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1  INTRODUCTION  
 
 
1.1 Individualization of map use and map production: the rise of exploratory 

cartography 
 
 
Over the past few decades, the need for maps has increased enormously in all parts of the 
world, as a consequence of, among other things, the growing number of geospatial 
relationships, greater human mobility, and more physical planning problems brought 
about by a more intensive use of land and water. However, it is mainly because of 
technologic developments that more maps are now made and used than ever before. In 
particular, we have witnessed an enormous growth in the number of different temporal 
maps, which are no longer printed on paper but only made visible on the monitor of a 
computer system. The same technologic developments have now made it easier to 
produce ever-increasing numbers of single- or special-purpose maps that are fully 
adjusted to the needs and characteristics of their users. And − again because of 
technologic developments − increasingly it may be the users themselves, who are 
generating the maps they need on their computers. Unlike, say, 15 years ago, 
cartographers are often no longer needed directly to actually produce the maps that are 
required. Increasingly, cartographers are concentrating on their preparatory and advisory 
roles, and they have the important task of incorporating the expertise and knowledge they 
have gained, for example, from the results of map design research, into the software that 
is used by the map users themselves to generate cartographic products. 
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Figure 1.1 The role of maps and other graphics as tools in a geographic research sequence  
(after DiBiase, 1990) 

 
Another important and perennial task for cartographers − as it has always been, although 
often receiving insufficient attention − is to carry out map use research. Results of this 
kind of research may be used to better serve the needs of map users. Indeed, because of 
the current role of the map users themselves in the process of map generation, it may be 
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argued that one of the consequences of the technologic revolution is that map use today is 
where it belongs: at the centre of cartography.  
 
This is reflected by the attention given to so-called cartographic visualization in the 
wider context of developments in scientific visualization. DiBiase (1990) was among the 
first who questioned the emphasis on the traditional roles of maps as mere static storage 
devices for spatial data and tools for the communication of these data to groups of users 
with, at best, similar needs and characteristics. He produced a, by now well-known, 
depiction of the role of maps and other graphics as tools in a research sequence (Figure 
1.1). 
 
Equally well-known is MacEachren’s more recent (1994, pp. 5-7) treatment of map use 
as a cube (Figure 1.2). 
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Figure 1.2 The (cartography)3 map use cube (after MacEachren, 1994) 
 

In MacEachren's concept, map use is measured continuously along the three axes of the 
three-dimensional space of the cube: 
• from map use that is private (where an individual generates a map for his or her own 

needs) to public (where ready-made maps are made available to a group of users) 
• from map use directed towards revealing unknowns to presenting knowns 
• from use with high human-map interaction (where the user can manipulate (with) 

maps substantially) to low interaction (where the user has limited ability to change the 
presentation) 

 
MacEachren (1994, p. 7) defines visualization as "map use in the private, revealing 
unknowns, and high interaction corner of the cube". By doing so, he makes it clear that 
he sees a difference between visualization and cartography as we have known it for quite 
some time already, i.e. as the discipline that makes geographic data visible. In the way he 
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defines it, visualization is a new field in cartography, made possible by technologic 
developments, and mostly taking place in the environment of geographic information 
systems (GIS). 
 
Kraak & Ormeling (1996, p. 1) share this viewpoint, but give a wider interpretation to the 
term "visualization". They state that in a GIS environment visualization can be used to 
explore unknown and often raw data, to analyse or manipulate known data, and to 
present or communicate knowledge of spatial information. They have adapted 
MacEachren’s map use cube accordingly (see Figure 1.3). 

 

 
 

Figure 1.3 The map use cube according to Kraak & Ormeling (1996, p. 3), showing the three main 
situations for visualizing data in a GIS: present, analyse and explore 

 
The next stage in this evolution of thinking about map use and cartographic visualization 
is the recognition by MacEachren & Kraak (1997) of four map use goals: explore, 
analyse, synthesize and present. Each goal may require different visualization approaches 
or strategies, the characteristics of which are implied by the current typical position of the 
goal in the map use cube (Figure 1.4). 
 
The particular kind of map use that is called visualization by MacEachren (1994), visual 
thinking by DiBiase (1990), exploration by Kraak & Ormeling (1996) and exploratory 
cartographic visualization by MacEachren & Kraak (1997) is the main object of this 
research project.  
 
Later, MacEachren & Kraak (2001) have also introduced the concept of geovisualization, 
which integrates methods and procedures of scientific visualization, cartography, image 
processing, information visualization, exploratory data analysis and geographic 
information science. This study limits itself to the exploratory cartography subset of the 
wider concept of geovisualization, as it only investigates the role and use of maps and 
map displays in complex geographic problem-solving.  
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Figure 1.4 Goals of use arrayed in the map use cube (MacEachren & Kraak, 1997) 
 
 
1.2  Map use in exploratory cartography 
 
A map is an abstraction and simplification of geographic reality to scale, obtained by 
reducing the amount of information on geographic reality, translating it into graphic 
symbols and, usually, projecting it on a flat medium (e.g. paper or the display screen of a 
computer system). As such, maps are a very efficient means of communicating, 
analysing, synthesizing and exploring geographic data and information. In addition, there 
is no better way of providing insight into, and an overview of, spatial patterns, 
relationships and trends.  
 
Maps provide answers to concrete and simple geographic questions such as: Where is 
that supermarket? How do I get to the railway station? Where do most people live in this 
country? The geographic problem is a little more complex when users are exploring a 
geographic dataset hitherto unknown to them in order to gain understanding of, and 
insight into, that dataset. This is a typical problem that in practice may regularly confront 
many geo-scientists, regional geographers, physical planners, as well as geography 
students and schoolchildren in their geography classes. The way in which problems like 
this are tackled by human beings is characterized by psychologists as a cognitive process 
that is goal-directed and requires effort of the brain and concentration of attention (van 
Someren et al., 1994, p. 13). The solution is found not directly in a single step but via 
intermediate reasoning steps, some of which may later appear useless or false. In this 
way, exploratory cartography for geographic problem-solving may be regarded as a 
cognitive process in which maps are used as tools for discovery (Kraak, 1998) in order to 
solve the problem of gaining insight into unknown geographic data. The maps are used to 
recognize regional and temporal patterns, trends, correlations or particular anomalies in 
the geographic data. There is no doubt that maps or map displays are essential and very 
effective tools when dealing with questions of geographic data exploration (see e.g. 
Wood, 1994).  
 
Before the widespread availability of computerized GISes, map libraries and paper 
atlases alone constituted some kind of exploratory cartography environment in which 
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users used to look for, and browse through, the maps that could help them in solving their 
complex geographic problems. And even now, existing maps, be they on paper or in 
digital form (e.g. on diskette, CD-ROM or on the Web), may play some role in current 
exploratory cartography. In the past, the problem was that a lot of time and cartographic 
(drawing) skills were required to construct (paper) maps. As a consequence, few, if any, 
maps were made at all, and the cartographic means were not used to their full potential. 
Another problem is that existing maps are just the map maker's conception of reality, 
perhaps with a purpose that is not in line with the exploratory cartography objective. 
Such an exploratory cartography environment is essentially supply-driven, not demand-
driven, and the user cannot really interact with either the maps (particularly if they are on 
paper) or the data. A real cartographic exploration is only possible − and this possibility 
is becoming available to more and more users nowadays − if maps can be more or less 
adjusted to the specific needs of the users, or if the maps can be generated from raw 
geographic data in demand-driven ways by the users themselves with the help of 
cartographic visualization software tools.  
 
As will be described in Chapter 2, quite a bit of map use research has been executed since 
the 1950s. In the early days, it was logical to do such research in order to test the 
effectiveness of particular cartographic symbol sets or complete maps or map series 
designed by cartographers for their users. The results of this kind of map use research 
were used to improve the functioning of maps − and they sure did! As, nowadays, there 
are still many maps made by cartographers for other users (see Figure 1.4: maps for 
presentation, such as maps in school atlases, physical planning maps, road maps and 
maps in newspapers), this kind of testing of existing map displays (no matter whether 
they are printed on paper or only appear on the computer screen) will still be very useful.  
 
Also in the context of exploratory cartography, it is important to know how effective a 
certain map display is in answering a particular geographic question or in meeting the 
objective of the user. However, there are only a few examples of earlier scientific map 
use research in this field of exploratory cartography. The lack of research was noted by 
McGuinness in 1994 (pp. 196-197) and by Davies & Medyckyj-Scott in 1996 (p. 383), 
and the situation has not improved very much since then. Besides, and perhaps more 
importantly, the research that has been executed has been limited mostly to the use of 
already existing map displays or to the use of visualization systems with only very 
limited cartographic functionalities. Therefore, the research into the use of maps in 
exploratory cartography that has been executed so far (see e.g. McGuinness et al., 1993; 
McGuinness, 1994; MacEachren et al., 1998; Andrienko et al., 2002) can be considered 
as too much "supply-driven" and not enough "demand-driven". For instance, in this 
research, no attention has been paid to the questions of whether or why the user would 
think of generating or retrieving a particular map at all. In other words, what has been 
missing is research into the process that precedes the actual use of an existing map or 
map display. This means that we do not know much about when, why and how users 
decide to generate, look up, retrieve and use a map in the process of geographic problem-
solving in an exploratory cartography environment. It is this use of maps, which 
encompasses not only the actual use of an existing cartographic display but also the 
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cognitive process of finding, selecting, retrieving, adjusting or generating "private" map 
displays, that is investigated in this research project. 
 
 
1.3 Objective of this study 
 
As there has been hardly any map use research in the field of exploratory cartography, the 
nature of this research project is rather experimental and, in essence, exploratory too. It 
should lead to an inventory of the factors involved, and the objective of this research 
project is directed mainly towards the generation of new hypotheses: 
 
The objective of this research project is to investigate the use of maps in the process of 
the exploration of geographic data, leading to hypotheses that may be tested in further 
map use research. The ultimate aim is to use the research results for improving the tools 
for exploratory cartographic visualization, i.e. both the cartographic products and the 
hard- and software used to generate these products.  
 
In order to be able to generate more specific hypotheses, this research aims at providing 
possible answers to such research questions as: 
 
• How do users go about exploring (with the help of maps) a geographic dataset 

unknown to them? What are the successive stages in the process of geographic data 
exploration with the help of maps? 

• After establishing the problem, what do they do? and in what order? Do they 
formulate one or more detailed geographic questions? browse the available data? or 
browse the available existing map displays? 

• What geographic questions are formulated by the users when they are exploring a 
geographic dataset? 

• What do they do first? Will they try to generate their own map directly from the 
database itself with the help of visualization software, or will they first look for an 
existing map display? 

• When users look for an existing map display, will they first look for an existing digital 
map or will they look for a paper map?  

• What are the arguments on which a decision is based to consult either a paper map or 
an existing digital map? 

• Which map type is selected to answer a particular geographic question? On what 
arguments is the selection based? Do users know which map type provides the best 
answer to their specific geographic question? 

• When users generate their own map displays with the help of a visualization tool in 
order to find an answer to their specific geographic question, do they make proper use 
of the rules of the grammar of cartography? In other words, do they select the "best" 
way of representation? 

• Are users aware of the correct or incorrect application of these rules in existing map 
displays? 














