oran is clearly higher than that of other
municipalities with 324 cases. The municipality of Bir el Djir being classified second with
168 cases this which justifies the deformation in the cartogram.

In same, the cartogram of 2015 shows an improvement in the number of cases reached. Even
if we note that the number of cases recorded in the municipality of Oran has remained stable,
the improvement is clearly noted at the level of other municipalities, particularly in the
municipality of Bir el Djir which has seen a reduction of more than almost 50% of cases
reached, which involved a slight deformation.

As for the year 2016, the deformation of the Bir el Djir area resurfaced with an increase of
45% of cases, despite the stability of the cases observed in the municipality of Oran, the latter
still remains in the lead with the most important deformation followed by the municipality of
Bir el Djir

In 2017, a slight decrease was observed in the two zones Oran and Bir el Djir, while an
increase was reported in all of the other municipalities.

In 2018, the effort to fight this pathology was clearly observed in all the municipalities with
significant reductions and very slight deformation.

5. Discussions:

In his seminal work on the semiotics of graphics, Jacques Bertin identified several pre-
attentive visual dimensions across which sign vehicles differ, allowing for the theorization of
syntactics for graphic sign systems (Bertin 1967, 1983). The original set of fundamental
graphical elements, termed retinal or visual variables, included: location, size, grain,
orientation, shape, colour hue, and colour value. The absolute quantitative character of a
statistical information is translated by the visual variable size. Cartograms use the visual
variable size to signify the equalizing variable. In our work, to size we proposed the addition
of colour to reinforce the visualization of the information transmitted by the cartogram. The
color as a qualitative variable will make it possible to reinforce the qualitative variable size to
allow a complete visualization of the data. Results are as follows:

T
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Figure.4: New visualization of (TB) Data based on graphical semiology
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These anamorphoses cartograms shown in Figure 4 are more significant than the precedents in
terms of reading and interpretation. So, it is very easy to simultaneously make the link
between the color and the size of the municipality generated generated in order to understand
the change made which corresponds to the evolution of pulmonary tuberculosis.

6. Conclusion

Maps play an important role in geographic communication. They allow large amounts of data
to be displayed in parallel and in a format understandable to humans. Cartograms are a special
class of map type where some aspect of the map geometry is changed to accommodate the
problem. In this work, the proposed a new geovisualization methodology based on GIS and
cartograms.

Cartograms are a powerful visual tool, both for communicating ideas and for facilitating data
exploration. So, the proposed approach would be a great aid to epidemiologic when the
cartogram construction is integrated within GIS for a geovisualization process. It will make it
possible to transform the geographic space into a functional space.
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