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Abstract 
Traditionally, the subject of cartography has been geographic data, while information visualization has dealt with abstract, 

non-spatial information. With the ever increasing amount of data harvested worldwide, more and more of this data includes 
both geographic and abstract information at the same time. Efficient visualization of this data calls for the combination of 
maps with techniques for complex, structured information spaces, a key concept among these being focus & context 
techniques. In this paper, an extended focus & context concept is proposed that efficiently supports the combination of 
visualization techniques with maps. 

1 Motivation 
Nowadays, huge amounts of data are generated and stored in all parts of society. Much of the acquired data is 

multi-dimensional and/or complexly structured, while at the same time including some form of geographical 
reference or location coordinates, e.g. healthcare statistics or telecommunication network data. 

In recent years, a wealth of methods for the efficient and comprehensive visualization of complex and 
heterogeneous information spaces has been developed. However, most of these approaches assume the data is of 
abstract nature that does not have any spatial dependencies. Only few studies deal explicitly with visualization of 
geo-referenced data, such as [4]. 

Cartography is about effectively presenting large amounts of geographic data with different granularity on 
task-specific thematic maps. Over the years, tried and proven methods and concepts have been derived for the 
production of high-quality maps. With the advent of GIS, these have been augmented with automated methods to 
aid the interactive creation of on-screen maps. However, visualizing data on maps is mostly still confined to low-
dimensional, unstructured information spaces. Only recently, initiatives have been started to embrace knowledge 
from the domain of information visualization, as in geovisualization [6] or the Carto Project [9]. However, a 
common perspective is highly useful, as both fields to some extend use the same concepts, e.g. lens techniques. 

A key principle in information visualization can be epitomized by Shneiderman’s visualization mantra: 
“Overview first, zoom and filter, then details on demand” [10]. These requirements can either be met by 
employing multiple representations for each phase, i.e. overview & detail concepts, or by seamlessly integrating 
multiple levels of detail within the same representation, i.e. focus & context concepts [3][14]. The need for such 
focus & context techniques is yet more pressing when embedding complex visualizations in map representations 
since the information density is even higher. 

Therefore in this paper an extended focus & context concept is proposed that provides a general framework 
for the efficient employment of different techniques on combinations of a map with arbitrary, task-specific 
visualization techniques. 

This paper is structured as follows. Preliminaries are introduced in section 2. Our proposed extended focus & 
context concept is discussed in section 3. Section 4 then gives brief examples on established cartographic 
methods that can aid in the creation of expressive combined map-visualization technique pictures. Section 5 
concludes with a summary. 

2 Preliminaries 
The abstract, non-geographic data to be visualized can take a multitude of forms, each calling for a different 

suitable visualization technique. Multivariate data sets, for example, can be represented by one of the many icon 
techniques. It is not our goal to examine concrete visualization techniques for abstract data in detail, but to 
present general procedures for the handling of focus and context areas in map representations. Therefore, we 
assume that the visual representations of the abstract data were generated by appropriate techniques, and scaled in 
such a way as described by the concept of Information Murals [2]. In the following, these appropriately scaled 
representations are collectively referred to as visugrams. 

 
Generally, maps are structured hierarchically according to geographic and administrative actualities (e.g. 

countries, districts, ZIP code areas). When visualizing abstract data on maps it is important that each visugram is 
associated with its correct map area, either by positioning them on the map accordingly (i.e., within the area’s 



borders), or by graphical means such as coloring or connecting lines. Usually information are acquired in 
correspondence to the given structures. If this is not the case, the granularities of the information space and the 
map must be adjusted to match. Splitting up data sets or map areas is always ambiguous. Therefore, only 
aggregations are performed. This either means aggregating data sets to match the (coarser) map structure, or 
merging map areas if only a single data set is available for a larger map region. 

It is impossible to display all information for every available area granularity of the map at the same time. 
This would quickly lead to overloaded presentations that are no longer expressive. It can also cause overlaps 
between visugrams, especially when displaying data for densely clustered map areas. Therefore, the data must be 
filtered or even masked out altogether in some parts of the representation to reduce the information density. 

This can be achieved by focus & context techniques, which display a certain region of interest with a high 
degree of detail, while simplifying other areas. Most often, a binary decision - within or outside the focus area - is 
made, and a uniform representation of elements is chosen for the focus and the context area, respectively. Keahey 
introduced a generalized approach for Detail-in-Context presentations in [3]. This approach uses the notion of a 
detail axis to measure the amount of information and its presentation style in different areas of a picture. A 
popular example for focus & context techniques in information visualization are the graphical fisheye views by 
Sakar and Brown [10]. An overview can be found in [5]. Also employed in cartography, two examples are Rase's 
cartographic lens [8] and Pliable Display Techniques [7]. 

However, current approaches work on the base of one unique space of reference and hence often define both 
focus and context in display space. When working with a combination of maps with visugrams, this concept has 
to be extended. 

3 Extended Focus & Context 
In our case, we have two spaces of reference. The geo-reference in the data spans up the geographic space 

represented by the map, while the non-geographic part of the data defines the abstract information space 
represented by the visugrams. 

Consequently, there are now two focus areas. First, there is the map focus that corresponds to the current 
geographic region of interest. Second, there is the information focus that encompasses the abstract, non-spatial 
information associated with that region of interest. These focus regions are mutually dependant. Selecting a map 
focus defines the information focus, and vice versa. 

Since the focus only displays a small portion of the information in full detail, it must be possible to adjust 
focus areas. When using map representations, an intuitive way of navigating through the display space is the 
selection of areas on the map. Therefore in our case, first the map focus is selected, from which the corresponding 
information focus is then derived by searching the information space for data associated with the map focus. This 
might require special operations if the granularity of the map areas does not match that of the information space. 
Here, either an aggregation of data records or an automatic enlargement of the map focus can be necessary to fit 
the granularity of the information space to match the granularity of the map. 

After both foci have been selected, their representation style must be specified. For the map focus this means 
the sufficient accentuation of the focus area, e.g. by drawing stronger border lines and choosing a different, more 
saturated fill color. For the information focus, a suitable visualization technique must be selected and the 
resulting visugram is positioned within the map focus area (cf. section 4.1). 

 
Since we have two focus regions, we consequently consider not one but at least two contexts: one for the 

information space and the other for the map. The information context includes all information of interest outside 
the information focus. However, to avoid overloading the picture, it will be advantageous if not for every map 
area abstract information are displayed. Therefore we want to introduce two different context regions for the map. 
We assume that some map areas below a certain degree of interest do not have a visugram placed. They are 
retained to maintain map coherence for better user orientation and are referred to as map context. 

The remaining map areas that are outside the map focus as well as the map context constitute the so-called 
spatial context. A visugram is positioned over each of these areas. The map areas contained in the spatial context 
can be derived from the map focus by several means: 
§ Selection based on area neighborhoods. Here, the spatial context includes all area that are either directly 

adjacent, or in N-neighborhood to the focus area. 
§ Through interactive selection by the user. 
§ By definition of paths, e.g. the selection history of the map focus. Every area that had been selected as 

focus area in the past is considered part of the spatial context. 
§ Calculations in information space, e.g. by proximity measures. If the proximity value relative to the 

information focus is above a certain threshold, the corresponding map area is part of the spatial context 
(figure 1). It would also be possible to do a cluster analysis of the information space. Any map area with 
abstract information in the same cluster as the focus is part of the spatial context. 

After the context regions have been defined, their representation style must be determined. For the map areas 
of the spatial context the visual attributes are chosen so that these are less prominent than the map focus, i.e. they 
are on a lower level of the visual hierarchy of map areas (cf. section 4.1). If the spatial context supports the notion 



of distance to the map focus, i.e. when using proximities in information space or N-neighborhood relationships, 
the created visual hierarchy must reflect this. For example, in figure 1 the saturation of the area fill color is 
reduced for spatial context areas with lower proximity to the map focus. Figure 2 shows the corresponding visual 
hierarchy of visugrams by means of size and opacity. 

 

 

 
 

 

 

Figure 1 Definition of the spatial context by proximities in information space. All areas 
with similar data values as the map focus (saturated red, strong border lines) are part of 
the spatial context. For the color plate see 
http://e-lib.informatik.uni-rostock.de/fulltext/2004/misc/FKS-CODATA-2004.pdf. 

 

Figure 2 Example for an extended focus & context display. Both map and information 
focus are accentuated over the context regions. For the color plate see 
http://e-lib.informatik.uni-rostock.de/fulltext/2004/misc/FKS-CODATA-2004.pdf. 



For the information context, the general goal is the abstraction of representations to mitigate the problems of 
overloading the picture. The abstraction of information associated with the spatial context can be done in two 
principal ways:  
§ the information is filtered and mapped to a less complex visualization technique, yielding a smaller  

visugram (cf. figure 2), or 
§ the same visualization technique is used, but the visugram is graphically simplified, again allowing to 

downscale it. This approach is especially useful for visugrams with fine granularity to avoid aliasing 
effects (cf. figure 3). 

When performing graphical simplification on visugrams, great care must be taken not to violate the 
expressiveness of the visualization. E.g. if an icon technique encodes information in size and areas, a size 
reduction of icon representations is not allowed. It must be communicated to the user if a visugram has 
information removed from its representation. The best way to do so is to create a visual hierarchy of visugrams, 
e.g. by reducing saturation and opacity of the representation. The more simplified the visugram, the stronger its 
visual demotion should be. 

 
Two final points to note about the above definitions are: 
§ that the extended focus & context concept can support multiple map foci by simply selecting more than 

one disjunctive map areas as focal regions, and 
§ that the extended focus & context concept can be combined with traditional techniques like the  

cartographic lens [8] that distorts the map representation. 
 
 
 
 

 

4 Cartographic Methods for Extended Focus & Context 
The success of the extended focus & context concept depends on adequate representation of the different 

focus and context regions. For this, two methods from cartography suitable for this task will be briefly presented. 

4.1 Visual Hierarchies for Map and Visugram Representations 

A common concept of cartography is the use of so-called visual hierarchies. Objects represented on a map are 
sorted into a hierarchy according to their importance. This hierarchy is visually represented by accentuation, i.e. 
important objects stand out visually, while others are pushed to the background. 

Common methods of demoting objects visually are to reduce the symbol size, hue, saturation, brightness, or 
opacity of their representations. It is also possible to choose an interrupted or thinner contour line for the same 
effect. Text labels can additionally be set in a smaller font or be abbreviated according to the labeled object's 
importance. Creating a depth of field effect as known from photography by blurring unimportant parts of the 
representation is yet another way of making important features stand out. 

Visual hierarchies are also used in information visualization. Skupin gives an example of the combined use of 
color and label size to create a visual hierarchy of topic regions in his map of conference abstracts [12]. The 
usefulness of depth of field techniques for various visualization scenarios is discussed in [1]. The accentuation 
can also be applied to visugrams to support focus & context techniques (cf. section 3 and figures 2, 3). 

4.2 Generalization for Visugram Representations 

Reality is far too complex to be depicted in full detail on a map. Therefore, in cartography simplification and 
abstraction have to be performed on the map representation depending on its scale. Methods to achieve such 
scale-dependant representations are collectively referred to as cartographic generalization. Cartographic 
generalization can be roughly divided into two aspects, geometric (graphical) and semantic generalization. 

The geometric generalization refers to the graphical elements of a map. It includes operations like 
simplification, enlargement, displacement, aggregation, selection (omission) and accentuation of elements. 
Simplification is applied to less important objects so that their representations can be shrank to consume less 
display space. On the contrary, important objects are enlarged, which in turn makes the displacement of nearby 
objects necessary to avoid overlaps. (Graphical) accentuation is done to establish a visual hierarchy of map 
elements (cf. section 4.1). 

Figure 3 Example for visugram simplification. Reducing visugram complexity allows 
downscaling the representation. (a) Original visugram, (b) downscaled version of (a), 
(c) downscaled version with simplification. This example depicts a TimeWheel 
visugram, a technique developed for the analysis of multiple temporal-dependant 
variables [13]. 



In semantic (conceptual) generalization operations such as aggregation, selection and classification of 
semantic properties of objects are performed, e.g. deciduous and coniferous forest areas are aggregated into a 
single class 'woodland'. 

Therefore, generalization methods can be employed to create appropriate visugrams to accentuate the 
information representations in focus regions, as well as to abstract information representations in the context 
regions. The visugram generalization must not be arbitrary but depend on the information visualized. As a 
controlling parameter, for example the distance of the context map area to the focus area or the proximity value in 
the abstract information space can be used. 

5 Conclusion and Future Work 
Some data can be classified to contain both spatial-geographic and abstract, non-spatial information at the 

same time. By its very nature, this class of data tackles both areas of cartography and information visualization. 
The combination of maps with task-specific visualization techniques is a useful tool in this scenario. 

In this paper, an extended focus & context concept has been proposed to define separate focus and context 
regions in two spaces of reference, the geographic space and the abstract information space. This allows for an 
efficient selection of the focus and derivation of the associated context. 

Initial user studies have shown that the concept of the extended focus & context, with the selection of a map 
area of interest and user-driven derivation of the different focus and context regions, is quite intuitive. Employing 
the position optimization in combination with Rase’s distorting lens [8] has shown to improve readability of 
visugrams substantially. 

Currently, we assume that the map focus is selected first and that the information focus is derived from it. 
Future work will investigate methods to define an information focus first, and deriving map focus and context 
regions from it. Further work will include the closer examination of graphical generalization methods in order to 
classify their use in visugram simplification, especially for icon techniques. 
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