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ABSTRACT 

This paper describes a proposal for a three-dimensional cartographic representation of a social network. 

This proposal is a possible solution for an investigation problem of how to establish a digital data structure 

and visual (thematic) representation considering that social network analysis needs to be based on graphs 

and their structure and spatial position of their actors be preserved. Our proposed solution of this problem 

is to define 3 different approaches: 

1) a traditional thematic map at a suitable scale to depict a whole network; 

2) some thematic representations at different scales, and therefore generalized, which would be viewed on 

a computer screen as a result of an interactive map; 

3) and a GIS implementation for bi-dimensional (2D) and three-dimensional (3D) representations of the 

actors and their relationships in a social network. The 3D representation approach is a combination of 

graphs and thematic maps. The results showed us that this approach would minimize the disadvantages of 

both graphs and cartographic solutions for social network analysis. 

BACKGROUND AND OBJECTIVES 

A solution for a three-dimensional (3D) cartographic representation of a social network is described in this 

paper. This social network is composed of actors that are government institutions, non-government 

organizations (NGO) and private companies. Those actors' role in this social network is always related to 

providing poorer people with one of the six social rights, which are: housing, health, education, labor, food 

and social assistance. Consequently they are called social security networks (Delazari, Sluter e Kauchakje, 

2007). 

Social networks are formed by social entities that share functions, purposes or perspectives. When any 

social organization is analyzed as a network the entities are defined as actors and their relationships as 

channels for transferring the resources (either material or non-material). Actors can be discrete individuals, 

as well as corporate or collective social units and they are linked to one another by social ties (Wasserman, 

S. and Faust, K. 1999)(Contractor, Wasserman and Faust, 2006). 

The 2D and 3D cartographic representation described in this paper depict a social network formed by 

actors which geographic locations are in the Curitiba city, capital of Parana State, Brazil. Today the 

connections between the network actors are established by communication technologies, specially the 

INTERNET. In this paper we describe a 3D cartographic representation of a health security network which 

actors use INTERNET to communicate to each other. Therefore, the data were collected from INTERNET 

sites in order to identify the organizations that are involved in social policies for health security. 

Afterwards the characteristics of the connections between actors were identified in order to understand 

their role in the network (Delazari, Sluter e Kauchakje, 2007). 

Several social problems can be better understood from network analysis. Social network analysis is based 

on graphs that can be represented as matrices (Wasserman, S. and Faust, K. 1999). Graphs representations 

or matrices structures, however, do not take into account the spatial location of actors and their 

relationships. Consequently, the network attributes are not spatially represented, so it is not possible to 

analyze and understand their spatial structure. 

Although acquiring knowledge of great importance is possible from studying graphs that represent a social 

network, some of the users' necessities, who are social scientists, demand for spatial analysis of the actors 

and their relationships. Some of those spatial analyses are: 

a) To identify actors' proximity and neighborhood relationships which is possible only by cartographic 

visualization; 

b) To identify actors' concentration in specific regions which can lead to important conclusions about the 

reasons why some geographic regions are better assisted than others, and consequently, to better plan the 

location of some new actors in regions without social assistance; 



c) To verify the relationship between the actors' characteristics and the geographic locations and which 

regions are supported by governmental or non-governmental organizations or both; 

d) To visualize distances and orientations between the actors based on the geographic representation of 

their links; 

e) To identify the geographic concentration of the network actors at different levels of scale of analysis: 

municipal, state, national or even worldwide. 

Considering that network analysis needs to be based on graphs theory, the problem is how to establish a 

data modeling and visual (thematic) representation for social networks on the condition that spatial actors’ 

positions and relations be preserved. Applying thematic mapping and geovisualization solutions to 

cartographic representation of social networks make the knowledge of the proximities of actors and their 

spatial relationships characteristics possible by developing spatial data exploration. Moreover, the thematic 

mapping of actors’ attributes allows the analysis of clustering and diffusion, tendencies, regions of 

influence, and so on. The importance of spatial analysis for social network studies leads to our main 

research objective which is to propose some possible solutions for 3D cartographic representations suitable 

for interactive maps and GIS analysis. 

Since the literature on cartography does not describe any research that aimed a solution for mapping social 

networks, as defined in this paper, we decided to create some paper maps, and therefore, to develop a 

conventional map design (Marchis, 2008). The map scale was defined based on a minimum distance on the 

map between the two closest actors and the size of Curitiba city. These two criteria guarantee the 

cartographic representation of every network actor that is geographically located in Curitiba and, at the 

same time, the entire area of the city. The resulted scale was 1:70,000 and part of one of these maps is 

illustrated in Figure 1. The base map of these paper maps was defined as the representation of the district 

boundaries. 

 
Figure 1 – Part of a map at 1:70,000 original scale of a social security network in the Curitiba city 

(Marchis, 2008) 

The results of the paper maps design demonstrated the possibility of using geographic information system 

(GIS) for social network analysis. Although the number of different tools for spatial analysis, and therefore 

the great advantage of a GIS over paper maps, the maximum size of every map is limited to the size of the 

computer screen. Consequently it was necessary to use map generalization techniques for every generated 

map. So, the second phase of this research project was intended to develop a method to generalize thematic 

representations of social network (Pombo and Sluter, 2010). Figure 2 illustrates a thematic map at an 

approximated 1:270,000 scale that depicts the health security network, originally represented at 1:160,000 

scale, without generalization. Figure 3 shows the same social network at the same map scale but as a 

generalized map. 

The approach for a 3D cartographic representation, described in this paper, is based on the analysis of the 

advantages and disadvantages of 2D generalized maps and graphs representations for social network. The 

main aspects of the proposed method for the creation of a 3D cartographic representation for social 

networks are described in the following item. 



 
Figure 2 – 2D map of the health security network in a GIS screen without generalization (original map 

scale is 1:250,000) (Pombo, 2009) 

APPROACH AND METHODS 

Social Network Representations 

Conventional approach 

The importance of cartographic representations for social scientists when they study social network 

characteristics can be understood by comparing them to graphs and matrix representations. The 

possibilities of analysis depend on the software's capabilities for generating and manipulating these 

representations. Two of the most popular softwares used by social scientists for social network analysis are 

UCINET (http://www.analytictech.com/ucinet/) and Pajek (http://pajek.imfm.si/doku.php?id=pajek). Each 

one of these softwares has been designed and implemented based on theories and techniques developed by 

social scientists. This is one of the reasons the users of the thematic maps, created in this research project, 

had used UCINET software until we proposed to depict the geographic locations of the actors and their 

relationships. 



 
Figura 3 – 2D generalized map of the health security network (original map scale is 1:250,000) (Pombo, 

2009) 

UCINET is probably the most known and frequently used software for the analysis of social networks. It 

contains a large set of tools for centrality and proximity measures, subgroup identification and role 

analysis. The analysis results can be complemented by scatterplots, dendograms and trees. The network 

measurements are based on the condition that the position of every actor is only constrained by its 

relationship, and therefore its link, to other actors. This condition is a consequence of graphs theory 

(Figure 4). Consequently it is possible to change the actors position without changing the network 

structure when the actors linkages are kept unchanged. A software as UNICET allows its user for 

interactively moving any actors and, at the same time, keeping the actors relationships (Figure 4). 

From the point of view of graphs theory a social network can be built and manipulated using a software 

like UCINET independently on the number of actors, which can be 10, 100 or 1000. As mentioned before 

the only condition is the software capability to handle the actors' linkages. However graphs representations 

do not allow social scientists for the analysis of the network spatial behavior. The representation of the 

actors' geographic location eliminates the possibility of interactively moving the actors from one position 

to another. This condition either restricts the number of actors of a network in a geographic area or 

demands for cartographic generalization, when the map is bi-dimensional. 



 
Figure 4 – A social network represented by graphs generated by UCINET software 

Cartographic representations 

The solution described in this paper for the cartographic representation of a social network combines 

graphs characteristics with 3D representation. Therefore we decided that the main and essential conditions 

for building a 3D geographic network are: 

• the actors can move in position under a condition that their linkage does not change; 

• at the same time, the representation of their planimetric location does not change; 

• the cartographic representation is not generalized, which means that every actor must be represented 

independently on the predefined map scale on the computer screen. 

Taking into consideration the first and the third conditions for a 3D vector structure the actors are 

represented by points, as the nodes of graphs, and for some of them the third spatial coordinate (Z) is 

different from zero. On a bi-dimensional map the position of every actor is defined by a pair of coordinates, 

which means that the Z coordinate equals zero. When the Z coordinate varies in value, the network node is 

not on the ground anymore, instead there is a distance between the node position and the terrain. Figure 5 

(a) illustrates all the nodes on the ground and Figure 5(b) shows the Z coordinate variation for some 

network nodes. 



 
Figure 5 – (a) All the actors are represented on the ground and (b) some of the actors are represented 

above the ground, the base map depicts part of the city district boundaries. 

This approach solves the generalization problem but it can nullify the second condition since the users can 

lose the geographic location perception for the actors represented above the terrain. The second condition 

problem was resolved by using symbols that resemble a pinpoint map. The pin symbol is an aggregation of 

a sphere and a line. The sphere position is defined by the network node horizontal coordinates and a Z 

value, and a line connects the sphere to the geographic position on the ground (Figure 6). 

Taking into consideration that this paper describes a first experience in representing the geographic 

locations of the actors and their relationships of a social network we decided for the development of a case 

study. The case study was defined as a social network related to health security formed by actors located in 

the city of Curitiba which is the capital of Parana State, Brazil (Figure 7). 

 
Figure 6 - A pin symbol for a 3D representation of network actors 



 

 
Figure 7 – Brazil, Paraná State and Curitiba city 

The data source for generating the 3D cartographic representation were initially collected by INTERNET 

browsers. The search was accomplished by using keywords such as “health security” and “social rights”, 

or even the combination of both. The results were ranked according to the level of significance of each 

actor, which is already a first thematic classification. After completing the list of network actors, the 

second task was to identify the actors' linkages which were characterized by their hyperlinks. The 

INTERNET site of each actor was a source of information for identifying its role in the network 

relationships, such as project partners or supporters. 

The result of this first set of data was the input for the “snowball” technique which was used in order to 

expand the search range for finding the network actors. This technique assumes that the links between 

actors indicate what network direction to take and the next actor to be searched for information. The 

procedure was repeated until the information about every actor that has any kind of relationship to any 

other actor was fully collected. An important feature of the “snowball” technique is the requirement of 

some criteria for defining the size of the search sample. The criteria adopted here were: 1) the social actor 

should be involved with human rights or one of those social security jobs; 2) the actor's headquarter could 

be located in Curitiba city, in Paraná State, in Brazil, or even in another country, but it should always have 

their activities, or at least part of them, related to Curitiba population. Thus, the social relationships 

between the network actors are not limited to a geographic region, like Curitiba city boundaries, and it can 

be happened by communication through cyberspace. 

After collecting the data, the network actors and their relationships were grouped into classes. The result of 

actors classification is: 

• government organizations 

• non-government organizations (NGO) 

• private business 

• others 

And the actors' relationships were classified into: 

• ideological partnership 

• thematic partnership 

• projects partnership 

• support or collaboration 

After collecting all the necessary data the next task was to design a 2D map solution in order to understand 

the geographic characteristics of the network which would bring us some knowledge basis for proposing a 

3D cartographic representation. In order to create a set of paper maps the geographic location of every 

actor was georeferenced by their addresses and, their linkages were manually established. 



The 3D vector representation was built in GRASS GIS software. The GRASS GIS (Geographic Resources 

Analysis Support System) is a Geographic Information System (GIS) used for data management, image 

processing, graphics production, spatial modeling, and visualization of many types of data. It is a Free 

Software/Open Source released under GNU General Public License (GPL) 

(http://grass.fbk.eu/intro/general.php). For 3D-visualization we used the NVIZ tool. NVIZ is a GRASS 

module which allows users to render multiple surfaces in a 3D space, optionally using thematic coloring, 

draping GRASS vector files over the surfaces, and displaying GRASS site files either draped on the 

surfaces or as 3D point locations (http://grass.osgeo.org/grass62/manuals/html62_user/nviz/index.html). 

The GRASS GIS software has some tools that allow its users to store, manipulate and view 3D vector 

structures. Spatial phenomena can be modeled by the elements: point, line, centroid, boundary and area, 

which can be located at 2D or at 3D space. Therefore, every vector structure element can be positioned in 

space by 2 or 3 coordinates and a set of attributes. Besides these elements a GRASS GIS 3D vector 

structure can include an element called “face”, which is a 3D area. 

Before developing any task with GRASS GIS, an EXCEL spreadsheet was prepared in order to generate 

an ASCII file. The ASCII file was edited in accordance with GRASS GIS format for a 3D vector structure. 

So, the points and lines of the network were defined by 3 coordinates (X,Y,Z) besides their attributes. 

After importing to GRASS GIS the network source data it was possible to build the 3D vector structure 

topology and define the symbology for the actors, depicted by points, and their relationships, represented 

by lines. The symbology defined in 2D map design was adopted in the 3D representations with some 

adjustment to the 3D visualization. So, the network nodes were represented by circles on 2D maps and by 

spheres on 3D cartographic representations. The lines symbology had not changed from 2D to 3D 

representations. 

RESULTS 

The results were achieved from two different approaches for data exploration which were based: (1) only 

on 2D thematic maps; and (2) on 3D modeling. The results of this paper are related to the second approach, 

what means the development of a method for the cartographic representation of a social network as a 3D 

vector structure. The first achieved result is related to collecting data about health security organizations in 

Curitiba. After completing INTERNET search a list of the network actors and their addresses was 

organized. A part of this list is illustrated in Table 1. 

 
Table 1 – An example of the list of the actors and their addresses 

The addresses were transformed into UTM coordinates by a GIS tool. The GRASS ASCII format was used 

to import the actors' coordinates and linkages into the software as 3D vector structure, and another GRASS 

GIS tool was run to build the topology for a 3D network. Figure 8 shows the 2D view of the actors and 

their linkages on a GRASS GIS display. The decision about the base map of every thematic 

representations of the actors' characteristics were defined by comparing two solutions: 1) only the districts' 

boundaries, and 2) the districts' boundaries and the streets of Curitiba city (Figures 9). The districts' 

boundaries and the streets lines were imported from a DXF file into GRASS GIS database. 

The next stage was to apply the criteria for building a 3D cartographic representation. Once we decided 

that every actor should be seen on the screen by the GIS user independently on the map scale, and the high 

above the ground (Z coordinate) of the actors could vary, we defined that the Z coordinate must be decided 

according to the actors geographic proximity, as illustrated in Figure 10. 

On a 17” computer screen it is possible to view the whole Curitiba city at a 150,000 scale (Figure 10a). At 

this scale most of the actors which addresses are in the central part of the town are too close to each other 

and it is not possible to individually identify them. At 1:70,000 scale (Figure 10b) most of the actors can 

be visually discriminated but there still are some coalesce between some of them. Examples of actors 

proximities are illustrated by orange circles in both maps. However the decision about a minimum distance 

between actors on the map has to taken into consideration the possibility of discriminating the different 

line symbols that would represent the actors' linkages classifications, which are exemplified by a green 

circle. Thus, we tested some larger scales as shown in Figure 11(a) and Figure 11 (b). Based on the visual 

analysis of the actors proximities at different scales we decided which actors would have a Z coordinate 

different from zero, that means which actors would be placed above the ground. The variation of the actors 



elevation values was decided by trying different solutions and visualize them on computer screen. In the 

chosen solution the actors Z coordinate varies into 2 values: 50 meters and on the ground, that is 0 meters, 

and the result is exemplified in the Figures 12, 13 and 14. 

 
Figure 8 – A 2D view of the actors on a base map as districts' boundaries (a) the view of the whole city at 

a 1:250,000 scale on screen and (b) a insight of the central part of the city at 1:30,000 scale on screen 

 
Figure 9 – A 2D view of the actors and their linkages over a base map defined by the districts' boundaries 

and streets (a) the view of the whole city at a 1:250,000 on screen and (b) a insight of the central part of 

the city at 1:30,000 scale on screen 



 
Figure 10 – Actors geographic proximity (a) on a 1:150,000 scale (b) on 70,000 scale on GIS screen 

The next stage was to set the symbology for every actors' thematic class. The approach adopted here was 

to use the same visual variable for either 2D or 3D representations in order to make the comparison 

between both representation possible. According to the 2D map design the visual variable for the actors 

and their linkage symbology is color hue (Figure 15 and 16). Consequently the same color hues were used 

for the 3D thematic solution. 

The thematic representation was firstly apply to actors classification (Figure 17) . Using NVIZ software it 

is possible to view the 3D network at different points of view (Figures 18). 

  

Figure 11 – Actors geographic proximity (a) on a 1:40,000 scale (b) on 20,000 scale on GIS screen 



 
Figure 12 – On view of the 3D representation of the network actors 

 
Figure 13 – A whole city 3D view of the actors and their linkages 



 
Figure 14 – The downtown 3D view of the actors and their linkages (a) the point of view is at NW 

quadrant oriented to SE direction, at a 1500m high (b) the point of view is at SW quadrant oriented to NE 

direction, at a 1500m high 



 
Figure 15 – The legend for 2D map of the actors 

 
Figure 16 – 2D representation of the actors' classification 



 
Figure 17 – 3D view of the thematic representation of the actors' classification 

 
Figure 18 – A different point of view of the 3D thematic representation of the network actors 

CONCLUSIONS AND FUTURE PLANS 

This first experience of representing a social network as a 3D vector model showed us the potentialities of 

the proposal. One of the important results of this proposal is the development of a method for generating 

3D cartographic representations of social network that it is an alternative for generalized thematic maps. 

The decision about the base map of the thematic representations was based on some visual analysis of 

different solutions, which showed us that the spatial references from 2D and 3D visual perception are 

different. On a 2D map it is clear the relationship between the scale and the level of detail of the base map. 

However this is not so clear on a 3D cartographic representation, since as we change the point of view we 

can better adjust our visual perception to a higher level of detail of the symbology. 

The defined criteria for the decision about which actor, and at how high elevation, would be placed above 

the ground are mandatory for the 3D thematic solutions. The criteria guarantee the graph characteristics of 



the network, the spatial reference of every network actor, and consequently a non-generalized thematic 

representation. These requirements are fulfilled by depicting the actors' spatial position in a graph which is 

possible because the criteria indicate the location of every actor in the 3D network. 
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