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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 



10 

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 



11 

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 



14 

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? 
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• What are the effects of an incorrect application of the rules of cartographic symbol 
design in map displays that are generated for the exploration of geographic data?  

• In what ways are users applying their visualization tools? Will they use them to try to 
generate the map displays they have in mind, or will they first try to see which defaults 
are offered to them by the visualization tool at hand? 

• How do users read, analyse and interpret map displays in view of their particular 
objective? What map use tasks do they execute? 

• What map use activities are they carrying out when executing their map use tasks? 
• How do the users rate the effectiveness of the map displays in meeting their 

objectives? In other words, do the map displays meet their expectations? If not, what 
do the users do? 

• What are the effects of the differences in background and experience of users in 
exploring geographic datasets, in map use, and in using the visualization tool at hand?  
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Figure 1.5 Location of the study area Overijssel in the Netherlands 
 
To arrive at workable answers to these research questions, it was necessary to formulate a 
case for exploratory cartography, with a concrete objective and a clearly defined group of 
users. As geographers constitute a group of users who potentially make use of a great 
variety of map types, and as one of the research goals is to investigate which of all these 
different map types are used in complex geographic problem-solving, it was decided to 
concentrate on the specific exploratory geodata analysis problem of gaining insight into 
the geography of an unknown region. This may be called a regional exploratory study 
and it usually constitutes one of the first stages in geographic research. Although the 
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emphasis in scientific cartography has varied over the years, such studies have always 
been one of the essential tasks of geographers. Geographers were, therefore, selected as 
the user group for these investigations. The region selected for this research is the 
province of Overijssel in the Netherlands (see Figure 1.5). In this exploratory cartography 
research project, the concrete task for the experimental subjects is to use maps for the 
construction of a hypothetic cartographic model of the geography of Overijssel. 
 
 
1.4 The contents of this report 
 
Chapter 2 will provide an overview of some earlier map use research activities. Research 
has already been done in this area, but not enough by far. Most of this research was, of 
course, directed towards testing the effectiveness of certain maps or cartographic symbol 
sets in view of a particular (map) purpose. In many cases, particularly when maps were 
used for presentation, this purpose could be defined quite precisely. However, with the 
rise of private and interactive cartography, this purpose has sometimes vanished from 
sight and in literature confusion has been created with respect to terminology. Therefore, 
in an attempt to create some clarity, distinctions have been made between the objective of 
spatial data exploration, geographic tasks and map use activities. An overview will also 
be given of such research as has been executed so far in the field of map use in 
exploratory cartography. Because there has been so little research in this field, hardly 
anything is known about the selection and use of map displays in exploratory 
cartography, and it proved difficult to formulate crisp and clear hypotheses to be tested. 
What was needed was to find an experimental research method that could lead to the 
formulation of hypotheses to be tested in further map use research. Chapter 3 may be 
considered as a report on, and justification of, the selection of the research methodology 
applied in this project: a combination of techniques centred round the so-called think 
aloud method. This method has been applied a couple of times before in map use 
research, but not to its full potential. The application of the think aloud method can only 
be successful if the resulting protocols are set against a preconceived model of 
geographic problem-solving. Such a model, in the form of map use and map selection 
matrices, will be the outcome of Chapter 4. This chapter is devoted to a description of the 
spatial data exploration case selected: regional exploratory studies. It contains an 
overview of the geographic questions, map use tasks and map use activities that are 
expected to be involved in such studies. In addition, a description and classification of the 
required geographic data are provided, as well as a short discourse on the ways of 
representing these data in a map according to the rules of the grammar of cartography. 
The application of these rules leads to various map types, for which a classification is 
suggested in this fourth chapter. Chapter 5 deals with the preparations for, and execution 
of, the actual user tests. A special experiment room is fitted up for the video recording of 
the think aloud sessions in synchrony with a recording of the interactions with the 
ArcGIS visualization tool for geographic data exploration. A data-rich environment is 
created in which the raw geographic data of Overijssel are available to the user in the 
form of a database for cartographic visualization with ArcGIS. In addition, numerous 
existing digital and paper maps are available to the user. These existing maps and the raw 
geographic data are made accessible through a metadatabase created with the help of 
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Microsoft Access. The goal of these preparations is to create a test environment in which 
the test persons can operate freely, without being "steered" by the available possibilities, 
i.e. a demand-driven instead of a supply-driven environment. But, of course, experience 
with the possibilities offered by ArcGIS and also experience in regional exploratory 
studies may influence the results of the user tests. Any such experience of the test persons 
will be established, and the group of test persons will be limited to geographers with at 
least a little experience in regional exploratory studies. The concrete task that will have to 
be executed by these test persons is to construct a hypothetic (carto-)graphic model of the 
geography of Overijssel, based on the concept of so-called chorèmes. The construction of 
these models will also be recorded on video. Chapter 6 presents the results of the user 
tests. It constitutes the report on the analysis of the outcomes: completed questionnaires, 
graphic models, sound and video recordings, turned into verbal and action protocols and 
completed map use and map selection matrices. After describing the adjustments made as 
a result of executing the first few tests, the results of the analysis are presented under 
various headings, derived from the research questions formulated in Section 1.3. In 
Chapter 7, these answers will be summarized in conclusion in the form of hypotheses and 
recommendations for further research.  





 

19 

2  MAP USE AND MAP USE RESEARCH  
 
 
2.1  Introduction 
 
This research deals with map use. It is important to realize that maps and map displays 
are just tools. Their production is not a goal in itself. Map makers take the trouble of 
translating geographic reality into cartographic symbols, because maps are the most 
effective and efficient way of transferring geodata to users and of providing insight into, 
and an overview of, these data. The positive effects of map displays are so great that map 
makers and map users accept the possible "noise" of the translation as part of the bargain. 
This noise, which may lead to an incorrect interpretation of the geographic information 
represented, is well reflected in the traditional models of cartographic communication 
(such as those of Kolácný (1970) (see Figure 2.1) and Robinson & Petchenik (1976) (see 
Figure 2.2)). 
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Figure 2.1 Model of cartographic communication by Kolácný (source: Kolácný, 1977) 
 
In these models, which were the outcome in the 1960s and 1970s of perhaps the first real 
"wave" of scientific cartographic research, the map user had a prominent role. However, 
in the years and decades thereafter most cartographic research focused on map making 
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and the map producer, not on map use and the map user. To a great extent, this focus was 
the consequence of the tremendous technologic developments in the world as a whole, 
which have also influenced the field of map production. In a relatively short time, pen 
and ink drawing was replaced by scribing, peelcoat masks, and a whole sequence of 
photomechanical processes. In an even shorter time, these in turn were replaced by the 
computer (also see Monmonier, 1985), which is now the most important tool for the map 
maker. And, as already indicated in Chapter 1, the introduction of the personal computer 
and user-friendly cartographic visualization software has led to a situation where the map 
maker is now often the map user too. 
 
Nowadays, paper is still an important carrier of map displays because of its inherent 
advantages, for instance, the possibility of large formats (needed for getting an 
overview), portability, good graphic quality and high image resolution, and high 
information density. Nevertheless, many more maps are now used that appear on the 
display screen of a computer (van Elzakker, 2001b). Partly replacing paper, CD-ROMs, 
DVDs and diskettes serve as carriers of map displays or of geodata that may be turned 
into maps with the help of cartographic visualization software. Map displays on the 
monitor screens of computer systems offer certain advantages. For instance, it may be 
possible to interact with the maps and produce tailor-made displays, as well as to pan and 
zoom; furthermore, they are seamless, and may also be dynamic (to show the time 
component of the geodata). Nowadays, since the rise of the World Wide Web (WWW) as 
a means of disseminating maps, even CD-ROMs and other data carriers are not always 
necessary (Kraak & Brown, 2001). The two main additional advantages of the World 
Wide Web (compared with, for instance, CD-ROM) are the potential accessibility and 
actuality of the geographic information represented by means of maps (van Elzakker, 
2001a). 
 
Although the technologic developments have not stopped or even slowed down 
(currently, for instance, interesting developments are going on in the field of mobile GIS 
and in the construction of so-called "electronic" paper), in the past few years we have 
witnessed a growing interest once again in usability issues and in the needs of the map 
users. The map user was mentioned in many presentations at the conferences of the 
International Cartographic Association in Ottawa (Keller, 1999), Beijing (Scientific and 
Technical Programme Committee LOC for ICC 2001 Beijing China, 2001) and Durban 
(ICA, 2003). An analysis of the proceedings of the last conference reveals that the word 
"user" is included in 69% of the 346 papers. However, little real map use research has 
been carried out so far. In Sections 2.3 and 2.4 below, a short overview will be provided 
of the types of map use research that have been executed in the past, say, 50 years. But 
before doing so, for the sake of clarity it is necessary to deal with the terminology related 
to map use. 
 
 
2.2  Map use  
 
In cartographic literature there is sometimes confusion about the terms "map use" and 
"map user". Even in times when there was still a clear distinction between the map maker 
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and the map user (as in the days when the models of cartographic communication were 
being developed), publications on map use were not necessarily reporting about research 
into the ways map users were actually using maps; they might very well be guides to 
using existing maps for prospective map users. New editions of such guides are still 
published today (e.g. Muehrcke & Muehrcke, 1998; Campbell, 2000). Confusion could 
also (and still can) be created by authors who were referring not always to map users who 
use maps to find answers to their geographic questions, but sometimes to producers who 
use maps to disseminate geospatial data (see e.g. van Elzakker et al., 2003). 
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Figure 2.2 Venn diagram summarizing the cognitive elements in cartographic communication (source: 
Robinson & Petchenik, 1976) 

 
A and B are the conceptions of reality by the map maker and the map user respectively. 

The square M represents the map prepared by the cartographer and viewed by the percipient. 
M1  is the fraction of M already known to the map user. 

M2  is the fraction of M that is newly comprehended by the map user. 
M3  is the fraction that is not comprehended by the map user. 

U is an increase of the conception of reality by the map user that was not really intended by the map 
maker. 

 
This confusion has increased as a consequence of modern developments in cartographic 
visualization. Such developments have led to situations in which the user of a map and 
the actual maker of that map are often one and the same person. The difficulty students 
sometimes have in understanding the concept of the map use cube (presented in Chapter 
1; see Figures 1.2, 1.3 and 1.4) is an illustration of this confusion. The third axis of the 
cube (presenting knowns to revealing unknowns) is the main cause. It may well be 
argued that the concept of the map use cube is developed from the perspective of the 
person who actually made or generated the map. If we consider, for instance, the 
"presentation ball" in Figures 1.3 and 1.4, reference is clearly made to the map use 
objective of presenting known geospatial data relations by means of low interactive 
graphics to the public at large (the ultimate map users). But what may be "known" to the 
map makers may still, at least partly, be "unknown" to the users for whom the map is 
intended. It is even so that map users may discover new information in static maps for 
presentation that was not deliberately put in or even "known" by the map maker. For 
instance, a geologist may discover an interesting geologic structure by studying the 
hydrographic details represented on a tourist map. This situation is well reflected in the 
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model of cartographic communication developed by Robinson & Petchenik (1976) (see 
Figure 2.2).  
 
On the one hand, let it be stated that the research reported in this dissertation focuses on 
map use from the perspective of the ultimate users of the map displays, i.e. the persons 
who are actually using maps, whether produced or generated by themselves or not, to find 
answers to the essentially geographic questions they have. On the other hand, it should 
also be clear now that, in my view, exploratory cartography is not limited exclusively to 
the "exploration ball" in, for instance, the bottom front left-hand corner of the map use 
cube represented in Figure 1.4. When users are exploring an unknown geographic dataset 
on their own (i.e. "privately"), they are not restricted to visualizing the data interactively. 
They can also make use of existing maps for presentation, maps prepared by others and 
with which, perhaps, no interaction but visual interaction is possible. Together with the 
raw geospatial data, stored, for instance, in tables, such existing maps may also be 
considered to be part of the database that is going to be explored. And instead of looking 
at the interaction axis of the map use cube as if it refers to interaction with an individual 
map, it may also be seen as interaction with the whole geospatial database. Seen in this 
sense, exploratory cartography involves the interactive cartographic visualization of 
unknown geodata and / or the consultation of a number of existing map displays that 
contain unknown geodata by an individual user in order to stimulate the visual thinking 
that should lead to a better insight into, and an overview of, these geodata.   
 
Another source of confusion about map use concepts and terminology is that the 
impression is sometimes created that the purpose of generating and using maps in 
exploratory cartography is just to "play with the unknown and often raw data" (Kraak & 
Ormeling, 2003, p. 1), more or less in the same way as people sometimes browse the 
WWW for no particular reason. Although it cannot be denied that interesting new 
discoveries may sometimes be, and actually are, made in this way, in my view it is likely 
that most people will actually start exploring a geospatial dataset that is unknown to them 
while having in mind some kind of purpose or particular reason. This view is supported 
by Tobón (2002, p. 9), who stated that: "… data users normally approach a dataset with a 
purpose. Be it decision-making, research, confirmation of hypotheses or exploration, 
investigating a dataset follows from posing a question or aiming to obtain some 
information." Along these lines, it may be argued that the effectiveness of the software 
tools applied in exploratory cartography, as well as the map displays generated with these 
tools, and perhaps other existing maps, may only be tested, let alone improved, if there is 
clarity about the purpose of use. In other words, map use research, also in the field of 
exploratory cartography, will only lead to successful results if it is based on a thorough 
task analysis.  
 
A couple of years ago, Andrienko & Andrienko (2000) tried to make a general 
classification of user tasks for exploratory geospatial data analysis, particularly with 
maps. However, making such a complete and overall classification proved to be very 
difficult, if not impossible, as the analytic tasks, their relative importance, and the 
possible order of execution (task scenarios) may differ considerably, if only because of 
differences in the overall objectives of the geospatial data exploration. It is clear that task 
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scenarios will differ depending, for instance, on whether a user is exploring a geospatial 
dataset in order to find a suitable place to live or in order to gain insight into the 
geographic aspects of election results.  
 
Furthermore, some confusion may be created again when reference is made to user tasks 
in the context of geospatial data exploration with the help of map displays. When 
mention is made of map use tasks in literature, quite often the geographic questions and 
map use actions executed to deal with these questions are mixed up (see e.g. Board, 1978; 
Clarke, 2003; Kraak & Ormeling, 2003, pp. 183-185; Morrison, 1978). Ogao (2002, p. 
37) creates a similar kind of confusion when he mixes up user tasks with visualization 
operations. To be able to arrive at a proper model of geographic problem-solving (which 
can be tested in user research and could, for example, be the basis of software 
development), user questions and actions have to be unravelled. Therefore, in this 
research project a distinction is made between the overall objective of the geospatial data 
exploration (the main "task" of the geospatial data explorer), the various analytic or 
geographic (sub-)tasks that are to be executed to meet that overall objective, and the map 
use activities that are undertaken during the execution of these tasks. This distinction is 
worked out in Chapter 4 for the specific exploratory geospatial data analysis problem 
selected for this research project: regional exploratory studies with the objective of 
gaining insight into the geography of an unknown region. But before doing that, it is 
necessary to report on the types of map use research that have already been executed.  
 
 
2.3 Map use research 
 
Limiting map use to persons who actually use their eye-brain system to derive meaning 
from map displays, Robinson (1952) may be considered the one who laid the foundation 
for scientific map use research. "Robinson's dissertation … signaled the beginning of a 
more objective approach to map symbolization and design based on testing the 
effectiveness of alternatives, an approach that followed the positivist model of physical 
science" (MacEachren, 1995, p. 3). Based on this foundation, several types of research 
involving "real" map users have emerged. I would like to group these types of map use 
research into two broad categories: more holistic functional map use research and 
perceptual and cognitive research. These different types of map use research should be 
considered as complements, not alternatives. 
 
Functional map use research is based on the clear assumption that a map is made for a 
particular purpose (cf. Board, 1978), and that it is useful and important to find out 
whether and to what extent a particular map meets that purpose − just like a vacuum 
cleaner may be tested to see whether it does what it is supposed to do. In functional map 
use research, usually the maps investigated are made for a group of people, or even the 
public at large. Sometimes, this kind of research takes the form of a comparative analysis. 
Examples are the first phase of a series of investigations into the functionality of Dutch 
cycling maps for planning and following cycling routes (Simon van Leeuwen et al., 
2001) and a research project into the functionality of map displays in route planners on 
CD-ROM or the Internet (Poppe & van Elzakker, 2002). Other examples of functional 
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map use research projects have been directed towards the functioning of road maps 
(Morrison, 1975) and tactile maps (Nagel & Coulson, 1990). This kind of research is 
holistic, in the sense that the functioning of the information processing system is 
considered as a whole, i.e. the map contents and symbolization of geospatial data, and the 
interpretation, cognitive processing and decision making by the map user. There is a 
danger that functional map use research is seen only in direct relation to the view of 
cartography as a communication process in which there is a clear distinction between the 
map maker and the map user (see Figures 2.1 and 2.2); or − to use map use cube 
terminology (see Figure 1.4) − that such research is limited to maps for presentation. This 
is not the case, however. As will be demonstrated in this research project, functional map 
use research is also possible, and indeed very much needed, in the field of exploratory 
cartography, where map maker and map user could be one and the same, and the 
traditional models of cartographic communication cannot be applied so easily. In 
functional exploratory map use research, what has to be investigated − in addition to the 
functioning of individual maps − is the functioning of a combination of different map 
displays and the functioning of the visualization tool in meeting the overall objective of 
the geospatial data exploration. 
 
Another important aspect of functional map use research is the study of the needs and 
characteristics of the map users (see e.g. McCleary, 1975; Blades & Spencer, 1986; 
Dymon, 1989; van Elzakker, 2000). The underlying idea is that the results of this kind of 
research can be used to improve the effectiveness of map products (see e.g. Gerber & 
Lyons, 1984). Nor should this user-oriented research be limited to maps for presentation. 
Similar research can be executed for users of cartographic visualization tools, or, for 
instance, for users of a geospatial dataset consisting of a combination of already existing 
map displays and raw geospatial data that may still have to be visualized. However, in 
this kind of functional map use research the emphasis is mostly on groups of users. And 
in this respect it is somewhat different from the second main category of map use 
research: 
 
In perceptual and cognitive map use research more often the individual user is taken as 
the starting-point in order to find out "how maps work". In his book with this title, 
MacEachren (1995) summarizes some of the research done in this field inside and outside 
the cartographic discipline and, without using new original map use research as a basis, 
he develops important hypotheses regarding the workings of map displays in a 
geovisualization (or exploratory cartography) environment where maps are used to 
construct knowledge. Slocum (1999, p. 13) indicates that it is important to make a clear 
distinction between perception and cognition: perception deals with the map user's initial 
reaction to map symbols, whereas cognition deals not only with perception, but also with 
thought processes, prior experience and memory. Cognitive map use research investigates 
why maps and cartographic symbols work effectively. In the older behaviourist tradition, 
in which the human mind is treated like a black box, map use researchers are concerned 
not so much with why symbols work but with determining which work best.  
 



 

25 

 
 

Figure 2.3 Typical psychophysical test example (source: Flannery, 1971) 
 
Whereas nowadays the emphasis is more on cognitive cartography, perceptual map use 
research has a tradition dating back almost 50 years. Shortly after the start made by  
Robinson, Flannery (1956) produced a dissertation on the functioning of "the graduated 
circle". This dissertation could be considered the starting-point of a whole series of 
psychophysical investigations carried out by himself (see e.g. Figure 2.3) and many 
others, particularly in Anglo-American circles. For example, many publications on 
research with users focus on the application of graded series of grey scales in 
(choropleth) maps, or, more specifically, investigations into the relationship between the 
physical stimulus (reflected light) and the perceived lightness value (e.g. Jenks & Knos, 
1961; Brown, 1980). Results of this kind of map use research (the relationship is 
definitely not one-to-one: differences in grey tones at the darker end of a graded series 
are more noticeable than equal differences at the lighter end) have gradually been 
incorporated in textbooks on map design and construction (e.g. Dent, 1999; Slocum, 
1999). However, the general applicability of some of the psychophysical map use 
research results has also been questioned, for instance, owing to limitations inherent in 
the specific test conditions. For example, the outcome of the tests carried out by Flannery 
(see Figure 2.3) showed that the sizes of larger proportional map symbols are normally 
underestimated by the map users. Therefore, by way of compensation, Flannery proposed 
that a correction factor be applied, leading to an apparent-magnitude scaling of the 
proportional point symbols (Dent, 1999, p. 177). The problem, however, is what this 
correction factor should be. On the one hand, it is a well-known fact that size judgement 
is very much influenced by neighbouring symbols, or, more generally, the map context 
(Gilmartin, 1981). On the other hand, the rate of underestimation is not the same for 
every map user. As map users are different, and so are maps, it is difficult to accept a 
standard method of apparent-magnitude scaling based on a correction factor derived from 
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tests with only a limited number of map fragments and calculated for the "average" map 
user. Nevertheless, the outcome of Flannery's research was important, as cartographers 
now also looked for other ways to alleviate the problem (such as paying more attention to 
the design of the legend in which the proportional point symbol sizes are explained). It 
can therefore be stated that the many psychophysical map use research projects executed 
in the 25 to 30 years following Flannery's dissertation have led to many improvements in 
the effectiveness of maps.   
 
In the course of the 1980s, however, the number of psychophysical map use research 
projects gradually decreased. This was mainly a consequence of the shift in attention 
towards new ways of map making, brought about by technologic developments (as 
described in Section 2.1). Of course, this shift could not be prevented and indeed was 
needed (after all, we now reap the benefits from it with our current cartographic 
visualization tools), but map use research faded into the background at a moment when it 
was clear that a lot remained to be done in this field. It was obvious, for instance, that we 
needed to know more about how users derive meaning from maps, particularly from 
maps as a whole. As Petchenik (1977, p. 117), reflecting on the perceptual research 
conducted by cartographers since the appearance of Flannery's dissertation, puts it: "No 
whole theory or set of principles, greater than the sum of the small component parts, has 
emerged. Similarly, analytical attempts to deal with the notion of map reading have not 
led to any theoretical structures from which principles that would assist in the details of 
map design can be deduced. Clearly, map reading is more than just the cumulation of a 
number of simple perceptual comparisons of symbol size or value."  
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Figure 2.4 The visual variables 
 

In 1967, Bertin published his famous book Sémiologie Graphique, which is generally 
considered (e.g. Robinson et al., 1995; Slocum, 1999; Kraak & Ormeling, 2003) as the 
basis of the grammar of the cartographic language (cartographic semiology) that is still 
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taught, perhaps with some adaptations, in cartography courses all over the world, and is 
still used to evaluate the default design solutions presented by cartographic visualization 
software packages. Bertin's rules of cartographic symbol design are based on the 
distinction of seven visual variables, i.e. ways in which map symbols can be rendered 
different from each other: position, form, orientation, colour, texture, value and size 
(Figure 2.4) 
 
Owing to their perception properties, each of these visual variables, when applied to a set 
of symbols, will create certain meanings in the minds of map users. Usually, four 
perception properties are distinguished: quantity, order, association and selection. Visual 
variables may have one or more of these perception properties, as indicated in Figure 2.5. 
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Figure 2.5 The perception properties of the visual variables 
 

++ = very strong  / + = strong / o = moderate / - = no 
 

The essence of the grammar of cartography is that geographic data measured on an 
absolute ratio scale should be represented by means of a visual variable with a 
quantitative perception property; relative ratio, interval or ordinal data by means of a 
visual variable with an ordered perception property; and nominal data by means of a 
visual variable with an associative perception property (with or without an additional 
selective perception property) (Figure 2.6). (See Section 4.3 for a more detailed 
explanation of the classification of geographic data.) 
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Figure 2.6 Essence of the grammar of the cartographic language 

 
The application of these design rules to cartographic symbol sets that will be combined in 
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maps will eventually lead to different map types (see Section 4.4). The perceptual 
research described above has contributed to the formulation of detailed construction rules 
for some of these individual map types, on top of the basic rules of cartographic symbol 
design. 
 
Still, these rules themselves, and Bertin's cartographic semiology in general − or a 
specific part, such as the table presented in Figure 2.5 − are not based on proper map use 
research. Or as MacEachren (1995, p. 271) puts it: "… Bertin's system represents a theory 
about how maps and graphics should be designed and it is a theory that has been 
subjected to only limited empirical verification." Why the challenge to do map use 
research to test the validity of Bertin's contentions was not sufficiently taken up could 
partly be because Bertin's original work was published in French. It was not until 1983 
that an English translation of his book was published (Bertin, 1983) and, as indicated 
before, in that decade cartographic research emphasis had moved towards map making. 
Therefore, it is perhaps surprising that so many cartographers have accepted Bertin's 
theory as the fundamental grammar of cartography. On the one hand, this may be because 
at least parts of the rules are very logical, and can be "seen" immediately by every human 
being in the examples he provided. For instance, larger symbols represent "more" than 
smaller symbols, and it is easier to judge the actual spatial distribution of a quantitative 
phenomenon with differently sized symbols than with differently shaped symbols. On the 
other hand, the application of the rules of cartographic semiology has also led to some 
standardization of cartographic visualization, and a convention of this kind definitely 
facilitates cartographic communication.   
 
However, as long as there are signs that map users have difficulty in interpreting maps, 
and as long as (prospective) map users (unlike map makers in cartographic design 
courses) do not learn the grammar of the language of cartography in the same way they 
learn the grammar of a foreign language, further perceptual and cognitive map use 
research will be required. And whereas functional map use research has continued over 
the decades (see e.g. Mak & Coulson, 1991; Grosser & Koch, 1996; Fuhrmann, 2002), 
there have not been many reports on perceptual and cognitive research involving the map 
users themselves since the 1980s. Recently, however, a resurgence of interest in user 
testing in the field of cartography and geovisualization has been observed. In these user 
tests, there is greater emphasis now on cognitive processes, deriving meaning from maps 
as a whole, and on questions as to how maps work in knowledge construction. For 
instance, Brodersen et al. (2002) harked back to eye-movement tracking, a research 
method that had been applied before (Castner & Eastman, 1985; Steincke, 1987; Morita, 
1991) but without leading to many concrete results. Wiegand (2002) is one of the 
researchers who took up MacEachren's invitation (1995, p. vi) to test the latter's 
contentions by means of experimental research. In applying procedural schema diagrams, 
Wiegand investigated the mental representations of thematic point symbol maps by 
schoolchildren aged 11 to 14, and identified some common misconceptions. And in the 
field of exploratory cartography too, there is some evidence of recent experimental 
research projects involving "real" users. 
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2.4 Map use research and exploratory cartography 
 
In exploratory cartography, the research required is not just limited to the functioning of 
an individual map display on its own: exploratory map use research should also be 
directed towards the functioning of the visualization software tool and towards the use of 
the geospatial database as a whole, whereby the database may consist of raw geospatial 
data that are going to be visualized by the user, as well as of ready-to-use preconceived or 
existing map displays. 
 
Seen in this way, research into the use of atlases as a whole could be considered as a 
precursor of, or, if executed now, relevant to, the required exploratory map use research. 
However, research with "real" users into atlases as a whole, be they on paper or in the 
form of electronic atlases, is also rather scarce (van Elzakker, 1993; see e.g. Hocking & 
Keller, 1992). An exception may perhaps be made for the "user input" that is usually 
solicited by publishers of school atlases through teachers and developers of geography 
curricula. Owing to the commercial value of these user research results, they have not 
often been published. However, Sandford's (1985) research with schoolchildren into the 
use of school atlases is particularly notable.  
 
As already indicated in Section 1.2, there is not much evidence yet of scientific map use 
research with "real" users in the field of digital exploratory cartography. The examples of 
research projects mentioned here are those of McGuinness et al. and MacEachren et al.:  
 
The psychologist McGuinness may be considered to be the true pioneer of map use 
research in exploratory cartography, and one of the inspirers of this research project. In 
referring to "map use in a GIS environment", she pointed to the need for cognitive user 
research in this field (recognizing "the GIS user as thinker") back in 1991, before the 
notion of exploratory cartography became the vogue (McGuinness et al., 1991). In the 
four years thereafter, she reported on the results of a number of tests she had executed 
with real users (McGuinness et al., 1993; McGuinness, 1994; McGuinness & Ross, 
1995). These users were presented with two problem scenarios, which had to be tackled 
by exploring the available data (nine variables) and by plotting the variables they selected 
on maps, alone or in combinations. The subjects were free to choose what variables to 
plot, how many variables to overlay on a single map, what combinations to view, and in 
which order to view the displays in order to examine the distribution of variables, explore 
the relationships, and begin to test for patterns. The main result of the investigations was 
that there were clear differences between expert and novice users, particularly in the 
strategies they adopted to complete the task. Subjects with greater prior knowledge and 
expertise followed a more systematic search strategy, whereas novices more often 
adopted a trial-and-error type of approach (random search strategy). A third typical 
strategy that emerged from the result analysis was a focused and selective search strategy 
in which users tended to focus on one, maybe two, variables for the majority of the time. 
 
Although she deserves credit for being a pioneer, in terms of exploratory map use the 
research results of McGuinness et al. were rather meagre. The reasons for this have 
already been given in Section 1.2: the research was too supply-driven, and limited in that 
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the test persons were confronted with a menu of only nine variables to be plotted using a 
few existing, extremely simple and non-manipulable, ways of representation. It should be 
realized, however, that at the time of her research, some 10 years ago, cartographic 
visualization software was still in its infancy (see e.g. Figure 2.7). Today's cartographic 
visualization tools offer the users much greater variety in ways of representation and 
many more possibilities for interaction. 
 

 
 

Figure 2.7 Example of the rather primitive map displays that were used in the research projects of 
McGuinness (source: McGuinness, 1994) 

 
MacEachren's contributions to the theoretic development of exploratory cartography and 
the actual building of concrete geovisualization software tools cannot be easily 
overemphasized. In 1998, he and his colleagues established the GeoVISTA Center 
(Geographic Visualization Science, Technology and Applications Center) (URL 2). This 
may now be considered as one of the world's leading research centres in the field of 
exploratory cartography. Human interaction with geospatial information is one of the 
research foci of the Center, in which "existing and new geovisualization methods and 
tools are assessed and developed from a human-centered perspective that puts the 
emphasis on user needs". From a map use point of view, however, again the "real" user 
tests for the prototypes of the geovisualization software tools that the GeoVISTA staff 
have developed and executed in various research projects so far may still be considered 
as limited and supply-driven. As these prototypes were developed a number of years later 
than the GIS environment of McGuinness et al., they did contain more, and more user-
friendly, cartographic functionalities, and the quality of the map displays was 
undoubtedly better (see Figure 2.8). Still, the HealthVisB prototype geovisualization 
environment built and user-tested by MacEachren et al. (1998) was limited in the sense 
that the subjects were only working with two different map types (a univariate choropleth 
map and a bivariate chorochromatic map), and is supply-driven because the users were 
presented with a ready-made interface organized around a single manipulable map 
(Figure 2.8). With various exploratory cartography tools, the users were able to control 
spatial, temporal and attribute features of the display, in order to analyse mortality causes 
in conjunction with risk factors, but the colour schemes were predetermined. 
 
Finally, also the valuable work done by Andrienko & Andrienko et al. (1999, 2000, 2002 
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and 2003) in developing, first, Descartes and, later, CommonGIS (see Section 5.5) may 
be considered as "supply-driven". What has been missing so far in exploratory map use 
research are "demand-driven" experiments involving real users with concrete geographic 
questions or problems, who still want, and still have to select from, a great variety of map 
types, displaying the geospatial data they want in the way that they want it, with the help 
of generally available cartographic visualization tools and, perhaps, already existing map 
displays. 
 

 
 

Figure 2.8 Example of a map interface with visualization controls from the HealthVisB prototype 
exploratory cartography environment (source: MacEachren et al., 1998) 

 
  
2.5 Conclusion 
 
In this chapter map use and map users have been brought back exclusively to those 
human beings who are using their eye-brain system to find answers to the essentially 
geographic questions they have. In doing so, they may use maps that are printed on paper 
or appear on the display screen of a computer, and they may use maps that are produced 
or generated by themselves or by other map makers. So, maps, collections of maps and 
cartographic visualization software are tools with a clear function. Since the 1950s some 
map use research has already been done that was directed towards testing the 
effectiveness of certain maps or cartographic symbol sets, involving the map users 
themselves. In this chapter a distinction has been made between the more holistic, 
functional map use research and perceptual / cognitive map use research. Whereas 
functional map use research, although sparse, has carried on continuously, the traditional 
psychophysical perceptual research more or less came to an end at the beginning of the 
1980s, after a period of intensive investigation in the 1960s and 1970s. In the 1980s and 
at the beginning of the 1990s most cartographic research efforts went into the technologic 
transition, i.e. the computerization of map making. But in the course of the 1990s a 
renewed interest in map use research emerged, this time directed towards the cognitive 
issues of how maps work. It may be stated that, in all this map use research carried out 
since the 1950s, the test persons were usually confronted with one, or maybe a couple of, 
already existing map displays. Also the little user research that has been executed in the 
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field of exploratory cartography since the beginning of the 1990s has mostly been based 
on test situations in which the users were confronted with already existing (prototypes of) 
visualization systems with only limited functionalities. Although these research projects 
have led to important and useful results, what has been missing so far is research into 
more complex geographic problem-solving in an exploratory cartography environment, 
where potentially a great variety of map types are available to help to answer a variety of 
geographic questions related to a variety of geographic data. Also missing in the map use 
research executed so far is research into the cognitive process that precedes the actual use 
of an existing map or generally available visualization tool: the process in which users − 
being aware of their geospatial data exploration objective − decide to generate, to look up 
or to retrieve, and to use a particular map type or series of map displays. 
 
This research project is one of the first attempts to start filling these gaps. The research is 
holistic and functional in nature, because what is investigated is the functioning of a 
number of maps − alone and in combination − and partly also the functioning of a widely 
available visualization software tool that may be used to generate these maps, in solving a 
complex geographic problem. But, of course, the research has cognitive aspects too. It 
also aims at finding out more about the nature of the geographic problem-solving process 
with the help of map displays. As such, to explain how maps work in an exploratory 
cartography environment is not the research objective. This research is exploratory too, 
and it will also lead to hypotheses that can be tested further in the realm of cognitive 
cartography. For this kind of exploratory research, particular research methods are 
required. They will be presented in the next chapter.  
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3    RESEARCH METHODOLOGY 
 
 
3.1   Introduction 
 
To be able to find answers to the research questions formulated in Chapter 1, an 
appropriate methodology has to be selected. This chapter starts with a brief overview of 
various methods that may be applied in map use research. For the purpose of this 
particular research project, with the aim of finding out more about the cognitive process 
that may be described by the term "exploratory cartography", a qualitative method 
appears to be most suitable, and Section 3.3 contains a description of the main method 
selected: the so-called think aloud method. The advantages and disadvantages of the 
think aloud method are presented here as well. In Section 3.4 some examples are given of 
earlier applications of this particular method in map use research. This chapter concludes 
with a summary of the feasibility and suitability of the method for this research project 
and with an overview of the way it is actually applied here, in combination with some 
other research techniques.  
 
 
3.2   Methods of map use research  
 
From the point of view of the type of information sought, quite a number of the 
functional and perceptual / cognitive research projects described in Section 2.3 were of a 
quantitative nature. A study is considered to be quantitative if the researcher wants "… to 
quantify the variation in a phenomenon, situation, problem or issue, if information is 
gathered using predominantly quantitative variables, and if the analysis is geared to 
ascertain the magnitude of the variation" (Kumar, 1999, p. 10). For instance, one way of 
doing functional map use research is to measure how long it takes for a subject to execute 
a particular map use task and also to measure how many subjects arrive at the "correct" 
answer (see e.g. Brodersen et al., 2002, Appendix D). The psychophysical tests of 
Flannery (see Figure 2.3) form another typical example: the quantitative test results 
actually led to a mathematic formula for the apparent-magnitude scaling of proportional 
point symbols. In a similar way, the quantitative research into the perception of graded 
series has led to recommendations for the use of concrete percentage tint screens in map 
production (Brown, 1980). In many other, more general, empirical map use research 
projects in which the perception of map symbols was investigated (see e.g. Bollmann, 
1981), and hypotheses were formulated and tested, quantitative and statistical methods 
were used to obtain and analyse the results of tests with map users. It should be noted that 
the rise of map use research since the 1950s coincides with the "quantitative revolution" 
in geography, a discipline that was, and still is, closely related to cartography (McAdams, 
1998).  
 
Some 20 years ago, however, repelling reactions to this quantitative revolution in 
geography were on the increase. In other social sciences too, the emphasis on purely 
quantitative research was criticized, for instance, because "… a purely quantitative logic 
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would simply rule out the study of many interesting phenomena relating to what people 
actually do …" (Silverman, 2000, p. 7). As a consequence, a growing interest could be 
noted in qualitative methods of research. Kumar (1999, p. 10) classifies a study as 
qualitative if: 
 

"the purpose of the study is primarily to describe a situation, phenomenon, problem or 
event; the information is gathered through the use of variables measured on nominal or 
ordinal scales (qualitative measurement scales); and if analysis is done to establish the 
variation in the situation, phenomenon or problem without quantifying it." 

 
In scientific research, some over-reaction could be noted in the repelling of the 
quantitative revolution, and there were (and are) also signs of a qualitative-quantitative 
dichotomy, or even polarization (Silverman, 2000, pp. 11-12). However, in most fields of 
research both approaches may be applied successfully, very often in combination. It is the 
purpose of the research that determines whether the method used is of a more qualitative 
or more quantitative nature.   
 
Going back to map use research again, in Section 2.3 it was indicated that the number of 
empirical research projects involving the map users themselves decreased in the 1980s. 
Indeed, this coincided with the questioning of the quantitative approach, but, as indicated 
in Section 2.1, an emphasis on research related to the technologic transition in map 
production forms a more logical explanation for this decrease. Nevertheless, since the 
1990s, there has been a growing research interest in the users themselves again, and, 
similar to what happened in human geography and in other social sciences a couple of 
years before, in map use research too the rise of the application of qualitative methods is 
clearly noticeable (see e.g. Suchan & Brewer, 2000). Indeed, these qualitative methods 
also fit in well with the more recent cognitive map use research in which answers are 
sought to questions such as how do maps work in knowledge construction, for instance, 
in an exploratory cartography environment. Still, very little is known about this and, 
therefore, it is difficult to formulate hypotheses for testing by means of quantitative 
methods. Much of current map use research in exploratory cartography cannot but have 
an exploratory nature too. The results should be used for the formulation of new 
hypotheses, which may then be tested in further map use research. 
 
This is definitely the case in this PhD research project, if only because it also focuses on 
the cognitive process of finding, selecting, retrieving, adjusting or generating private map 
displays in complex geographic problem-solving. This process, involving a variety of 
maps, has hardly been investigated as a possible means of providing answers to a variety 
of geographic questions. Therefore, it seems appropriate to first apply a method of map 
use research that is more qualitative in nature.  
 
In doing so, a choice has to be made between several ways of collecting primary data on 
cognitive processes in problem-solving (Morrison, 1981). Kumar (1999, pp. 104-126) 
makes a distinction between three main methods of primary data collection: observation, 
interviews and questionnaires. Suchan & Brewer (2000, p. 149) and van Someren et al. 
(1994, p. 15) add a relevant fourth category: product analysis. To start with the latter, it 
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may be useful indeed to compare the outcomes of the geographic problem-solving 
activities in an exploratory cartography environment of different test persons. However, 
product analysis alone will not be enough to learn more about the actual problem-solving 
behaviour. An interview with test persons may take two different forms: structured and 
unstructured (Kumar, 1999, p. 104). During an unstructured or in-depth interview − 
which may also be executed with a (focus) group of respondents collectively (Suchan & 
Brewer, 2000) − questions are formulated spontaneously, albeit within an interview 
framework. The advantage is that a lot of in-depth information can be gathered when 
little is known of the problem under investigation. But the disadvantage is that it is 
difficult to compare the questions addressed to, and the answers obtained from, different 
respondents. Besides, bias may be introduced by the interviewer as he or she gains 
experience in the course of the interviews, or by the most "dominant" members of a focus 
group. With structured interviews, comparability of data is more assured because the 
researcher always asks the same predetermined set of questions in the same order. This is 
also the advantage of a written questionnaire (Kumar, 1999, p. 105). Such a 
questionnaire may also be completed by the respondent without the investigator being 
present. Mailed questionnaires can save (travel) time, but it is not possible to explain, if 
necessary, the meaning of the questions posed, and the response rates may be low.  
 
Questionnaires or structured interviews may be used to investigate cognitive processes in 
problem-solving without asking the subjects to actually execute one or more tasks (van 
Someren et al., 1994). But when the problem is complex, as in an exploratory 
cartography environment, it will then be difficult to obtain useful and comparable results. 
Therefore, to be able to meet the objectives of this exploratory map use research project, 
and to find answers to the research questions listed in Section 1.3, a clear and concrete 
task has been defined for the test persons: the construction of a hypothetic cartographic 
model of Overijssel. To control the execution of this task by various test persons, a 
uniform research environment had to be created with a standard set of exploratory 
cartography tools that may be used in problem-solving. This actually brings investigator 
and subjects together and rules out the need for a mailed questionnaire. In such a research 
context, it is also important to think of the moment at which the data are collected: during 
or after the problem-solving. Van Someren et al. (1994) mention the following examples 
of research methods: retrospection, questioning and prompting subjects during the 
problem-solving process, and a method called introspection. In the case of retrospection, 
the investigator interviews the subject in a structured or unstructured way after 
completion of the task, i.e. after the problem-solving. If this is done, it is best done as 
soon as possible. In theory, the subject may be given a written questionnaire and asked to 
complete it as soon as possible after returning home, but this may negatively influence 
the response rates, as well as the validity of the answers (because of possible 
misinterpretation of the questions and because of problems of recollection). The 
recollection problem may be reduced by trying to obtain information during the problem-
solving process. It may be that the investigator asks questions during the process or 
prompts the subject to tell what he or she is doing; it may be that the subject chooses the 
moments at which he or she reports on their cognitive process (van Someren et al., 1994). 
The latter is called introspection. 
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The problem with introspection, or questioning or prompting during the problem-solving 
process is that the data may become less valid owing to disturbance of the cognitive 
process. This disturbance does not occur with retrospection, but the data obtained in that 
way may be invalid and incomplete owing to memory errors on the side of the subjects. 
But perhaps the biggest source of distortion and invalidity of the data obtained through 
retrospection, questioning and prompting during problem-solving, and introspection is 
the danger that subjects feel inclined to interpret and rationalize their problem-solving 
behaviour (van Someren et al., 1994). Another possible problem with interviews and 
questionnaires is that subjects may be steered too much into directions predicted by the 
investigator.        
 
These problems do not occur if information is obtained by observing the problem-solving 
behaviour while it takes place. As Kumar (1999, p. 105) puts it: "Observation is a 
purposeful, systematic and selective way of watching and listening to an interaction or 
phenomenon as it takes place." In simple observation, the investigator may watch the 
subjects during their problem-solving and make notes. However, in this way the research 
results would not be verifiable and, therefore, it is required to make use of special 
equipment to record the observations. This also makes it possible to carefully analyse the 
observations at a later stage. To this end, the recordings of the observations can be turned 
into so-called action protocols (van Someren et al., 1994). During the observations, use 
can be made of video recordings and of advanced techniques to register, for example, eye 
movements or activities of the brain. And as in a modern exploratory cartography 
environment there is also interaction with the geographic data through a computer 
interface, there should also be some kind of logging of the changes that occur on the 
display screen. A general problem with using observation as a method of data collection 
is that subjects may change their behaviour when they are aware that they are being 
observed. This is known as the Hawthorne Effect (Kumar, 1999, p. 106). An even bigger 
problem is that the analysis of video recordings and computer logs, just like the analysis 
of the resulting products, cannot provide complete in-depth information on the cognitive 
processes that take place in the minds of the subjects. We want to know not only what the 
test persons are actually doing, but also why they are doing it and what they are thinking. 
Therefore, in this research project use is also made of the so-called think aloud method. 
 
 
3.3  The think aloud method 
 
The think aloud method involves the analysis of recorded verbal (and action) protocols 
that result from asking subjects to voice their thoughts when executing particular 
problem-solving tasks (Ericsson & Simon, 1993; van Someren et al., 1994; Suchan & 
Brewer, 2000). The thinking aloud is recorded by means of audio and / or video 
techniques, and these recordings may be used to derive protocols. Figure 3.1 gives an 
overview of the way in which these protocols are analysed so as to arrive at valid results 
and prevent observer bias as much as possible.  
 
A hypothetic model of problem-solving is used to develop a coding scheme with which 
each utterance of the subject during the think aloud session may be coded. The raw 
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protocols resulting from the think aloud sessions are usually coded after an intermediate 
stage of segmentation. The coded protocols are then compared with the hypothetic / 
predicted protocols derived from the theoretic model. This comparison forms the 
essential part of the think aloud method. 
 

����
�������� �	
��� ��

���������

�����
�
�������
�����

��
����
�
���
�

���������

���
�
���������

�
��
��
�
���������

���������	
�
  
 

Figure 3.1. Protocol analysis: an overview (after van Someren et al., 1994, p. 38) 
 

The think aloud method has become an important tool in disciplines such as psychology, 
knowledge engineering and educational science. The method may be used, for instance, 
to test the effects of education or the difficulties that pupils experience when solving 
exercise problems (van Someren et al., 1994, p. 14). The method may also be used to 
improve the control and design of household equipment, as well as user interfaces of 
computer software, and to test the effectiveness of websites. There are other examples of 
successful applications of the method in architecture (e.g. Hamel, 1990) and in linguistic 
research (e.g. Jansen & Steehouder, 1989). The latter has led to considerable 
improvements in the effectiveness of official forms (e.g. tax papers) and instructional 
texts such as computer manuals. This is because the think aloud method leads to valid, 
and the most complete, data on cognitive processes (also see Ericsson & Simon, 1993, p. 
30).  
 
In many cases, the think aloud method is a unique source of direct and in-depth 
qualitative information on cognitive processes (McGuinness, 1994, p. 187). There 
appears to be hardly any disturbance of the thought process; talking aloud during 
problem-solving is done almost automatically by many people. There is no problem in 
memorizing the thoughts that come up, as they are voiced immediately. Furthermore, 
subjects do not give an interpretation, rationalization or explanation of their thoughts; nor 
are they required to bring them into a predefined form, as in the structured techniques 
discussed in Section 3.2. 
 
But, of course, the think aloud method does not have advantages only. There are some 
serious drawbacks. First of all, it is a very time-consuming method. It is not only the data 
collection that takes time, but particularly the coding and analysis of the verbal and action 
protocols. This disadvantage may be one of the reasons why the think aloud method has 
not been used a lot in map use research in the past (see Section 3.4). The analysis of the 
resulting protocols is often difficult and tedious as well. When all test persons get the 
same clear, concrete task to execute, some unnecessary variety in the resulting protocols 
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may be prevented, but, most likely, they will still differ very much in situations of 
complex problem-solving such as in exploratory cartography. Fortunately, nowadays 
computer software is available to help with the analysis of qualitative data (Smith et al., 
1993). MacEachren (1998) has reported the usefulness of packages such as ATLAS.ti 
(URL7) (also see MacEachren et al., 1998). But not even these packages will completely 
remove the disadvantage of the researcher's freedom of data interpretation. Another 
disadvantage is that think aloud protocols may be incomplete because respondents only 
verbalize part of their thoughts, for instance, because verbalization does not keep up with 
the cognitive process. A solution to this − and to the problem of data interpretation − is to 
discuss the analysis of the verbal protocol with the subject in retrospect. This should be 
done as soon as possible after the analysis has been made. Alternatively, the recorded 
protocol may be reviewed with the subject immediately after the think aloud session (and 
recorded again) so as to obtain additional information. A final major disadvantage is that 
respondents may find it difficult to translate their thoughts into words. There are 
substantial differences in verbalization skills between people (van Someren et al., 1994, 
p.35). And also when thinking aloud, subjects are often tempted to say what they think is 
expected by the researcher. The subjects may perhaps be wondering what and who is 
being tested, and some of them may be stressed in the unnatural situation of a think aloud 
session. 
 
In problem-solving situations similar to our exploratory cartography example, reasoning 
in the mind is not only verbal but also partly spatial and visual. The visual thinking with 
the help of maps will not be reflected well enough if only an audio recording is made of 
the think aloud session. In exploratory map use research, it is also required to record 
which maps are retrieved or actually generated during the cognitive process. In addition 
to the verbal protocols, action protocols or transaction logs need to be made (MacEachren 
et al., 1998). If use were to be made of hard-copy maps only, video-recording techniques 
would do. These video recordings could also help to explain the cognitive processes 
taking place, as expressions on people's faces (mimics) and their gestures may partly 
betray what they think but perhaps do not say. But if the map displays are generated with 
the help of a cartographic visualization tool, as in this research project, full insight into 
the interaction with the software and the cartographic displays and other images that 
appear on the computer screen is required as well. All changes that occur in monitor 
screen displays may, for instance, be recorded with the help of special computer logging 
software such as Lotus ScreenCam or Microsoft Camcorder. The resulting action 
protocols could then be analysed in conjunction with the verbal protocols. Finally, when 
maps are used in explorative cartographic problem-solving, the recording of eye 
movements could also be considered for investigating the spatial and visual reasoning in 
the mind, in conjunction with the registration of the thinking aloud, the video recordings 
and the computer logging. As indicated in Section 2.3 above, the technique of eye 
movement registration has already been applied in map use research. However, not only 
does the study of eye movements presuppose an already existing individual map display, 
but the studies that have been executed also demonstrate that the interpretation of eye 
movements is very difficult. Therefore, the technique of eye movement registration will 
not be applied in this research project. The think aloud method definitely has a greater 
potential for answering the research questions listed in Chapter 1. 
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3.4  Earlier applications of the think aloud method in map use research 
 
Despite its potential, the think aloud research method described in broad lines in the 
previous section has not yet been used much in the cartographic discipline. Still, it has 
been applied several times, particularly, of course, in map use research projects. For 
example, Ungar et al. (1997) used the method to learn more about strategies for 
knowledge acquisition from tactile maps by blind and visually impaired people. Board 
(1997) applied the think aloud method and protocol analysis in researching regional 
recognition and delimitation from topographic maps, and Wood and associates used it to 
investigate contour pattern reading strategies (Kinnear & Wood, 1987; Gilhooly et al., 
1988). Board, Wood and Ungar all refer to original work of Thorndyke & Stasz (1980). 
Crampton (1992) used the think aloud method to test the ability to understand an 
orienteering map and to apply its information to a wayfinding task. He made an important 
contribution to the further development of the method by introducing so-called behaviour 
graphs for the analysis of protocols. Heidmann & Johann (1997) applied the think aloud 
method to find out more about the use of screen maps, and Kulhavy et al. (1992) applied 
it to determine how people acquired information from a map of the ancient Mayan world. 
All this research was directed towards the cognitive processes that take place when users 
obtain information from already existing and − up to now − also single static maps.  
 
In Section 2.4 the few examples that exist of map use research in the field of exploratory 
cartography were discussed. Mention was made in particular of the work of McGuinness 
et al. and MacEachren et al. In their map use research, they both made use of the think 
aloud method. After piloting, however, McGuinness et al. (1993, p. 481) came to the 
conclusion that thinking aloud disrupted the performance of the test persons: they often 
fell into silences and found prompts to think aloud distracting. A possible explanation 
could be that, at the time of the experiments of McGuinness et al. (more than 10 years 
ago), the subjects had not yet become familiar with generating their own maps in an 
exploratory cartography environment and, consequently, all their attention was directed 
towards using the software, leaving little room for concurrently verbalizing their 
thoughts. McGuinness and her colleagues decided just to videotape the subjects as they 
executed their tasks. Immediately after the completion of a task, the videos were replayed 
and the subjects were asked to provide a running commentary on their own performance. 
This commentary was dubbed onto the video. As indicated in Section 3.2, the 
disadvantage of this form of retrospection is that the subjects may feel inclined to 
interpret and rationalize their earlier behaviour and, perhaps, to provide the "desirable" 
answers they think the investigator is more or less expecting from them. In a later stage 
of this research project, hypotheses generated by means of retrospective thinking aloud 
were tested through asking subjects to complete questionnaires, again after task execution 
(McGuinness & Ross, 1995).   
 
In the exploratory map use research executed in the GeoVISTA Center, experience was 
also gained with the think aloud method. For instance, in the research project mentioned 
in Section 2.4 the investigators learned that: "A combination of interaction logs and 
verbal protocols yields a rich set of evidence concerning system use and visual thinking 
prompted by that use" (MacEachren et al., 1998). In this project, test persons were asked 
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to verbally comment (as they worked) on what they were doing (i.e. system interactions), 
and what they were seeing (i.e. map and system interpretations). They were specifically 
asked not to justify their actions, which were also videotaped. From the videotape the 
verbalizations were transcribed and segmented. Each verbal unit was tagged with its start 
time in order to link verbal units with interaction logs. MacSHAPA software was used to 
organize and analyse the combined verbalization and system log data. Apparently, the 
quality of the results is such that the think aloud method is still consistently used in the 
GeoVISTA Center (see e.g. Griffin, 2003). It is an important element of the Center's 
software environment for cognitive and usability studies (Haug, MacEachren & Hardisty, 
2001). But in the map use research projects executed at the GeoVISTA Center, the 
cartographic functionality of the visualization systems investigated was usually rather 
limited, and the nature of the experiments was − in view of the cartographic tools offered 
− perhaps too supply-driven as well. For instance, not much attention was paid to the 
question of whether or why the user would think of generating or retrieving a particular 
map at all. But currently these are the only research examples that come close to the 
investigations in this PhD research. In any case, the projects at the GeoVISTA Center 
demonstrate that potentially the think aloud method is a very useful way of obtaining data 
on the cognitive processes involved in exploratory cartography too. 
   
As already indicated in Section 2.4, as yet there is no evidence of substantial "demand-
driven" exploratory map use research projects in which the cognitive processes involved 
in selecting map displays from among a great variety of map types are also investigated, 
next to the generation, possible adjustment and actual use of these map displays. For 
research with this objective, it looks like the think aloud method may profitably be used 
for generating hypotheses. But other research techniques will be used in conjunction.  
 
 
3.5  Conclusion: the methodology selected for this research 
 
As yet there are no solid scientific theories on the use of maps in the exploration of 
geographic data or on the use of cartographic or geographic visualization tools. 
Therefore, this research project is exploratory in nature and directed towards the 
generation of hypotheses to be tested in further research. For this kind of exploratory or 
inductive research, a combination of qualitative research techniques centred round the 
think aloud method and leading to verbal and action protocols to be analysed appears to 
be most promising. 
 
In this research project, the thinking aloud will be recorded on videotape, together with 
images of the test persons interacting with map displays generated by the cartographic 
visualization software and with paper maps that are also considered to be part of the 
database. The changes on the monitor screen are recorded separately by means of 
interaction logs. Nevertheless, a video camera is still required, not only because of the 
incorporation of the use of paper maps in this research, but also because the subjects' 
gestures and mimics may partly betray what they think but perhaps do not say. Possible 
verbalization problems while thinking aloud will also be alleviated in this research 
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project by putting the operation of the cartographic visualization software in the hands of 
a research assistant, who will be instructed to execute only the orders of the test persons. 
The involvement of a research assistant − by preference not the researcher himself, in 
order to maintain scientific objectivity as much as possible − may also reduce a potential 
bias as a consequence of differences in the test persons' working knowledge of the 
cartographic visualization tool applied. However, such differences, for instance, in 
knowing what kind of map displays may be supplied by the software, may still have a 
negative impact on the results of this research project, which is first of all aiming at a 
demand-driven approach. Therefore, knowledge of the visualization tool applied will be 
one of the characteristics of the test persons that will be established by means of a 
questionnaire before the actual start of the think aloud sessions. This questionnaire will 
also contain questions on, among other things, knowledge of the sample region 
Overijssel, experience in using map displays, and experience in executing regional 
exploratory studies. 
 
In order to deal with the disadvantages of the think aloud method as listed in Section 3.3, 
the think aloud session with some of the subjects will be followed by letting them watch 
and listen to the video recordings and interaction logs, and then asking them to comment 
in retrospect. This commentary will again be recorded and transcribed into verbal 
protocols for later analysis. Finally, in this research project the execution of the 
geographic problem-solving task will also lead to results or products that can be 
analysed: hypothetic cartographic models of the region of Overijssel. By means of 
separate, but synchronized, interaction logs, the interactive construction of these models 
will be registered as well.  
 
So, a combination of methods and techniques will be applied in this research project, 
centred around the think aloud method. It will lead to verbal and action protocols which 
are tested against predicted protocols, derived from a model of geographic problem-
solving. The specific characteristics of the test persons - needed for the analysis of the 
protocols - are obtained through questionnaires. And if this analysis is complemented by 
retrospection and product analysis, the data collected by this combination of research 
methods cannot but lead to a better insight into some aspects of exploratory cartography. 
The knowledge obtained can be used to develop new hypotheses for testing as well as, 
hopefully, more effective cartographic visualization tools. 
 
It is not unlikely that within a few years from now speech recognition systems will have 
replaced human-computer interfaces based on keyboard or mouse pointer input. This may 
also be the case in an exploratory cartography environment. The application of the think 
aloud method may also lead to a set of concrete and structured instructions that may form 
the basis for a speech recognition system in an exploratory cartography environment. If, 
by then, we already know more about the cognitive processes going on in the minds of 
geo-scientists, and the series of geographic questions they are posing, we may perhaps 
think about expert systems again. Such an expert system for exploratory cartography may 
offer the required cartographic visualization functionality as a reaction to voiced 
geographic questions.
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4    A PARTICULAR MAP USE OBJECTIVE:  
   REGIONAL EXPLORATORY STUDIES 
 
 
4.1   Introduction 
 
In Section 2.2, when discussing map use in exploratory cartography, I suggested a clear 
distinction should be made between the overall objective of the geospatial data 
exploration, the various analytic or geographic tasks that are, or have to be, executed to 
meet that overall objective, and the map use activities that are undertaken during the 
execution of these tasks. The specific geospatial data exploration objective that has been 
selected as a case study in this particular research project is to gain insight into the 
geography of an unknown region. This is the traditional objective of the regional 
exploratory studies that are commonly pursued by (regional) geographers and, therefore, 
they were selected as the user group in this research project (see Section 5.6). Their 
concrete assignment was to construct a graphic model of the Dutch province of Overijssel 
(see Section 5.2). 
 
The purpose of this chapter is to model this particular process of geographic problem-
solving (cf. Section 3.3 and Figure 3.1) as far as possible. In order to gain insight into the 
geography of an unknown region, various geographic tasks have to be executed. They are 
discussed in Section 4.2 below, and the map use activities that are undertaken to execute 
these tasks are discussed in Section 4.5. Obviously, there is also a direct relationship 
between these tasks and the geographic data that are required to meet the overall 
exploration objective. Therefore, these data are the subject of Section 4.3, while Section 
4.4 deals with the map types that may be required to execute regional exploratory studies. 
All these four sections, plus Bertin’s "rules of cartographic symbol design" (discussed in 
Section 2.3), provide the building blocks for the map use and map selection matrices that 
are presented in Section 4.6. Together, these matrices can be considered as the 
operationalization of the hypothetic model of geographic problem-solving into a coding 
scheme and a predicted coded protocol (see Figure 3.1), both of which are going to be 
used in this research project to process and analyse the ways in which the test persons go 
about their regional exploratory studies.  
 
 
4.2   Geographic questions and map use tasks in regional exploratory studies  
 
To be able to model this process of geographic problem-solving, an analysis was made of 
the tasks involved in meeting the overall map use objective of gaining insight into the 
geography of an unknown region. In particular, information was collected from within 
one specific discipline of the science of geography: regional studies or regional 
geography.  
 
First of all, it should be realized that by far the majority of geographers do not conduct 
their research for the world as a whole. The geographic datasets with which they are 
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working, in case studies and the like, usually have reference to a particular part of the 
world only, and the scale concept is always of great relevance. But be it at micro or 
macro level, a particular area or region is normally the object of study of all geographers. 
In the earliest stages of specific regional studies, the data, and the information behind 
them, are still "raw" and comparatively unknown to the regional geographers. Therefore, 
these scientists usually start exploring them in order to gain understanding and insight 
into the dataset and into the region. Hence the notion of regional exploratory studies.  
 
It was surprisingly hard to find geographic textbooks with clear and systematic overviews 
of the nature of the questions posed by regional geographers in situations like this. Way 
back in 1984, Board had already made a selection from a list provided by Slater (1982). 
But most of the bits and pieces for the formulation of hypotheses regarding the essential 
geographic questions in regional exploratory studies had to be collected from the analysis 
of actual regional study reports (e.g. Hauer et al., 1998) and university geography 
courseware (e.g. Utrecht University, 1997). The illustration below (Figure 4.1) 
summarizes my own hypotheses about the geographic questions posed in regional 
exploratory studies.  
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Figure 4.1 Questions in regional exploratory studies 
 
An important question that crops up in the process of exploring geographic data is the 
delimitation of the region. When use is made of administrative boundaries, such as the 
boundary of the province of Overijssel in this research project, the delimitation is clear 
but most of the time arbitrary, as the real spatial distribution of the data usually does not 
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coincide with administrative boundaries. This problem also plays an important role when 
regional geographers want to delimit subregions within the region under study.  
(Sub-)regionalization seems to be a major goal in geographic data exploration (also see 
e.g. Innes, 2003, p. 732) and reflects the desire to determine the regional structure. 
Questions directly related to this regional structure are the searches for spatial patterns, 
spatial anomalies and spatial differentiation (versus spatial uniformity). When exploring 
geographic data, regional geographers will also ask themselves questions about the 
spatial relationships between the data in the dataset. These questions may refer to a 
comparison of spatial patterns − resulting in conclusions with respect to spatial 
dependencies, spatial correlations or spatial conflicts − in order to define the regional 
structure. Or they may refer to relationships leading to spatial processes such as 
commuter movements or water run-off. This also leads to relevant questions into the 
spatial context of the region under study, i.e. the various influences from outside the 
region. In this respect the scale concept is again relevant, as the regional geographer may 
want to operate at different scale and aggregation levels when exploring a particular 
geographic dataset. Finally, it is important to consider spatial changes in time, or 
temporal patterns. The analysis of spatial trends may lead to predictions of future 
developments and is, therefore, an essential element in physical planning.  
 
Spatial models may be used not only when dealing with these questions but, in fact, when 
dealing with almost all geographic data exploration questions, for example, those related 
to spatial comparisons. When I refer to spatial models here, I do not just mean graphic 
models of reality (composed of so-called chorèmes (Brunet, 1980)) that may be 
constructed by the researchers during their regional exploratory studies (and, in fact, also 
form the concrete task of the test persons in this user research project (see Section 5.2)). I 
am also referring to theoretic or hypothetic spatial models (cf. Ormeling, 1986) that may 
be compared with the real situation in a particular region (see e.g. Terlouw, 2002). In this 
connection, it should be observed that the ways in which the geographic questions are 
posed and the answers interpreted are not only dependent on the background and 
experience of the regional geographers involved, but will also be influenced by their 
preconceived spatial conceptions of the region under study and the expectations that 
already exist in their minds. In this respect, existing maps of the region under study may 
also play a, perhaps questionable, role. After all, to a certain extent every map display 
will also be an interpretation of geographic reality by the map maker (Kolacny, 1970; 
Robinson & Bartz Petchenik, 1976). These factors will have to be taken into account 
during the user tests and, of course, in the interpretation of the results.  
 
In a more systematic way, the various questions involved in gaining insight into the 
geography of an unknown region could be as listed in Table 4.1, together with their 
corresponding map use tasks, which are expressed by means of verbs. 
 
Board (1984, p. 86) summarizes the geographic questions into those involving location 
and extent, distribution and pattern, spatial association, spatial interaction and spatial 
change. But it is, perhaps, more important to realize (as Nyerges (1991) did) that these 
questions have an increasing level of complexity. In Table 4.1, this is reflected by the 
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grouping of geographic questions and their related tasks into the main categories: 
elementary, intermediate, temporal and overall. This grouping is comparable to Bertin's 
distinction of levels of reading, way back in 1967 (Bertin, 1967). Bertin (1983, p. 140) 
and others (e.g. Ormeling & Anson, 1996, pp. 75-79) also pointed to the following 
successive stages in the map reading process: external identification (in the mind), 
internal identification (in the graphic image) and perception of pertinent (new) 
correspondences. These stages match up with the tasks indicated in Table 4.1 by the 
verbs "to recognize", "to identify" and "to discover" respectively.  
 

Table 4.1 Map use tasks with relation to the geographic questions addressed 

 
Geographic questions Tasks 

 
Elementary 
What is there?      1. to recognize objects (external identification) 
At a given place, what is there?   2. to identify objects (internal identification) 
At a given place, ho much is there?   3. to estimate amounts 
Where is that geographic object?   4. to locate an object 
 
Intermediate 
What is near that geographic object?   5. to position with respect to other objects 
What is the distance to similar/other objects?   6. to define relative / absolute distance 
Is that geographic object linked to other objects?   7. to encounter spatial linkages 
Why is a geographic object there?    8. to explain a location 
What is the spatial distribution of that object?   9. to find order, patterns or spatial anomalies 
Where is the most / least? 10. to quantify spatial anomalies 
Where are the limits of a spatial distribution? 11. to delimit a distribution 
What comes in / what goes out? 12. to connect a region to the outside world 
 
Temporal 
Has that geographic object always been there? 13. to determine changes 
Have the spatial distribution patterns changed? 14. to establish trends 
Which spatial processes are taking place? 15. to detect processes 
 
Overall 
What are the influences from outside the region? 16. to contemplate spatial context 
What relevant patterns are there? 17. to recapitulate the found patterns 
Are there relationships between spatial patterns? 18. to discover correlations / dependencies / conflicts 
Which factors cause the regional structure? 19. to structure the geographic information 
Can different (sub-)regions be identified? 20. to regionalize 
What are the region's geographic characteristics? 21. to obtain insight into and overview of the region 

 
Although, in doing so, there is a potential danger again of mixing up map use tasks and 
activities, the order in which the map use tasks are usually executed, and more or less the 
order in which they are presented in Table 4.1, could also be described by the map use 
sequence: map reading − map analysis − map interpretation (as done by Muehrcke & 
Muehrcke, 1992). In the light of the map use tasks, this is a cognitive process that starts 
as soon as a map user is confronted with a cartographic display (also see Clarke, 2003, p. 
716). 
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In considering this cognitive process, Olson (1976) also distinguishes three levels of map 
reading tasks (to differentiate between individual symbols, to recognize the properties of 
symbol groups, to attach meaning to symbols / symbol groups). But these are levels in the 
process of relating the cartographic symbols to what they actually represent, and only the 
highest level concerns what the symbols mean or stand for. Therefore, this is a different 
kind of distinction from the one into levels of geographic questions and related map use 
tasks, as shown in Table 4.1. In the strain of Olson, and in the terminology of Board 
(1984), Table 4.1 limits itself to the higher-order map using tasks. What is important here 
is to distinguish clearly the invisible cognitive tasks, or mental constructs, listed in Table 
4.1, from the externally noticeable map use activities, as presented further on in Table 4.4 
(see Section 4.5).  
 
 
4.3  Geographic data 
 
In Table 4.1, a distinction is made between geographic questions ranging from 
elementary (analytic) to overall (synthetic). Indeed, it should also be realized that in 
complex regional explorations like this, users would usually first have to, and want to, 
consider various aspects of the geographic data separately. For developers of exploratory 
cartography tools, it is also important to know, or to find out, which geodata are required 
by the users, and in which way or in which order they will be analysed. For this particular 
cartographic exploration, with the overall objective of gaining insight into the geography 
of an unknown region, a geographic database of the province of Overijssel has been 
created (see Section 5.3), structured on the basis of some main categories of geographic 
themes, as shown in Table 4.2. 
 
The geographic themes are divided into subcategories. The data in the various (sub-) 
categories can be explored separately or in combination. In view of the possible 
geographic questions with a temporal component, users can also specify the dates (years), 
or series of dates, for which they want to explore the data. In a similar way, users may 
want to explore the data at different aggregation levels (e.g. neighbourhood, district, 
municipality, etc.). Finally, a user may want to specify the geographic extent of the data: 
the region as a whole, just part of the region, or the region and its surroundings (so as to 
be able to put the regional data in a geographic context).  
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Table 4.2 Categories of geographic themes for regional exploratory studies 
 
Geographic themes  

 
TO Topography 
      
PL Physical planning 
          
HI History 
   
EN Environment           
 ENai Air  

ENla Landscape         
 ENlu Land use 
 ENwa Water 
 
PG Physical geography 

PGge Geology 
PGgm Geomorphology 
PGrl Relief 

 PGso Soil 
 
PO Population 
 POam Age and marital status  
 PObd Births and deaths 
 POde Density and distribution 
 POed Education 
 POgr Growth 
 POho Households 
 POin Income and expenditures 
 POih Inhabitants (total number and sex) 
 POmi Migration and commuting 
 POoc Occupation 
 POor Origin 
 POpl Politics 
 POur Urbanization 
 
HO Housing 
 
EC Economy 
 ECag Agriculture 
 ECbu Businesses 
 ECem Employment 
 ECin Manufacturing industry 
 ECre Retail trade 
 ECsi Service industry 
 ECtr Traffic, transportation and communication 
 
WE Welfare 
 WEpr Provisions (e.g. health, education, sports, shops) 
 WEre Recreation 

WEto Tourism 
 

OT Other 
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For a cartographic representation in line with the "rules" of the grammar of cartography 
as derived from Bertin (1983; also see Section 2.3), several characteristics of the 
geographic data need to be considered: measurement level, dimensional properties, 
discreteness and temporality. 
 
Four different measurement levels are usually distinguished with respect to geographic 
data: nominal, ordinal, interval and ratio. 
• Qualitative information on the different nature or identity of things is measured on a 

nominal scale, e.g. the difference between arable land, pasture land, built-up area and 
forest. 

• Information with a clear element of order − though not quantitatively determined − is 
measured on an ordinal scale, e.g. the difference between highway, primary road, 
secondary road and track. 

 
And there are two types of information related to amounts: 
• On the interval measurement scale the ranking of and the interval between the data are 

quantitatively determined, but the zero point is arbitrary (e.g. temperature or altitude 
data). 

• Ratio data are ranked on a quantitative scale with an absolute zero (e.g. number of 
employees or production figures). 

 
With respect to quantitative data, it is also relevant to make a distinction between 
absolute quantities and relative quantities: 
• Absolute quantitative data are observed, measured or counted (e.g. number of persons 

or number of tons produced). 
• Relative quantitative data are calculated or derived (e.g. densities, ratios, percentages 

or averages). 
 
According to their dimensional properties, geographic data are traditionally classified 
into point, line and area data: 
• Point data are features of small territorial extent in relation to map scale. 
• Line data are linear features such as roads and rivers. 
• Area data are features of considerable areal extent in relation to map scale (e.g. forests 

or lakes). 
 
Another characteristic of geographic data is whether they are continuous or discrete: 
• Continuous geographic data extend over space unbroken and without interruption (e.g. 

air temperature or rainfall). 
• Discrete geographic data are distinguishable individual entities that do not occur in 

between spatial observations (e.g. locations of factories or iron ore production from 
mines). 

 
And, finally, for their cartographic representation it is also important to know whether the 
geographic data have a temporal component or not, i.e. do they reflect the situation at one 
particular moment in time or are the data about changes, processes, developments, etc. In 
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this way, a distinction can be made between static and dynamic geographic data. 
Nowadays, dynamic data may be represented by means of animated maps in which so-
called dynamic visual variables are applied (Kraak & Ormeling, 2003, pp. 163-167). The 
application of these dynamic visual variables is not taken into consideration in these 
investigations, but is the subject of another PhD research project (Blok, forthcoming).  
 
This extensive description of the different characteristics of geographic data that 
geographers may ask for during their regional exploratory studies is included here 
because one of the research questions investigated here, and presented in Chapter 1, is 
whether users who generate their own map displays in order to find an answer to a 
specific geographic question make proper use of the rules of the grammar of cartography 
(as described in Section 2.3). And other research questions are: Are users aware of the 
correct or incorrect application of these rules in existing map displays? And what are the 
effects of an incorrect application of the rules of cartographic symbol design in map 
displays generated for the exploration of geographic data? For decades, cartographers 
have pointed to the many (design and other) mistakes made by non-cartographers in 
generating their own maps with the help of the computer (e.g. Liebenberger, 1976). 
Nowadays, however, some people are arguing that a correct application of these rules is 
less important for maps created in the private realm than for those intended for visual 
communication (cf. Figure 1.1). It is argued that a non-cartographic producer of map 
displays who will also be their only user does not need to bother about the rules of 
cartographic symbol design "as long as one understands one's own maps" (Kraak & 
Ormeling, 2003, p. 2). But is the user aware of all the cartographic techniques and 
methods of representation that may be used in geographic data exploration? And does he 
or she know what method may best be applied in what circumstances? And who decides 
whether the user actually understands from the maps the real spatial characteristics of the 
underlying geographic data?   
 
 
4.4  Map types 
 
Indeed, after this overview of the nature of geographic data, we are now returning to the 
use of map displays. As stated before, Table 4.1 lists the tasks that start as soon as a map 
user is confronted with a cartographic display. But it should be realized that, in 
exploratory cartography, actual map use is preceded by another stage, which may be 
called map selection. For in regional exploratory studies, first the need for (a) map(s) will 
have to arise and, thereafter, (a) certain map(s) will be sought, selected or generated from 
a spatial database. What could be happening is that users, depending on the basic 
geographic task in hand, will make some kind of inner (mental) definition or image of the 
kind of map they think may help them. After that, they will try to find that map or 
generate it from the data in the spatial database.  
 
Next to knowing which geographic data are considered, and in which order or in which 
combination, it is also important, within the framework of this research project, to find 
out the types of maps geographers are first looking for when dealing with the geographic 



51 

tasks involved in regional exploratory studies. For the purpose of this particular project, a 
classification of map types has been applied, which is shown in Table 4.3. 
 

Table 4.3 Map types for regional exploratory studies and the basic geographic questions to which they 
provide an answer 

 
Map types for regional exploratory studies Basic geographic questions    

 
Topographic maps         
Topo1   Topograpic/ geographic map What is where in the region? 
Topo2   Image map What does the region look like? 
Topo3   Physical planning map What is the planned structure of the region? 
Topo4   Road map What is there from the perspective of road users? 
Topo5  Tourist map What is there from the perspective of tourists? 
 
Thematic mapping methods         
Them1  Nominal point symbol map Where are these different point features? 
Them2   Nominal line symbol map Where are these different line features? 
Them3   Chorochromatic map Where are these different area features? 
Them4   Dot map What is the actual spatial distribution of this discrete  
      point feature? 
Them5  Proportional point symbol map Where is how much of a discrete point or area feature? 
Them6  Flowline map What is the direction, course and, perhaps, quantity of  
      movement of a particular geographic feature between  
      places? 
Them7  Choropleth map What is the density / intensity of a particular feature? 
Them8  Isoline / isopleth map Where is how much of a continuous area feature? 
Them9  Statistical surface What does the statistical model look like of a   
      quantitative distribution? 
Them10 Diagram map What is the composition of a quantitative distribution? 
 
Map execution         
Exec1  Cartogram What is the real absolute context of non-area related  
      features? 
Exec2  Dynamic map / animation Which spatial processes are taking place?  

 
Samples of these different map types are illustrated in Figure 4.2. These map types result 
from the application of the cartographic design rules (described in Section 2.3) to symbol 
sets, and their combination into maps. In the course of the past few decades, detailed 
construction rules have emerged for each of the individual map types, on top of the basic 
rules of cartographic symbol design. Many of these construction rules are the result of 
user research projects starting from existing map displays, as described in Section 3.2. 
After knowing, for instance, that the visual variable colour may well be used to represent 
nominal area data in a chorochromatic map, the next step is to find out which colours 
may best be used (see e.g. Brown & Feringa, 2003 and Brewer, 1994). 
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Fig. 4.2 Samples of the map types listed in Table 4.3 
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The distinction between map types as made in Table 4.3 is pragmatic, in the sense that it 
is based on the ultimate purpose of the use of these maps to acquire an insight into, and 
an overview of, the geography of an unknown region. A main distinction has been made 
between topographic and thematic maps, which may occur both on paper and on the 
display screen of a computer system. Cartograms and dynamic maps are both considered 
as special types of map execution. A cartogram is an abstract and simplified map, the 
base of which is not true to scale (Glossary of Mapping Sciences, 1994, p. 77). Instead, 
the mapping units are scaled in proportion to associated data (Slocum, 1999, p. 16). By 
dynamic map I here mean an animated map, i.e. a map in which a display changes 
continuously without the user necessarily having any control over that change (Slocum et 
al., 2001). A topographic map gives a general, realistic, complete, but simplified, 
representation of the terrain: roads, rivers, buildings and settlements, often the nature of 
the vegetation, the relief, and the names of the various objects mapped (partly after Kraak 
& Ormeling, 2003, p. 36). A thematic map is a map in which the distribution, quality and 
/ or quantity of certain (groups of) phenomena or themes are represented on a topographic 
base (Bos et al., 1991, p. 90). According to these definitions, physical planning, road and 
tourist maps may also be considered as thematic maps. In practice, however, because of 
their purposes, road and tourist maps usually also give a rather complete overview of 
reality, albeit with emphasis on roads and tourist information respectively. But in many 
topographic maps, roads are also emphasized more than other topographic elements! 
Physical planning maps may also provide a rather complete overview of the topography 
of an area, albeit a planned topography. Therefore, for the purpose of this research project 
physical planning, road and tourist maps have been classified as topographic maps. The 
map types listed under the heading thematic mapping methods are less synthetic but more 
analytic in nature. In their elementary form, they are supposed to give answers to very 
specific and fundamental geographic questions. The basic questions to which each map 
type should give an answer are also given in Table 4.3. It should be realized that it is also 
possible, in principle, for the map types listed in Table 4.3 to be combined. For instance, 
in thematic mapping a combination of a proportional point symbol map and a choropleth 
map is a very functional way of putting relative quantitative data in an absolute context. 
And the combination of a choropleth map and a chorochromatic map to analyse the 
relationship between, for instance, the level of education and the average income per 
capita results in a so-called bivariate map (see Slocum, 1999, for many interesting 
examples of bivariate and multivariate mapping).  
 
Another aspect of the selection of a particular map display in order to get an answer to a 
basic geographic question is the choice of map scale. Such a choice may be influenced by 
very practical considerations, such as the size of the region under study and the size of 
the display screen (at what scale does the region as a whole fit on the screen?). But 
important factors are also what the user wants to do with the map and what the required 
accuracy or resolution should be in relation to the complexity of the information. 
 
In this section, the impression may have been created that the map selection process in 
regional exploratory studies is considered to be purely demand-driven (the user makes up 
his or her mind about the map needed and, thereafter, looks for it or generates it at a 
particular scale). However, it should be realized that in practice the map selection process 
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could often be of a more supply-driven nature. The user may first ask: "What maps are 
available?" (or, more specifically, "What maps are there on this particular geographic 
theme?"), then look at these maps, and decide whether one or more maps may be useful 
in view of the geographic task in hand, without first posing a basic geographic question 
and establishing the desired scale. This map use aspect of exploratory cartography (What 
comes first, the map or the geographic question?) is investigated in this research project 
as well. 
 
 
4.5  Map use activities 
 
The supply-driven selection of a map display from the maps that are available, or the 
demand-driven search for a particular map that may already exist or may have to be 
freshly generated from geographic attribute data and topographic base map elements in a 
database can already be considered as concrete map use activities. In pre-digital days, 
Morrison (1978) referred to pre-map reading "tasks" such as obtaining, unfolding and 
orienting. Various other user activities (or operations) with maps can be distinguished 
once the user actually has a particular map display in front of him or her. These map use 
activities will be undertaken to execute the geographic tasks listed in Table 4.1. And, in 
the same way as verbs have been used to denote the various geographic tasks, verbs can 
also be used to distinguish between map use activities for regional exploratory studies 
(see Table 4.4).  
 
In Section 4.2, reference has already been made to the logical sequence of stages in the 
map use process (map reading, map analysis and map interpretation, preceded by the 
choice of geodata and map type selection). In similar ways, we may think of a logical 
sequence of map use activities in regional exploratory studies and, in fact, in exploratory 
cartography in general. In doing so, except for map interpretation (which is an invisible, 
cognitive process), similar headings may be used again to group the successive map use 
activities: map selection (to generate a new map from a spatial database, to search for a 
particular existing map, or to select from the maps available), map reading (e.g. to look at 
or click on a map) and map analysis (e.g. to measure on a map). In fact, there will be 
loops in the map use process as new maps may also be sought, selected or generated as a 
result of the cognitive map reading, analysis and interpretation. In a digital exploratory 
environment, where map displays (unlike paper maps or atlases) are not of a view-only 
nature, this may often be in the form of adjusting the maps that are on-screen at that 
moment (Ormeling & Anson, 1996). The adjustment may be, for instance, a change of 
classification method, a change in aggregation level, a change in symbology (e.g. a 
change in the colours used) or a complete change of the way of representation (i.e. map 
type or mapping method). This is one of the key elements of interactive spatial data 
exploration. Finally, new maps may be drawn (or constructed) to present the results of 
the cartographic exploration. In this particular research project, the maps to be 
constructed are of a special kind: a cartographic model of the regional structure (built 
from chorèmes, see Section 5.2), which may be considered as a hypothesis to be tested by 
means of further geographic studies, supported by what may be called analytic 
cartography (cf. Figure 1.4). 
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Table 4.4 Map use operations 

 
Stages in map use for regional exploration 

 
Selection    to select from maps available (supply-driven) 
      to search for existing maps (demand-driven) 
      to generate maps from a spatial database 
 
Reading    to look at the title / legend 
      to view the map image 
      to click on a map symbol (to retrieve attribute data) 
       
Analysis    to measure on the map 
      to count symbols 
      to highlight an object or category of objects 
      to juxtapose map displays 
      to compare map image with graphic model / chorème  
       
Adjustment   to overlay (to add layer(s) to a map display) 
      to switch off a layer 
      to change the method of classifying attribute data 
      to pan 
      to change the level of aggregation 
      to zoom in (make the map scale larger) 
      to zoom out (make the map scale smaller) 
      to change the map orientation 
      to change the snapshot in time 
      to change the symbology 
      to change the mapping method = to generate  new map 
      
Construction   to trace boundaries 
      to draw the other elements of a graphic model 

 
In summary, in grouping actual map use activities in exploratory cartography the 
following five main distinctions can be made (as shown in Table 4.4): 
• map selection 
• map reading 
• map analysis 
• map adjustment 
• map construction 
 
 
4.6  Map use and map selection matrices 
 
The geographic tasks and map use activities presented in Tables 4.1 and 4.4 can be 
combined into a matrix that shows which map use activities are involved in executing the 
various geographic tasks (see Figure 4.3).  
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Figure 4.3 The map use matrix 
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The geographic data analysed and the map displays selected could be considered as the 
third and fourth dimensions to such a matrix, in the sense that the choice of particular 
geodata, and / or the selection of a particular map display, will precede the map use 
activities executed to deal with specific geographic tasks. 
 
Put in a more simple, two-dimensional way, the map use matrix will normally be 
preceded by a map selection matrix (see Figure 4.4). This map selection matrix reflects 
the different ways in which geographers may start executing each part of their regional 
exploratory studies with the help of maps. They may start browsing randomly through a 
collection of existing digital or paper maps (or atlases) and select the map display that 
may be of interest. Alternatively, they may first define a particular geographic theme and 
a related basic geographic question before they think of searching for a particular 
existing map (display) or generating their own map from raw data (Figure 4.4, Part C). 
Related to the definition of a geographic theme (or, in this research project, perhaps the 
selection of a geographic theme from the list presented in Table 4.2) are the choices of 
the year (or date) to which the geodata pertain, the aggregation level and the geographic 
extent. At the same time, a test person may also specify the desired scale of the resulting 
map display (Figure 4.4, Part B).   
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Figure 4.4 The map selection matrix, Parts A & B
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Figure 4.4 The map selection matrix, Part C 
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Figure 4.4 The map selection matrix, Parts D & E 
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The map use and map selection matrices shown in Figures 4.3 and 4.4 can be used as a 
coding tool in the analysis of the recorded verbal and action protocols of the user tests 
(cf. Section 3.3 and Figure 3.1). For reasons of consistency, detailed guidelines for the 
completion of the map selection and map use matrices during protocol analysis have been 
formulated (see Appendix 1). Normally, every segment of the whole process of regional 
exploratory studies, in which one particular map display is used, may be coded, starting 
with a map selection matrix and followed by a map use matrix. The next segment is 
coded in the same way and the whole process of regional exploratory studies may then as 
such be described by a series of sequentially numbered map selection and map use 
matrices. The numbering reflects the order of events in every test session. 
 
By filling in sequential numbers in the grid cells of the map use matrices at moments 
when the recordings demonstrate the execution of a map use activity in order to carry out 
a particular map use task, the order of events in the use of one particular map is reflected 
in a similar way. As the map use activities and the map use tasks are listed in the matrix 
in a hierarchic way (from top left to bottom right), a visual inspection of the completed 
map use matrices may already reveal relevant aspects of the use of one particular map 
display. Such a visual inspection may demonstrate, for instance, that a particular map 
display does not appear to be too useful for the overall geographic data exploration 
objective in hand (when there are only numbers in the grid cells in the top left-hand 
corner). On the other hand (when there are more numbers in the grid cells on the right-
hand side and at the bottom of the map use matrix), a particular map display may actually 
be used for model construction, or the confirmation thereof. During the analysis of the 
recordings, notes of the net map usage time (the time during which the eyes of the test 
person are directed towards the map display) and of the actual time spent on model 
construction are also made on the map use matrices (see Figure 4.3). 
 
By taking notes of the tape counts, the total duration of every map selection process is 
also recorded at the top of every map selection matrix (see Figure 4.4). Of course, the 
duration of such a process will depend on various circumstances. For example, it will be 
longer when a new map display is generated from the attribute data. The order of events 
in a particular map selection process is reflected by putting sequential numbers in the left-
hand columns of Parts B and C of the map selection matrix (see the second paragraph of 
this section above). The highest number will appear in one of the three boxes of the Map 
selection part of Part C of the matrix: the map display resulting from the map selection 
process (as described in Part A) has either been newly generated from the available 
attribute data and topographic base map elements or has been selected from the available 
existing digital or paper maps. As already indicated in Section 4.4 above, this selection 
may either be demand-driven, or more supply-driven. A sequential number will be put in 
the line searched for when the recordings of the thinking aloud in the test sessions clearly 
demonstrate that a test person was looking for a specific map before he or she started to 
search that map in the Overijssel database (see Section 5.3), and when it appears that the 
test person thinks that he or she has actually found that map during the search. A 
sequential number will be put in the line selected from maps available when it appears 
that a map user had no particular map in mind, or perhaps another map in mind, before 
selecting it. This is the case, for instance, when a test person does not formulate a clear 
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basic geographic question or geographic theme beforehand, but just browses through the 
available pile of paper maps or through an electronic or paper atlas to see what he or she 
can use. But the map selection is also considered to be supply-driven when, for instance, 
a test person did define a geographic theme to start a search with, but it is clear from the 
recordings that the map selected from the list of search results is not a map the test person 
had in mind. It may be that the test person did not have a map in mind at all. But it may 
also be the case that the test person selected the map as a kind of alternative because the 
map originally in mind did not seem to be available, or because the test person changed 
his or her mind when confronted with a list of search results ("That is a map or topic I did 
not think of, but it may be useful to me"). In a comparable way, a test person may either 
search for a specific year, aggregation level, geographic extent or map scale, or select it 
from the list of already existing maps and / or geographic attribute data that results from a 
search on a particular geographic theme by using the metadatabase created for this 
research project. 
 
But the matrices are not only a way of processing the results of the test sessions. Of 
course, they may also be considered as a reflection of the model of geographic problem-
solving to be tested (cf. Section 3.3). After all, my hypothetic lists of map use tasks 
(based on a more or less hypothetic list of geographic questions, see Section 4.2) and map 
use activities (see Section 4.5) are combined in the map use matrix. And the map 
selection matrix contains a hypothetic list of basic geographic questions (see Section 4.4) 
that may or may not be posed in relation to a particular geographic theme.  
 
In Part C of the map selection matrix (see Figure 4.4), plus signs (+) indicate which map 
types are supposed (according to cartographic theory, see Section 4.4 and Table 4.3) to 
give the best answers to these basic geographic questions. In practice, and that is what is 
being investigated in this research project as well, users may look for the "wrong" map 
type when they try to answer their basic geographic questions. Cross signs (x) in the grid 
cells in the upper Map selection part of Part C show which specific map types the test 
persons actually selected, searched for or generated. By comparing the positions of the 
plus and cross signs during the analysis of the test results, it may be established whether 
or not the test persons selected the "correct" map types when trying to find an answer to 
the basic geographic question they posed. 
 
In the same way, in Part E of the map selection matrix (see Figure 4.4) a link is made 
between map types and the nature of the data represented, i.e. whether they are 
continuous or discrete and static or dynamic (see Section 4.3). Again, plus signs indicate 
what are the "correct" (according to cartographic theory, see e.g. Dent, 1999; Slocum, 
1999) map types to represent these kinds of geographic data. Topographic maps (see 
Table 4.3) are not included here as in this specific group of map types various different 
kinds of geographic data may be represented simultaneously.  
 
Part D of the map selection matrix is also used to find out whether the geographic data 
that are actually analysed by the test person are represented according to the theoretic 
rules of the cartographic language. In this part of the matrix, a link is made between the 
measurement level and the dimensional properties of the data and the visual variables that 
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have been used to represent these data (in the existing map selected or in the new map 
generated). Pre-printed signs indicate whether the application of a particular visual 
variable is correct (++ or +), doubtful (o) or wrong (-) (see Section 2.3, Figures 2.4, 2.5 
and 2.6). A sign to be filled in the selective perception? column indicates whether a test 
person requires a map display with selective perception properties (+) or not (-). As a 
check on whether a theoretically correct visual variable has been used, the visual 
variables with selective perception properties have been printed in bold in this part of the 
map selection matrix.  
 
In both Part D and Part E, it may be indicated whether the application of particular visual 
variables and mapping methods is theoretically right or wrong and, in addition, whether 
the test persons demonstrate awareness of the rules of the grammar of the cartographic 
language or not.    
 
In conclusion, and with reference to Figure 3.1, it may be argued that the map use and 
map selection matrices, together with the guidelines for completing them (Appendix 1), 
may be considered as the coding schemes that are derived from the problem-solving 
model of the process of regional exploratory studies. In its turn, this model has been 
derived from the careful analysis and unravelling of the overall map use objectives and 
the theory of the cartographic language. The raw verbal and action protocols of the video 
recordings of the think aloud sessions (see Chapter 5) are naturally segmented because 
for each and every different map (display) that has been selected or generated and, 
thereafter, used, there will be a specific combination of completed map selection and map 
use matrices. Predicted coded protocols are only partly derived from the problem-solving 
model at hand: they are the pre-printed signs in Parts C, D and E of the map selection 
matrix. Because there is hardly any information on how geographers go about regional 
exploratory studies and, indeed, because it is also rather difficult to think of standard 
procedures in exploratory cartography environments like these, I decided to abandon the 
idea of also trying to include a hypothetic task scenario in the proposed model of 
geographic problem-solving and, therefore, also in the predicted coded protocols. Owing 
to the lack of solid scientific theories, it does not make much sense to hypothesize either 
the order in which different map displays are selected or generated in the process of 
regional exploratory studies, or the order in which the various stages in the selection and 
use of one particular map display are executed.  
 
Also in this respect, this research project is mainly aiming at finding out whether or not 
hypotheses regarding map use scenarios in regional exploratory studies can be formulated 
for testing in further research. From the outset, it may be expected that in complex 
exploratory cartography, like in these regional exploratory studies, the various matrices in 
the resulting specific task scenarios of the various test persons will, most likely, appear in 
random order and perhaps, sometimes, in repetitive loops. In this respect, one particular 
factor is, for instance, that users will want to juxtapose different map displays (already 
selected and used before, or still to be selected or generated) in order to discover 
relationships between spatial patterns or to explain them. It is difficult to forecast when 
and how geographers will want to do this and for which geographic themes. In any case, 
in the map use matrix it is possible to indicate that such a juxtaposition takes place, 
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referring to the identification code or number of the other map. In a similar way, the map 
use matrix allows it to be noted down when a test person compares a map display with 
his or her graphic model "under construction", as well as when a test person changes a 
particular map display into a new map type with the help of the cartographic visualization 
tool selected for this purpose (see Section 5.5). But, again, the order in which these map 
use activities are executed is expected to be rather random, i.e. individual, in an 
exploratory cartography environment like this. Besides, of course, it should be realized 
that the specific geographic characteristics of the region to be explored will very much 
influence the order of map use events. 
 
 
4.7  Conclusion 
 
In this chapter an attempt has been made to model the process of cartographic problem-
solving in regional exploratory studies. The chapter culminates in the presentation of a 
map use matrix and a map selection matrix, which, together with the guidelines for 
completing them, may be considered as the coding scheme for the processing and 
analysis of the protocols resulting from the test sessions, and also partly as the predicted 
coded protocols that are tested against the actual protocols of the think aloud sessions. In 
the various sections of this chapter the building blocks are provided for these matrices, 
starting with a section dealing with the hypotheses on the geographic questions and map 
use tasks that are involved in regional exploratory studies (see Table 4.1). The next 
section contains a proposal for the categorization of the geographic themes that may be 
analysed in regional exploratory studies (see Table 4.2), as well as a systematic 
description of these geographic data in terms of their measurement level, dimensional 
properties, temporality and discreteness. This building block, together with that of 
Section 2.3 on the rules for the cartographic representation of geographic data, provides 
another part of the theoretic foundation of the modelling. The same may be said of the 
map types and the related basic geographic questions that are presented in Table 4.3. 
Finally, the last building block is presented with Table 4.4, in which the various map use 
activities are listed that are associated with the successive stages in map use for regional 
exploration. The map use activities are opposed with the map use tasks in a so-called map 
use matrix (see Figure 4.3), whereas the other building blocks are used to create a map 
selection matrix (see Figure 4.4). The map use matrix may be completed with sequential 
numbers in the grid cells, which denote the order of events in the use of one particular 
map display. When reading this matrix from left to right, and from top to bottom, the 
level of map use may be considered to increase. Such a hierarchy is not present in the 
map selection matrix. This matrix can be used for analysing the order of events in the 
process of selecting or generating a particular map display before actually using it, and, in 
its function as a predicted coded protocol, as a means of confronting cartographic theory 
with practice. In the process of regional exploratory studies, quite a number of different 
map displays may be selected or generated and then used to find answers to geographic 
questions. This means that, during the analysis of the raw verbal and action protocols that 
result from the test sessions, several of these combinations of the two matrices will have 
to be completed: one combination of matrices for every different map display that has 
been used, or, in other words, for every different segment of the raw protocol. As the 
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matrices themselves are sequentially numbered as well, it is possible learn more about the 
order in which various maps are selected or generated and used in the process of regional 
exploratory studies. In other words, the completed matrices do not only show which map 
displays were selected or generated and which map use activities were carried out to fulfil 
certain map use tasks, but also indicate in which order things actually happened. But, 
before looking at these results in Chapter 6, it is necessary to give some more details 
about the user tests. This will be done in the next chapter. 
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5  THE USER TESTS  
 
 
5.1  Introduction 
 
This chapter provides information on the nature of the map use tests in this project, as 
well as on the overall conditions in which these tests were executed. Of course, many 
choices had to be made in the course of setting up these tests, and the justification for the 
choices made is also included here. The concrete task selected for the test persons is 
described first: the construction of a graphic spatial model of Overijssel. Section 5.3 
provides details of the database made available to the test persons to enable them to 
execute their task. The database was filled with tools for regional exploratory studies: 
existing paper and digital maps, and "raw" geographic attribute data that could be 
mapped by the test persons themselves. The database could be searched through a 
metadatabase. Section 5.4 explains the unique combination of hard- and software selected 
for equipping the experiment room. To my knowledge, the set-up of the research 
laboratory is unique because of the combination of the selected research methodology, 
the nature of the task to be executed, and the desire to investigate the use of both paper 
maps and maps appearing on the computer screen. Next to the selection and use of 
already existing digital and paper maps, an important part of this research is the way in 
which test persons generate their own map displays from available geographic attribute 
data. In this project, ArcGIS was selected as the tool for producing these new maps. The 
reasons for this choice are explained in Section 5.5, which also contains a brief 
description of the characteristics of this software. The last two sections before the 
conclusion deal with the characteristics of the test persons and the need for the 
involvement of a research assistant.    
 

 
5.2  User task and instructions: construct a graphic spatial model of Overijssel 
 
As already indicated in Section 2.2, the case study selected for this map use research 
project was a regional exploratory study of Overijssel. The test persons were asked to 
explore the available geographic data of this Dutch province with the help of existing, or 
potentially existing, maps and map displays. Their overall objective was to gain insight 
into the geography of this region. In order to make this objective more concrete, and the 
results of the different test persons better comparable and interpretable, these test persons 
were asked to construct a concrete graphic model of Overijssel that would reflect their 
views on the essential structure of the region. The test persons were asked to construct 
the graphic model during the test session with the help of Microsoft PowerPoint software. 
(See Appendix 2 for the overall instructions given to the test persons.)  
 
Graphic spatial models such as those shown in Figures 5.1 and 5.2 may be very useful 
means of creating insight into, and explaining, the geographic structure of regions. As 
such, they fit the definition of a map, as given in Section 1.2: "… an abstraction and 
simplification of geographic reality …". In traditional maps, however, the geometric  
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Figure 5.1 Graphic spatial model of the Netherlands as trans-shipment harbour of Europe  
(source: Ormeling, 2002; legend translated by author) 

 
aspects of reality (bearings, distances, area relationships) are usually preserved as much 
as possible when represented to scale. This condition has been the starting-point for many 
research activities in, for instance, the fields of map projections and cartographic 
generalization. In most of the maps included in the database of Overijssel (see Section 
5.3), the geometric aspects of reality have also been preserved, and real-world 
topography is usually also the organizational basis for the data stored in a geographic 
information system (GIS). 

 

 
 

Figure 5.2 Graphic spatial model of the American State Arizona (source: Brunet, 1987) 
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But a correct geometric representation of reality to scale is not always needed, and 
sometimes not even desirable, for the map − or graphic model of reality − to best serve its 
purpose. A famous example is provided by the graphic representation of the London 
Underground, originally conceived by Henry C. Beck (see Figure 5.3). In it, geographic 
reality is deliberately distorted, but the result is one of the most effective maps ever 
made.  
 

 
 

Figure 5.3 London Underground 
 
Simply because future geometry cannot yet be known, and also because these maps are 
meant to convey rough ideas about the possible spatial organization of a large area, the 
graphic model concept is often also applied in physical planning maps. Figure 5.4 shows 
such a graphic model of the region that is also the sample region in this research project. 
 
In the London Underground map, in physical planning maps, and in the models shown in 
Figures 5.1 and 5.2, the geometry is not correct but the topologic relationships are 
preserved. And this is what matters more when the structure, spatial relationships and 
dynamics of a geographic region have to be advanced. 
 
Brunet (1972, 1980, 1987) provided a framework for the possible application of graphic 
spatial models in regional exploratory studies. He developed a sign system " … with 
which relational models of regions can be built, stressing aspects of spatial organization 
not rendered by traditional maps" (Ormeling, 1992, p. 20). Brunet's sign system consists 
of a limited number of fundamental models of geospatial dynamics or geospatial 
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organization, depending on the dimensional properties of the phenomena under 
consideration (points, lines, areas and networks respectively) (see Figure 5.5). 
 

 
 

Figure 5.4 View of Overijssel in the year 2000, designed some 25 years ago by the physical planning 
institute of the province (source: Wiersma, 1978) 
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Figure 5.5 Table of chorèmes (source: Brunet, 1987; text translated by author) 
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Brunet used the term chorème to describe these basic models of spatial organization. The 
various chorèmes can be used as building-stones for constructing a graphic model of the 
region under study. As Ormeling (1992, p. 22) also indicated, this may be done in two  
ways: either by producing and combining basic chorèmes from scratch (see Figure 5.6), 
or by departing from an actual map and arriving at a modèle épuré, a schematic 
representation purified of all aspects irrelevant to the main structures or relationships 
within the geographic region, including geometric accuracy. 
 

 
 

Figure 5.6 Construction of a graphic model of the Netherlands from a number of basic chorèmes (source: 
Ormeling, 2002; legends translated by author) 

  
Since it was expected that most test persons would have little or no experience in 
constructing graphic models from basic chorèmes, and that there would be no time to 
learn this during the test session, the latter approach was followed in this research 
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project. The test persons were presented with a PowerPoint design template with a simple 
geographic map of Overijssel on it, without geographic names (see Figure 5.7). 
 

 
 

Figure 5.7 Map derived from the electronic Wereld@tlas (Wolters-Noordhoff, 1999) and used as the 
starting-point for graphic model construction by the test persons (Note: this is a black and white 

reproduction of the coloured original used by the test persons) 
 
At the same time, next to the overall instructions (see Appendix 2) the test persons 
received detailed step-by-step guidelines on how to "draw" − with the help of Microsoft 
PowerPoint − basic point, line, area, text and arrow symbols on it, in order to construct a 
graphic spatial model based on their selection, use and analysis of maps taken or 
generated from the Overijssel database. The test persons were specifically asked not to 
try to produce a geometrically correct "map"; they were asked to construct a schematic 
graphic model, containing only those elements considered essential for the structure of 
the region and preserving only the topologic relationships. It was expected that the test 
persons would gradually arrive at this modèle épuré after having started with a so-called 
modèle localisé (Ormeling, 1992, p. 22): a schematic map without too many geometric 
distortions, created by putting the first basic graphic symbols on the PowerPoint design 
template of Overijssel. Somewhere in the course of constructing the graphic model, this 
given map background could be switched off. 
 



 72 

Microsoft PowerPoint was used for constructing the graphic models. It is a package with 
simple drawing tools that were likely to be familiar to many of the test persons, as these 
tools are also present in Microsoft Word, another member of the Microsoft Office family 
that is widely used and has a similar user interface. Using a more complicated graphics 
design package could lead to disturbance of the cognitive process that is the actual 
subject of this research project: the selection, construction and use of map displays 
preceding the construction of the graphic model.  
 
 
5.3  Database of Overijssel 
 
In order to be able to find out when and how geographers make use of maps and map 
displays in the process of gaining insight into the geography of the province of 
Overijssel, it was necessary to collect and to make easily accessible a vast set of maps 
and geographic data of that region beforehand. After all, during the user tests, already 
time-consuming in themselves, no time should be unnecessarily wasted on finding and 
retrieving the maps and / or data wanted by the subjects. At the same time, the quantity of 
maps and data should be sufficient both to avert the danger of "supply-driven" instead of 
"demand-driven" exploratory map use research, and to prevent subjects from being 
 

 
 

Figure 5.8 Screen dump of an ArcCatalog window showing the structure of the ArcGIS part of the 
Overijssel database 
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tempted to browse through the few materials available rather than first identify their map 
needs in order to solve their task. Of course, it was impossible to create a "complete" set 
of maps and geographic data of Overijssel, but an attempt was made to amass as much 
data as possible that the subjects were most likely to ask for. A vast collection of maps 
and geodata prevents the research results from being too biased by the specific materials 
available. During the progress of the research project, the collection was constantly 
extended and updated. In this respect, the results of the first user tests also provided 
useful directions, as they demonstrated which topics the test persons were looking for 
(topics that had not always been incorporated in the database as yet). 
 

 
 

Figure 5.9 Detailed manuals were produced for adding maps and data to the Overijssel database, for 
adding metadata, and for searching for maps and data 

 
As this research project is directed towards the possible use of maps and map displays in 
regional exploratory studies − and not solely towards the functioning of a particular 
software tool (i.e. ArcGIS) in this respect − the database of Overijssel could not be 
created within that software environment alone. In order to alleviate the inherent 
limitations present in every cartographic software tool (e.g. possible ways of cartographic 
representation and the computer medium for dissemination, with its limited size and 
rather low resolution), it was decided to give the subjects access to existing paper maps 
of Overijssel, as well as to existing static, interactive or dynamic digital maps created in 
other software environments. Therefore, a database was conceptualized, consisting of the 
following four groups of data: 
 
• digital geographic (attribute) data, to visualize within the ArcGIS environment 
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• digital topographic base map elements in formats that can be handled within the 
ArcGIS environment 

• existing paper maps 
• existing digital maps 
 

 
 

Figure 5.10 Example of a ready-made ArcGIS map document that is included in the Overijssel database 
(black and white reproduction of a coloured original) 

 
For managing the geographic attribute data, separate so-called personal geodatabases 
were created in the ArcGIS environment for each of the main categories of geographic 
themes as listed in Table 4.2 (see Figure 5.8). Personal geodatabases are stored as 
Microsoft Access database files (in .mdb format). Therefore, the geographic attribute data 
can be entered in tables in Microsoft Access, and so it happened. Because of the many 
data that may be asked for in regional exploratory studies, and the need to make them 
easily accessible, detailed guidelines were drawn up for entering these data in a uniform 
way (see Figure 5.9). Important elements of these guidelines are the naming of tables and 
the naming of fields (individual attributes) in the tables, as well as the administration 
thereof. Standardized ways of naming are required, if only to determine whether certain 
attribute data have already been incorporated in the database or not, and whether there 
are comparable attribute data for different years. Geographic theme code (see Table 4.2), 
codes for geographic extent (e.g. W = Overijssel as a whole) and aggregation level (e.g.  
M = municipality), and the year(s) of data collection together form the name of the table 
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(the same codes have been used to refer to the "selected" aspects of the geodata in Part B 
of the map selection matrix; see Figure 4.4). Because these attribute tables will have to be 
linked to topographic base map elements (feature classes) in ArcGIS, separate tables are 
needed for data collected for different aggregation units and also for data collected in 
different time periods. This is because in the past few decades there have been quite a 
number of changes in the administrative subdivisions of Overijssel. Not only have there 
been boundary corrections, but municipalities have also merged in the course of the 
years. For example, in 1988 there were still 45 municipalities, whereas currently there are 
only 26 municipalities left. 
 
Therefore, the special ArcGIS personal geodatabase that has been created for the 
topographic base map elements (the second main part of the conceptual database of 
Overijssel) (see Figure 5.8) contains a feature dataset "ov_boundaries" with as many as 
20 different boundary files (feature classes) for the municipalities in Overijssel in 
different years. In ArcGIS, these boundaries, perhaps together with some other 
topographic base map elements that are also stored in the personal geodatabase, are 
joined with the appropriate attribute tables before thematic map displays can be 
generated. 
 

 
 

Figure 5.11 Screen dump of a Windows Explorer window showing the overall structure of the Overijssel 
database 

 
Existing paper maps are the third main category of the conceptual database of 
Overijssel. They are stored in the experiment room and available to test persons in three 
different formats: a pile of plano, unfolded maps; boxes with folded maps; and maps in 
paper atlases or other publications. In the same way as there are detailed guidelines for 
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adding geographic attribute data to the database, there are also guidelines for adding 
paper maps. The main part of these latter guidelines are the way in which unique 
identification codes are assigned to each individual paper map (e.g. Plano29, Fold3 or 
Publ17). 
 

 
 

Figure 5.12 Form for adding metadata on digital maps in the Overijssel database 
 
Lastly, the fourth element of the database of Overijssel is the already existing digital 
maps. These maps may come in different formats: ready-made ArcGIS data frames 
inside ArcGIS map documents, digital map files in other formats, maps on CD-ROM or 
diskette, and maps on World Wide Web sites. Before the actual testing started, a number 
of ArcGIS map documents had already been prepared from some of the geographic 
attribute data and topographic base map elements available (see Figure 5.10). These map 
documents are stored in separate folders for each of the main categories of geographic 
themes, as listed in Table 4.2 (see Figure 5.8). The idea behind preparing some ArcGIS 
map documents beforehand, instead of leaving the generation of ArcGIS map documents 
completely to the test persons themselves, was that it was expected that in some cases test 
persons might want to start with some kind of existing map, which they might then want 
to adjust (opting for another way of representation, classification, etc.). The possibility of 
adjusting and interacting with existing digital maps is also offered by certain World Wide 
Web sites (the references to them are also part of the Overijssel database) and, in 
principle, by CD-ROMs or diskettes. Other existing (view-only) digital maps that can just 
be consulted on the computer screen, allowing no interaction or adjustment, are stored in 
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another part of the Overijssel database, again in separate folders for each of the main 
categories of geographic themes (see Figure 5.11). These existing digital map files come 
in formats such as .gif, .jpg and .pdf. The guidelines for adding existing digital maps to 
the database contain clear instructions for naming these maps and assigning unique 
identification codes. For example, the individual maps (data frames) in the ready-made 
ArcGIS map documents have identification codes such as AGDF41, whereby the full 
name of the data frame is "AGDF41_PercChildren_2002" (see Figure 5.10). Examples of 
identification codes of other existing digital maps are MF17, URL1.2, CD2 and A1.3. 
These identification codes are highly instrumental in retrieving the desired map displays 
from the database. 
 

 
 

Figure 5.13 Form for adding metadata on geographic attribute data in the Overijssel database 
 

In order to make all items in the Overijssel database (attribute data, existing paper and 
digital maps) quickly and easily accessible, a metadatabase was created with Microsoft 
Access as well. Forms were used as user interfaces for the input of the metadata (see 
Figures 5.12 and 5.13) and, again, detailed guidelines were prepared to ensure the 
metadata were entered in uniform ways (see Figure 5.9). 
 
By means of search queries within the metadatabase during test sessions, the wanted 
maps and data can be quickly identified, as well as their physical location (e.g. place of 
storage of loose paper maps, reference to a paper map in a publication, or a specific 
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computer directory for the digital items). For the attribute data, paper maps and existing 
digital maps, the main search field is the classification of geographic themes into main 
categories and subcategories, as in Table 4.2 (see Figure 5.14), although it is also 
possible to browse through lists of all the digital or paper maps or geographic attribute 
data available. The results of a search action on the metadatabase appear as tables 
showing, respectively, all paper maps, all existing digital maps, and all geographic 
attribute data on the topic selected (see Figure 5.15). These tables appear together on 
screen if the test person wants to see all data on a certain topic available in the Overijssel 
database at the same time. Alternatively, they can be retrieved separately if the test 
person wants to see only the geographic attribute data, only the existing paper maps, or 
only the existing digital maps on a certain topic. By studying the metadata appearing in 
the tables, the test persons may decide to retrieve and consult an existing digital or paper 
map or to go to the geographic attribute data and generate a tailor-made map display from 
these data themselves. Of course, it is also possible to use the metadatabase the other way 
round: if you have certain attribute data (with a certain field name), or an existing paper 
or digital map in front of you, you can retrieve its metadata. 
 

 
 
Figure 5.14 Main menu for searching existing maps and attribute data on certain geographic subjects in the 

Overijssel database 
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Figure 5.15 Possible result of a search action on the metadatabase: three hyperlinked tables with all paper 

maps, digital maps and attribute data on the topic selected 
 
 
5.4  Fitting up the experiment room  
 
Chapter 3 contains the argumentation for, and justification of, the methodology selected 
for obtaining answers to the research questions posed in Chapter 1. Central to the 
selected combination of research techniques is the application of the so-called think aloud 
method. Therefore, right from the start it was clear that the sound of the thinking aloud 
had to be recorded in one way or another. Just producing written notes of what happened 
during a think aloud session with a test person in "real-time" would not only be very 
difficult (if only because of the speed of thinking) but also incorrect from a scientific 
point of view. After all, recordings of the thinking aloud session may have to be analysed 
several times afterwards and may also serve as scientific proof of what actually 
happened. Besides, as already described in Section 3.5, the second part of the test session 
consists of letting the test persons comment on the recordings of the first part in 
retrospect, in order to provide additional information on their cognitive process. 
 
Why video recordings of the test persons executing their map use tasks are considered to 
be essential has already been indicated in Section 3.5. Not only do they register the way 
in which the test persons actually use existing paper maps, but they also supply relevant 
body language information along with the words spoken out loud. The combination of 
spoken and body language gives a much better indication of the actual thinking process 
than spoken language alone. Compared with just sound recordings, video recordings are 
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also a much better means of recognition for a test person who has to comment on the 
thinking process in retrospect in the second session. In addition, the video recordings 
show the behaviour and actions of the research assistant and may act as scientific proof of 
the objectivity of the research assistant and of the fact that this assistant did not 
excessively influence the way in which the test person executed the map use task.  
 
At the time of fitting up the experiment room (in the year 2000), it was decided to acquire 
a professional analogue SVHS camera for making the video recordings, not a digital one. 
The advantages of a digital video camera (better image quality and tenability, as well as 
editing potential) did not outweigh its disadvantages (costs, required computer processing 
power, hard-disk speed and storage space). The sizes of the resulting files with image and 
sound recordings (up to 1 Gb for five minutes) were considered to be the biggest problem 
with test sessions expected to last up to two hours (excluding the second retrospective 
session). Besides, the possibilities for video editing are not of primary importance for this 
research purpose. Finally, the quality of the sound recordings (the most important factor 
in think aloud research) is not much poorer with analogue video, particularly not when 
use is made of an external microphone (see below). It was decided to make use of a big, 
stable SVHS video camera. SVHS results in better image quality than ordinary VHS 
does, and the resulting videotapes (with possibly up to three hours of recordings) may be 
played back directly in an SVHS video recorder / player. If use were made of smaller 
camcorders, the resulting smaller tapes (e.g. Hi-8) would first have to be converted to 
(S)VHS tapes, with a resulting loss of image and sound quality.  
 
Another factor that played a part in the selection of video recording techniques was that it 
is not only the test persons' interaction with paper maps that is investigated in this 
research project. The test persons may also use existing digital maps, which they consult 
on the monitor screen of a personal computer, and they may also produce, with the help 
of the research assistant, their own tailor-made map displays on the same PC. Before 
doing these things, they also use the same PC to search through the metadatabase and 
retrieve the maps and data that may seem useful to them. In order to be able to properly 
analyse these activities, in combination with the thinking aloud, the things that are 
happening on the monitor screen have to be recorded as well. In theory, it would be 
possible to do that with a video camera too. However, the quality of the image would not 
be great (e.g. because of the frequency of the image build-up on the PC monitor screen). 
Moreover, the faces of the test persons would no longer be visible if only one video 
camera were used and, consequently, useful information on the actual thinking process of 
the test persons would be lost. But even the use of a second video camera would not 
completely solve the problem, as the test persons are constructing their graphic model of 
Overijssel on another PC and the way in which such a model comes into being should be 
recorded as well. 
 
So, instead of thinking of using several video cameras, other ways were sought to make 
computer activity logs. Various software packages are available to make recordings of 
changes on computer screens (e.g. Microsoft CamCorder, Lotus ScreenCam, TechSmith 
Camtasia Studio and SnagIt). These can be used in tutorials to demonstrate the 
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functioning of particular software packages, but can also be applied very well in usability 
research to test, for instance, the effectiveness of a user interface. However, a big 
problem that had to be solved when fitting up the experiment room for this particular 
research project (see Figure 5.16) was that the different recordings made (sound; the 
changes on the screen of PC 1; the changes on the screen of PC 2; the video of the test 
person interacting with paper maps, screen displays and with the research assistant) had 
to be synchronized. It would be impracticable to analyse separate recordings in 
conjunction if they were made with separate devices and software and on different 
carriers (e.g. sound on cassette tape or mini disc, video on videotape, and activity logs on 
computer hard disks, diskettes, CD or DVD). Just imagine how the second sessions with 
test persons would go! They are asked to comment in retrospect on the recordings of their 
first session, and the playing of the recordings has to be stopped every now and then to 
give the test person the time and opportunity to go into the events in detail. The 
recordings would rapidly get out of step. So solutions had to be found to this 
synchronization problem. 
 

 
 
Figure 5.16 Impression of the research laboratory especially equipped for this project: the test person (left) 

produces a graphic model on PC 2 to the left. The research assistant (right) is helping the test person to 
retrieve existing maps from the Overijssel database and to construct new maps from geographic attribute 
data with ArcGIS on PC 1. All actions of the test person are recorded with the video camera at the back 

and his thinking aloud is recorded with a wireless microphone. 
 
Of course, the synchronization of the sound recordings with the video images could 
simply be solved by recording the sound on the videotape as well. And particularly when 
use is made of an external microphone (see below) there are no real quality issues. But 
the problem that remained was how to combine these recordings with the logging of the 
changes on the two computer screens. After long deliberations with hardware suppliers, a 
solution was finally found by making use of a piece of equipment from the security 
industry: a so-called digital quad unit (see Figure 5.17). This unit combines four 
incoming (analogue) video signals into one screen display consisting of four quadrants 
with four different images. Not only do the four images appear together on a television 
monitor, but they can also be recorded as such on videotape with the help of a video 
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recorder (see Figure 5.17, bottom right). So, the synchronization already takes place 
during the recordings.  
 

 
 
Figure 5.17 Synchronization of the sounds of the thinking aloud, the video image of the test person and the 
changes on the monitor screens of the two PCs is obtained by recording all these inputs simultaneously on 
a single videotape, using an SVHS video recorder (bottom right). The images can be combined in this way 

with the help of a digital quad unit (bottom left). 
 

Graphics cards in PCs normally produce VGA output to get high-resolution imagery on 
the monitor screens. These computer images have to be converted from VGA to lower-
resolution video before they are visible on a television monitor and before they can be 
recorded on videotape. This can be done with a special device, the so-called 
"scanconvertor", but some tests revealed that PC graphics cards with an SVHS / TV-out 
connection resulted in video images with almost similar qualities. Therefore, the latter 
solution was selected. Next to having a TV-out connection, the graphics cards used were 
also required to offer the possibility of simultaneous dual output, i.e. the image should be 
visible on both the television monitor and the computer screen. Otherwise, the test person 
and the research assistant would not have computer displays to work with during the test 
sessions. Normally, when a TV-out connection is made with the graphics card of a 
computer, the image is no longer visible on the computer screen. But the graphics cards 
that were installed in the PCs used in this research project did have a TwinView option 
(see Table 5.1). In this way, video output of the changes on the screens of both PCs could 
be sent to the digital quad unit, where the two signals were combined with the video 
image recorded with the camera. 
As already said, the resolution of a video image is low compared with the resolution of a 
VGA screen. In addition, the three resulting video images are each reduced to one 
quadrant of the television monitor. Both factors have a negative impact on the quality of 
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each individual image and it is no longer possible, for instance, to read the fine text in the 
menu bars of the ArcGIS and Microsoft Access windows. However, reading the fine text 
in the menu bars is not required for the analysis of the cognitive process afterwards. 
Movements of the cursor and changes in the graphic (map) images are still clearly 
visible, and somebody who can also operate the software tools knows exactly what is 
happening. Therefore, the original plan of using screen capture or screen recording 
software as a back-up for the video imagery was abandoned as well.  
 

Table 5.1 Hardware used in the experiment room 

 
Hardware Brand and type Specifications     

 
Personal computer 1 (PC 1) Intel Pentium IV 1.70 GHz, 512 MB RAM, DVD-ROM drive 
 
Monitor PC 1 Iiyama Vision Master  19" CRT, set at 1024 by 768 pixels,  
 Pro 452  true colour (32bit) 
 
Graphics card PC 1 Asus AGP - V7100/T TV-out, TwinViewTM, 32 MB 
 
Personal computer 2 (PC 2) Intel Pentium III 450 MHz, 256 MB RAM 
 
Monitor PC 2 Iiyama Vision  17" CRT, set at 1024 by 768 pixels, 
 Master 404 highest colour quality (32bit) 
 
Graphics card PC 2 Asus AGP - V7100/T TV-out, TwinViewTM, 32 MB 
 
Wireless microphone set Sennheiser Evolution EK 100 (pocket receiver), SK 100   
 Serie eW 100 (pocket transmitter) 
 
Movie camera with tripod  Panasonic AG-DP200E S-VHS with stereo microphone attached 
stand  
 
Video cassette recorder Panasonic AG-MD835E S-VHS, 4 audio tracks, 2 hi-fi audio heads 
 
Colour TV monitor Panasonic TX-28LK1C 66 cm, stereo speakers 
 
Digital quad unit Ikegami MVS-14HD Colour four-part split view unit 
 
Stereo headphones Sennheiser HD 445 20 - 20000 Hz 
 
Mic to line level mixer RDL ST-MMX3  Mixing amplifier 
 Stick-On    
 
Video capture card Pinnacle AVDV PCI card Analogue and digital video input and 
 with external blueBOX output 
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Table 5.2 Software used in the experiment room 

 
Software Brand and version Specifications     

 
Operating system Microsoft Windows 2000  
 Professional (PC 1) 
 Microsoft Windows XP 
 Professional (PC 2) 
 
Metadatabase Microsoft Access 2000 Entering and retrieving metadata to   
  search for available paper and digital   
  maps and attribute data 
 
Database Microsoft Access 2000 Entering and storage of attribute data   
  that can be processed directly by ArcGIS.  
 
Viewing and data  ArcGIS - ArcCatalog 8.3  (Pre-)viewing ArcGIS attribute tables, 
management  feature classes and map documents 
 
Image viewing IrfanView 3.80 Viewing existing digital map files in   
  different formats (e.g. .gif, .jpg, .png, etc.) 
 
PDF image viewing Adobe Reader 6.0 Viewing existing digital map files in   
  .pdf format 
 
Video image viewing Windows Media Player  Viewing existing digital map animations 
 7.01   in .avi format 
 
Graphic design Microsoft PowerPoint  Drawing functions used by test persons  
 2000 to construct graphic models 
 
Map production ArcGIS - ArcMap 8.3 Generating or adjusting map documents  
  from attribute data and topographic base  
  map elements 
 
Video capture and editing Pinnacle Studio version 7 Capturing and editing of analog video  
   and converting it into digital video for  
   presentations 

 
In order to still get the most out of the resulting video imagery, however, a professional 
SVHS video recorder (originally produced for medical analytic purposes) was acquired. 
With this device receiving the combined video input from the digital quad unit, perfectly 
synchronized recordings could be made on a single videotape of the images of the test 
person and the changes on both computer screens, with the sounds of the thinking aloud 
being simultaneously recorded on the sound tracks of the same videotape as well. In view 
of the sound quality and the need for an additional track to record the comments made 
during the second session with a test person (see below), a hi-fi stereo video recorder was 
required. One advantage of the professional video recorder selected is that it is easily 
possible to wind and re-wind this tape bit by bit during the analysis of the recordings.  
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One input channel of the digital quad unit (one quadrant of the image on the television 
monitor) remained "open". The possibility to use this for the image of a second video 
camera was considered, e.g. with a detailed shot of the paper maps actually consulted, but 
the need did not arise. With one well-positioned video camera, the instruction to consult 
paper maps only at a fixed place on the desk, and the recordings of the thinking aloud, it 
is clear enough which maps are being consulted and what the test persons are doing with 
these maps.   
 

 
 

Figure 5.18 Sender and receiver of the wireless microphone used during the test sessions 
 
It is obvious that when the map use testing is centred around the application of the think 
aloud method, the quality of the sound recordings is of the utmost importance. The 
recording was done with the help of a good-quality, external, wireless microphone (see 
Figure 5.18). The test person carries the sender of the microphone in a pocket and the 
small microphone itself is clipped to the clothes. This guarantees the test person optimal 
freedom of movement: he or she can move from PC 1 to PC 2 and also stand up and pick 
up an existing paper map from the pile of plano maps or from the bookshelf while 
continuing to think aloud. Pilot tests demonstrated that the sound recordings are mostly 
clear and understandable. The receiver of the microphone is directly connected to one 
"audio in" jack of the video recorder. A so-called "line leveller" had to be put in between 
the receiver of the microphone and the video recorder to amplify the input. At the same 
time, a direct connection exists between the "audio out" of the video camera and the other 
"audio in" jack of the video recorder. This means that the sound captured by the 
microphone attached to the video camera is also recorded on the videotape. This "back-
up" proved to be very useful during a couple of test sessions in which the wireless 
microphone stopped functioning without the test person or the research assistant noticing 
it. Discovering after a think aloud session that the sound had not been recorded would 
have been a real pity and would have made the session useless. But because of the back-
up microphone this did not happen in the tests executed during this research project. 
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Special arrangements were made to make it possible to record the comments made during 
the second session with the test person (in which the test person looks at the recordings of 
the first session and comments on them in retrospect), synchronized with and "on top" of 
the recordings of the first session. This means that during the second session the tape of 
the first session is shown to the test person on the television monitor (using the camera as 
the video player) and the sounds are audible through the speakers of the television set. A 
new videotape is recorded with the video recorder. Not only are the images and sounds of 
the first session recorded again (i.e. copied) on this new tape, but also the moments when 
these recordings are fast forwarded, rewound, or paused to allow the test person or the 
researcher to elaborate for a moment on what happened during the first session. The 
sounds of the first session are copied on one track of the videotape of the second session; 
the verbal comments made during the second session are recorded on another track of the 
new tape. So, no video recordings are made of the second session (a video image of a test 
person making comments does not add a great deal), but the sound recordings are 
perfectly synchronized with the sound and video recordings of the first session. After the 
second session, the new tape can be analysed by listening to the sounds of the first and 
second sessions simultaneously or by listening to either the sounds of the first session or 
the sounds of the second session separately (through headphones).  
 
The recordings of both sessions were rendered into verbal and action protocols. This 
appeared to be a time-consuming process indeed. The use of speech recognition software 
had been considered, but it was decided not to make use of it as it would lead to a further 
extension of the duration of the test session because of the required training of the 
software to recognize the specific voice of each test person. It was decided to set down 
some "raw" protocols in writing, not for actually everything that had happened or been 
said, but for the relevant parts only (i.e. those parts that were relevant for answering the 
research questions). These raw protocols could be segmented on the basis of every new 
map display selected or generated, and subsequently used. In addition, for each of these 
segments a combination set of map use and map selection matrices was completed (see 
Section 4.6). These matrices may be considered as part of the protocols as well. As a 
consequence of the decision to apply these matrices, it was decided not to make use of 
the dedicated software that is available for managing and processing the results of 
qualitative research such as think aloud research.  
 
Finally, one consequence of opting for the use of analogue video techniques was that 
dedicated hard- and software had to be acquired for capturing and editing the resulting 
video recordings, and for extracting relevant fragments for use in presentations and 
publication on the World Wide Web. To this end Pinnacle Studio software was acquired, 
together with a capture card.  
 
 
5.5  ArcGIS as a tool for geographic data exploration 
 
In Section 1.2, it was made clear that, nowadays, exploratory cartography will not just 
take place in a paper map or atlas environment. For real cartographic exploration, it 
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should be possible to adjust maps to the specific needs of the users and / or to allow the 
users to generate new map displays themselves from the raw geographic data in demand-
driven ways. For this, cartographic visualization software tools are needed. Ideally, in 
view of their application in exploratory cartography − and leaving the hardware out of 
consideration − these tools should meet a number of requirements, among which those 
given below (van Elzakker, 1998):  
 
• It should be possible to automatically generate various types of maps, i.e. the map 

types distinguished in Table 4.3, directly from a set of attribute data. As described in 
Section 4.4, these map types are directly related to their purpose, as well as to the 
nature of the geographic data represented, and result from the application of the visual 
variables position, form, orientation, colour, texture, value and size, as shown in 
Figure 2.4. Therefore, a cartographic visualization tool should allow variation in all of 
these seven aspects. In this context, reference is sometimes also made to the so-called 
multiple view functionality (Kraak, 1996, p. 9).  

• In addition, a modern cartographic visualization tool should allow the application of 
dynamic visual variables (see Section 4.3), not only to be able to deal with spatial 
processes (in temporal animations), but also to discover (by means of non-temporal 
animations) spatial patterns or relationships that would otherwise perhaps remain 
hidden (see e.g. Blok, forthcoming). It is especially here, because of technologic 
developments and a greater interactive involvement of the users themselves, that new 
thematic "map types" may emerge, and the cartographic visualization tools should be 
flexible enough to allow for this. 

• By preference, however, the cartographic visualization tools should prevent their users 
from obtaining a wrong impression of the nature of the information in a particular 
region just because they applied wrong cartographic design solutions. It is dangerous, 
for instance, to map absolute quantitative data by means of the choropleth technique, 
as the different surface areas of the mapping units may have unwanted effects on the 
perception (Liebenberger, 1976). Therefore, preferably a cartographic visualization 
tool should also be some kind of cartographic expert system (containing relevant 
scientific cartographic knowledge and expertise), in the sense that its users, if they so 
wish, may be warned against design pitfalls or (automatically or otherwise) be helped 
to prevent mistakes in the cartographic representation of the geographic data (see e.g. 
Müller & Wang Zeshen, 1990; Zhan & Buttenfield, 1995; and the VIZARD system of 
Jung (1995)). Blatchford & Rhind (1989, p. 161) call this package "intelligence". It 
should be realized, however, that cartographic design freedom is an important good in 
the process of geographic data exploration.     

• It should be possible to make spatial comparisons. Statistical techniques can be used 
to compute spatial correlations and the like, but in the context of exploratory 
cartography it should first of all be possible to visually compare spatial distributions or 
spatial patterns of different phenomena, or of the same phenomena at different 
moments in time. This means that it should be possible to display several maps next 
to, or on top of, each other. By preference, these maps should be dynamically linked at 
the same time. Dynamic links with non-map graphics (graphs and diagrams generated 
from the database with the help of the visualization tool) will be useful as well. 
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• The previous requirement also indicates the desirability (for the exploration of 
geographic data) of typical GIS functionalities, such as overlaying, querying and 
measuring distances and areas.  

• An important functionality of cartographic visualization tools relates to the concept of 
generalization. And here, I do not think first of all of graphic generalization operations 
such as simplification, exaggeration or displacement − although these may sometimes 
be useful. In geographic data exploration, it seems to be more important to have the 
flexibility to change the aggregation level (Ormeling, 1996), to change the scale, or to 
change the method of data classification. When users change the level of aggregation 
and scale, they may want to zoom in or zoom out, and this may involve the desirability 
of turning topographic base map layers on or off. Experimentation with the number of 
data classes and the method of classification may reveal different spatial patterns and 
should, therefore, be allowed as well. Other methods of data manipulation, such as 
principal component or factor analysis may have similar effects. The term re-
expression is sometimes used with reference to this functionality (Kraak, 1996, p. 9).  

• The quality of the results of the geographic data exploration will depend very much on 
the quality of the data in the dataset. An obvious problem is that there may be 
differences in the quality of the data that have been brought together. In general, it 
would be desirable if the visualization tool could also provide the user with metadata, 
possibly also by cartographic means (see e.g. Ahonen-Rainio & Kraak, 2004).  

• Somewhere in the process of geographic data exploration, a geographer may want to 
construct a hypothetic model of the regional structure (as in the case study for this 
research project; see Section 5.2). By further exploration or analysis of the geographic 
dataset, this model may be tested, for instance, by means of visual comparison with 
other common models. In practice, it would appear to be very useful if the 
cartographic visualization tool could also provide the drawing means to construct such 
spatial models, as well as the means to import other models.  

 
In addition to these functionalities, which are directly related to the data exploration 
process proper, some additional requirements of cartographic visualization software 
tools, which are related to activities that precede or follow this process, can also be 
mentioned here: 
 
• (New) geographic data input should easily be possible, for instance, by digitizing 

topographic base map elements or by adding tables with georeferenced attribute data. 
• Editing of the topographic base map and attribute data should be possible as well. 
• An important requirement is the possibility to integrate geographic data arriving in 

different map projection systems. In other words, map projection transformations 
should preferably be possible. Obviously, this requirement is less relevant in the case 
of this particular research project, which deals with a region (Overijssel) of limited 
geographic extent. 

• The end product of a geographic data exploration task will often be a report or 
publication, which will be used to store the results for further analysis or synthesis, or 
used to present them to others. Maps will again play an important role here, although 
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they will have different positions in the map use cube referred to in Chapter 1. This 
means that cartographic visualization tools should also enable proper map output, not 
only in digital form, but also printed on paper. Especially because others will work 
with this output as well, the demands on the quality of the graphics and of the 
cartographic design may be different than in the exploration stage. 

 
Finally, it is taken for granted that the requirements listed are embedded in a package that 
functions properly; supports basic functions such as switching legends and layers on and 
off, image rotation, and zooming and panning; and is user friendly. In this respect, the 
graphic user interface plays a very important role. It influences the amount and nature of 
the interaction with the map displays and the database, and may actually steer the 
exploration process. In general terms, it may be stated that the nature and structure of the 
interface of the cartographic visualization tools should be adjusted as much as possible to 
the purposes of geographic data exploration. 
 
At the moment, there is no software that meets all these requirements for exploratory 
cartography and is widely applicable. Perhaps the best example of a software system that 
has been designed with the purpose of exploratory cartography in mind is CommonGIS, 
formerly known as Descartes (Andrienko & Andrienko, 1999). CommonGIS enables the 
creation of several thematic map types, dynamic maps, dynamically linked maps and 
interactive diagrams. Geographic and attribute data transformations are possible, as well 
as the visual analysis of spatio-temporal data through animations with various controls 
(URL 3). Furthermore, the makers of CommonGIS are now working on introducing 
intelligent user guidance in the system (Andrienko et al., 2003). However, in this 
research project CommonGIS was not selected as the tool for generating new map 
displays from the attribute data in the database of Overijssel. The main reason for this 
was that it was expected that the broad geographic information analysis and visualization 
functionality of CommonGIS would be too unfamiliar to the test persons and that, 
because of this, research into the demand-driven use of actual personally generated map 
displays would be hindered. This viewpoint was confirmed by usability tests on the 
CommonGIS prototype (Andrienko et al., 2003): the novel exploratory tools were too 
unusual for users to understand and utilize without previous introduction. But for such an 
introduction there was no time in this project and, besides, the research would take on a 
supply-driven nature again. 
 
For the generation of new maps, it was considered better to make use of a cartographic 
visualization software tool with functionalities probably a little more familiar to the test 
persons. It had to be software already widely available in academic regional geographic 
circles, and with which a great variety of map types could be created automatically from 
the attribute data held in a GIS. And, of course, the software should meet as many of the 
other requirements listed above as possible. The software packages that immediately 
spring to mind are ESRI's ArcGIS (URL 4), Intergraph's GeoMedia (URL 5) and 
MapInfo (URL 6). Of these three, ArcGIS version 8.3 was selected, because the other 
two are less comprehensive and because it was believed (sales figures are hard to come 
by!) that in this part of the world − where the test persons are currently residing − 
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ArcGIS, and its predecessor ArcView 3.x, are mostly used. 
 

 
 

Figure 5.19 The ArcGIS software family 
 
ArcGIS is a family of GIS software products (see Figure 5.19) with the same architecture 
and a common (Windows) user interface (van Elzakker, 2002). It has three increasing 
levels of functionality, combined successively in the desktop software products ArcView, 
ArcEditor and ArcInfo. All three are based on a combination of the standard applications 
ArcMap, ArcCatalog and ArcToolbox, with, as mentioned before, more or less 
functionalities. ArcToolbox contains functionalities for data conversion and 
geoprocessing by means of wizards. ArcCatalog is meant for the browsing, management, 
creation, organization and maintenance of geodata and their metadata. Finally, ArcMap is 
the application for the basic editing, querying, analysis and integration of geodata, 
usually involving data display and cartographic visualization. ArcToolbox was not used 
in the test sessions. ArcCatalog was used a little, for quickly locating and previewing 
existing ArcGIS data frames and ArcGIS map documents (see Section 5.3 above), and 
ArcMap was used a lot, for generating new maps from the attribute data in the Overijssel 
database or for adjusting existing ArcGIS data frames. For the same reasons as why 
CommonGIS was not selected as the cartographic visualization tool for this research 
project , it was also decided to not make use of any of the ArcGIS extensions, like Spatial 
Analyst, 3D Analyst or Geostatistical Analyst. 
 
In principle, the metadatabase could have been created with the help of ArcCatalog. 
ArcCatalog offers useful search facilities and one of its big advantages is that it provides 
thumbnail views and larger previews of the maps and data tables in the database. It also 
offers some basic functionality to explore, query and edit the maps and data on the basis 
of these previews, and ArcMap may be launched directly from ArcCatalog. However, in 
this research project the metadatabase and the search forms had to be created with the 
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help of Microsoft Access, because in ArcCatalog it is not possible to create metadata for 
individual attributes in a data table, and because the database also had to include 
metadata on existing paper maps. 
 
With ArcMap, a variety of standard map types can be created more or less automatically. 
When considering the map types listed in Table 4.3, the standard ArcMap (without 
extensions) can only not be used for the creation of isoline maps, statistical surfaces, 
cartograms and animations. It is a drawback indeed that ArcMap does not allow the 
application of dynamic visual variables. Several map displays can be viewed 
simultaneously (e.g. the default template applied for map documents in this research 
project contained room for four data frames (see Figure 5.10)), but they cannot be linked 
dynamically. On the other hand, ArcMap does offer a lot of flexibility with respect to the 
application of the traditional visual variables, as shown in Figure 2.4. It certainly cannot 
be considered a cartographic expert system, but in some cases it does make cartographic 
expertise available by offering appropriate default solutions for the representation of 
particular types of geographic data. It contains basic GIS and generalization 
functionalities, and interaction with map displays is possible in various ways. It is 
possible, for instance, to pan and zoom, to click map features to get more detailed 
information, and to experiment with ways of representation and different data 
classifications (the latter with the help of a specific visual tool). Maps for presentation 
can be made in the so-called "layout view" of ArcMap. In case printed map output is 
desired, colour definition in the CMYK system is supported with possible export to 
PostScript colour separates. Also the other requirements related to the input, editing and 
processing of geodata are met reasonably well by ArcGIS and, therefore, it was 
considered the most suitable tool to use for cartographic exploration in this research 
project. 
 
 
5.6  The test persons 
 
Everyone who has had the benefit of primary or secondary education will have had some 
experience of basic regional exploratory studies with the help of maps. After all, in this 
kind of education it is common to have geography lessons in which pupils gain an insight 
into geographic regions hitherto unknown to them. This insight is usually obtained with 
the help of school atlases and wall maps (Sandford, 1980). These cartographic tools are 
supplied to the schoolchildren by their teachers. But as this research project concentrates 
more on demand-driven uses of maps, the test persons were sought at the other end of the 
scale: professional geographers with an academic background and with some degree of 
competence and / or experience in regional exploratory studies. 
 
In total, 10 different test persons took part in the test sessions. This number is more than 
sufficient for a qualitative research project that aims at generating hypotheses to be 
investigated in further research. Nielsen (1994) recommends to plan for four (+/- one) 
subjects in a think aloud study. This recommendation is based on a study with 
inexperienced experimenters that led to the conclusion that "it does not seem to be worth 
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the trouble to run more than six or seven subjects, since the value of additional subjects 
falls of exponentially" (Nielsen, 1994, p. 393). Therefore, using ten test persons in this 
research project was not only sufficient, but made it also possible and acceptable to make 
some adjustments during the execution of the tests (see Section 6.2). The ten test persons 
were willing to spend about half a day on the test (excluding travelling to and from 
Enschede), and their participation resulted in a great deal of valuable research data. 
 
For the interpretation of these data, it was, of course, necessary to have a clear picture of 
the background and characteristics of the different test persons (cf. Clarke, 2003). 
Therefore, after their introduction to the test, they were asked to complete a questionnaire 
(see Appendix 3). The detailed results for each test person (TP) are given in Appendix 4. 
In order to characterize the various test persons, these results have been summarized in 
Table 5.3, under the main headings daily work, geography (academic background and 
experience), cartography, ArcGIS and Overijssel. During the test sessions, it became 
clear that the answers to some questions could not be compared just like that. For 
instance, TP10 indicated that he hardly knew anything about the geography of Overijssel. 
However, during the test sessions it became clear that he knew at least as much about 
Overijssel as another test person who said that he was really interested in the geography 
of Overijssel and had studied publications and maps on this province. Therefore, the 
video recordings of the test sessions were also used to complete and adjust the 
description of the characteristics of the test persons in Table 5.3.   
 
In this table, no differentiation has been made with respect to familiarity with Microsoft 
PowerPoint or competence in the English language. During the test sessions, it appeared 
that all test persons could work well with the drawing functions of PowerPoint, with or 
without the help of the available guidelines. None of the test persons was a native English 
speaker, but there were no big differences in English language competence. Nevertheless, 
TP3 and TP7 did their thinking aloud in Dutch. All but two test persons were Dutch. TP4 
came from Kyrgyzstan and TP6 from France. TP3 and TP6 were females; all the other 
test persons were male. The regional geographers (RG in Table 5.3) knew beforehand 
what a chorème was, but they had only made use of it once or twice. Seven test persons − 
not TP2, TP6 and TP10 − had received basic cartographic training during their geography 
studies. Except for TP6, all test persons made frequent use of maps (on average, every 
week), but they actually designed and constructed maps far less frequently − a couple of 
times per year, even less, or not at all. Exactly the same holds true for the use of GIS. 
Only TP5 and TP6 used GIS on a weekly and monthly basis, respectively. And because 
TP5 was using ArcGIS, it was only in his case that there might be "supply-driven" 
elements in the use of the cartographic visualization tool ArcMap. The limited use of GIS 
by regional geographers and the low number of maps they design and construct 
themselves are rather surprising, and the causes should be investigated further. Finally,  
there were no real experts on the geography of Overijssel among the test persons. In this  
sense it was a test indeed of the use of maps in the exploration of a set of data that were 
completely or relatively unknown.
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Table 5.3 Characteristics of the test persons (RG = regional geography) 

 
Test 
person  Daily work   Geography          Cartography         ArcGIS             Overijssel   

    
TP1 ITC lecturer PhD 

geography 
experienced 

Basic training, 
weekly map use, 
little map design  

Rare GIS use, 
ArcView, no 
ArcGIS 

Has lived in 
Overijssel for 
many years 

TP2 Unemployed MSc RG 2002 Basic training, 
weekly map use, 
no map design 

No GIS use Dutch, little 
knowledge 

TP3 Student RG Student RG No training, 
weekly map use, 
no map design 

Rare GIS use Born in 
Overijssel, lived 
there for 18 
years 

TP4 PhD student MSc 
geography 
1995 

Basic training, 
weekly map use, 
little map design 

Little GIS use, 
ArcView, no 
ArcGIS 

Foreigner, no 
knowledge 

TP5 PhD student MSc physical 
geography 
1998 

Basic training, 
weekly map use, 
little map design 

Weekly GIS 
use, makes maps 
with ArcGIS 
monthly  

Dutch, studied 
publications and 
maps 

TP6 PhD student No, but now 
working with 
GIS 

No training, little 
map use, rare 
map design 

Monthly GIS 
use, rarely 
makes maps 
with ArcGIS 

Foreigner, no 
knowledge 

TP7 PhD student 
RG 

MSc RG 2002 Basic training, 
weekly map use, 
little map design 

Rare GIS use Lived there for 9 
years as a 
teenager 

TP8 PhD student 
RG 

MSc RG 2002 Basic training, 
monthly map 
use, rare map 
design 

No GIS use Dutch, little 
knowledge 

TP9 University 
lecturer RG 

PhD RG 
experienced 

Basic training, 
daily map use, 
rare map design 

Rare GIS use, 
no ArcGIS 

Dutch, studied 
publications and 
maps 

TP10 University 
lecturer RG 

PhD RG 
experienced 

No training, 
weekly map use, 
little map design 

Little GIS use, 
ArcView 

Dutch, some 
knowledge 
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In research projects such as this, a distinction is often made between expert and novice 
users (see e.g. McGuinness, 1994). In the context of this research project, and in view of 
the characteristics of the test persons as summarized in Table 5.3, particularly the 
differences in experience in regional geography and in regional exploratory studies are 
relevant. The following scale, ranging from novice to expert user, is recognized: 
 
TP6 − TP4 − TP5 − TP3 − TP2 − TP1 − TP7 & TP8 − TP9 & TP10  
 
It should be realized that, next to these differences between the test persons in 
background, knowledge and expertise in regional exploratory studies, there will also be 
substantial differences in physical and psychologic visual and spatial abilities. However, 
it was beyond the scope of this research project to establish such differences.  
 
 
5.7  Research assistant 
 
In Section 3.5, it was postulated that a research assistant would be required during the 
test sessions to operate the cartographic visualization tool under the direction of the test 
persons. The necessity for this became all too clear when it appeared that, currently, 
regional geographers make only very limited use of cartographic visualization tools such 
as ArcGIS. Only one of the test persons (TP5) was likely be able to operate ArcGIS 
during the test sessions, but he would probably lose quite some time in doing so and 
would pay less attention to formulating geographic questions, and actually selecting and 
using the map displays that might help in answering these questions. After all, obtaining 
more information on this process, not on the use of ArcGIS, was the main objective of 
this research. The research assistant would also execute the searches on the metadatabase 
(again, under the direction of the test person) and would help in locating and retrieving 
the existing paper or digital maps selected. Consequently, the test persons' attention 
would not wander too far from selecting or generating and then using map displays to 
carry out the task in hand. The research assistant could also prevent the test persons 
spending too much time on model construction, by helping them in the operation of 
PowerPoint's drawing tools and by stopping them working too long on graphic 
refinement of the elements of the model. Further, the research assistant might have to 
remind the test person to keep thinking aloud. Finally, he should keep an eye on the 
proper functioning of all the equipment. The wireless microphone, for instance, needs a 
lot of batteries. 
 
In view of all these tasks, and also in view of the fact that the research assistant should 
not influence the cognitive process of the test person, detailed instructions were prepared 
for him (see Appendix 5). These instructions also contain general information for the 
researcher for the preparation and execution of the various elements of the test as a 
whole. In addition to these instructions, to ensure the smooth running of the tests, 
separate step-by-step guidelines were also available on Hard- and software settings, on 
Hardware controls and on Working with ArcMap during test sessions (describing what 
should be done when test persons want to make adjustments to existing data frames or 
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visualize attribute data from scratch, and when attribute data in tables should be 
processed).  
 
 
5.8  Conclusion 
 
This chapter gives a detailed description of the nature of the map use tests and of the 
environment in which these tests were executed. The details provided on the task to be 
executed, the set-up of the database and the metadatabase of Overijssel, the experiment 
room, ArcGIS as a tool for geographic data exploration, the test persons and the research 
assistant are necessary to enable the results presented in the next chapter to be interpreted 
correctly. Another reason for providing an extensive description was that this type of 
think aloud research has seldom been executed before in the field of cartography. The 
experiment room that has been fitted up for this research project may equally well be 
used, and has been used already (e.g. Ogao, 2002; Blok, forthcoming), for other usability 
research projects in cartography and geo-information processing. The next chapter 
contains the outcome of all the investments made in the research environment. 
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6    RESULTS  
 
 
6.1  Introduction 
 
Chapter 4 presented the map use hypotheses and the model of geographic problem-
solving in regional exploratory studies. Chapters 3 and 5 described how this model and 
the hypotheses were going to be tested in a specifically created test environment by a 
specific group of 10 test persons with different backgrounds and experience in (regional) 
geography. This chapter discusses the outcomes of the test sessions. First of all, Section 
6.2 examines whether the whole set-up of the tests and the research methodology selected 
turned out to be appropriate in practice. It also describes the adjustments made after the 
first couple of (pilot) tests. Section 6.3 deals with the (qualitative) research data that 
resulted from the test sessions: the video recordings that were turned into segmented 
verbal and action protocols, sets of completed map use and map selection matrices, and 
the graphic models of Overijssel produced by the test persons. Section 6.4 presents the 
results of analysing all these qualitative research data, referring back to the research 
questions posed in Chapter 1. Attention is paid to the geographic questions posed and the 
geographic themes selected, the ways in which maps are selected and used, which maps 
are selected, the cartographic awareness of the test persons, and the process of regional 
exploratory studies. Finally, although it was not the main objective of this research 
project, some words will be devoted to the suitability of ArcGIS as a tool for regional 
exploratory studies.  
 
 
6.2  Test execution 
 
On the whole, the research methodology selected and the set-up of the test environment 
worked out well. In other words, the research methods and techniques applied appeared 
to be suitable. The test persons participated with enthusiasm, and generally considered 
the task set to be a realistic one for regional geographers. Their thinking aloud was 
usually fine, and they had no serious problems in using PowerPoint to construct the 
graphic models. The test persons needed only 6 to 16 minutes to go through the 
Guidelines for constructing a graphic model of Overijssel, practising both thinking aloud 
and the use of PowerPoint. Only a short practice period then, but even so the guidelines 
were hardly consulted again during the test sessions. The equipment generally functioned 
properly as well, and when it did not (the wireless microphone failed a couple of times), 
the back-up facilities proved adequate. The first couple of tests were considered as pilot 
tests and were used to make some adjustments to various aspects of the test and test 
conditions. Nevertheless, the outcomes of these pilot tests could also be used in 
addressing the research questions posed. 
 
The tests were executed between May 2003 and January 2004. The time in between the 
tests was used to make adjustments to the test environment and, in particular, to add maps 
and data to the database of Overijssel. The test persons were very willing to participate in 
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the various parts of the test. The total net duration of the tests (introduction, completing 
the questionnaire, going through the guidelines, the actual test session and looking back 
on this session in retrospect) ranged from about two and a half hours to almost four 
hours. Most of the test persons were actually occupied some three hours. This is about 
half a working day, including the coffee breaks. Half a day can be added for six of the 
test persons who had to travel to and from the research laboratory in Enschede. Of 
course, the core of the user tests was the actual think aloud session. The duration of this 
part varied from just over an hour to just over two hours. Most test persons sustained the 
test for about an hour and a half. The test persons were instructed to indicate when they 
wanted to stop with the think aloud session. They were told that they did not have to wait 
until they considered their graphic model to be ready; they could stop the session when 
they felt tired or did not know what to do next. It is difficult and inappropriate to simply 
compare the time taken by the different test persons. Some test persons, for instance, 
spent quite a lot of time on constructing their model, neatly drawing the various elements 
in detail, whereas others spent relatively more time on hypothesizing and describing the 
geographic characteristics of Overijssel. And, proportional to the use made of this 
facility, the test duration was also longer when test persons generated their own maps 
with the help of ArcGIS. However, it is unlikely to be a coincidence that the test of the 
novice user TP6 was the shortest in duration, whereas the test of one of the most 
experienced regional geographers (TP9) was the longest (see Section 5.6 for the 
characteristics of the test persons). The video recordings also demonstrate that TP6 
became really exhausted towards the end of the test session, and could no longer make up 
her mind very well, whereas more experienced test persons such as TP10 and TP9 
showed no signs of fatigue. Obviously, familiarity with the task in hand plays a role here. 
 
Generally the thinking aloud went well. Although none of the test persons was a native 
English speaker, all but two test persons did the thinking aloud in English and this did not 
seem to hinder them greatly in verbalizing their thoughts. The two test persons who did 
not think aloud in English (TP3 and TP7) did it in their own language, i.e. Dutch. But 
there was no apparent difference in the quality of the thinking aloud between these and 
the other test persons. Nor, apparently, was the presence of a research assistant 
detrimental to the quality of the thinking aloud. On the contrary, not only was the 
research assistant instrumental in stimulating the test persons to think aloud, but usually 
the test persons felt inclined to tell to the research assistant (and, therefore, to themselves 
as well) why they had selected a certain map display or added certain elements to their 
graphic models. Only when the test persons were actually using the selected or generated 
map displays (i.e. when they were looking at the maps) were there moments when the 
thinking aloud stalled. Clearly, cognitive processes were going on at these moments, but 
the test persons did not always think aloud and the research assistant had to remind them 
to do so. 
 
After the first couple of tests, a number of adjustments had to be made to the way in 
which the tests were executed and to the instructions specifically made for that purpose. 
For instance, some questions in the questionnaire had to be reformulated because they 
were not clear enough or because, in the case of multiple choice questions, they did not 
cover all possibilities. Furthermore, now when test persons were invited to participate in 
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the test, they were no longer given the name of the region of which they had to produce a 
graphic model. The name was given when the first test person (TP1) was invited for the 
test, and then this test person used the time between the invitation and the actual test 
(about one week) to start thinking about the model contents and what he knew about the 
geography of Overijssel. As a consequence, when the think aloud session started, this test 
person immediately started to draw a model and only looked at the first map (other than 
the PowerPoint template shown in Figure 5.7) after more than 10 minutes (and then just 
for confirmation). Clearly this was not the kind of exploratory cartography that had to be 
investigated. Another problem was that this geographer lived in Overijssel (and had done 
so for almost 30 years) and, therefore, the geographic dataset to be explored was not 
completely unknown to him. Consequently, when selecting new test persons, care was 
taken that they did not live (or certainly had not lived for long) in Overijssel. It is true 
that TP4 lived in Enschede at the time of the test, but he had only been there for about a 
year, and had come from Kyrgyzstan to study at ITC. TP3 and TP7 had lived in 
Overijssel in the past, but as children, before starting their geography studies. All in all, 
except for TP1, most of the test persons did not know much about the geography of 
Overijssel (see Appendix 4). 
 
Other adjustments made related to the set-up of the test environment. For instance, the 
monitor screen of PC 1 was moved more towards the position of the test person, so that 
he or she did not have the feeling of looking over the shoulder of the research assistant 
when searching the metadatabase, consulting the digital maps, or generating or adjusting 
maps with ArcGIS. The test person had to have the feeling that he or she was really in 
charge of this tool. An additional advantage was that the test person could come closer to 
the monitor screen to consult the displays. At the same time, the pile of plano paper maps 
lying on the table next to PC 2 (on which the test persons constructed their graphic 
models) was moved away from the test person after the first pilot test. It appeared that 
this readily available supply of maps was too tempting for the first test person. After his 
initial work on the graphic model, the first thing TP1 did when he suddenly realized that 
he also had to make use of maps was to dig into the pile of paper maps lying immediately 
next to him. He did no search; nor did he take the atlas behind him or browse through the 
digital maps available through PC 1. Therefore, the pile of paper maps was put on a table 
elsewhere in the laboratory so that a test person would have to stand up and walk to this 
table to retrieve a map. But even so, the supply of existing paper maps was so attractive 
to the test persons in the sessions that followed (see description of the results in Section 
6.4) that it was decided to adjust the procedure for the last three test sessions (those 
involving TP8, TP9 and TP10) and disallow the use of paper maps. This was done 
because it was felt necessary to learn more about the selection, adjustment, generation 
and use of digital map displays. And, in view of the small number of test persons required 
(see Section 5.6), this move did not lead to invalid results.  
  
Another major adjustment concerned the research assistant. The original idea was that the 
researcher himself should not be the research assistant during the execution of the actual 
think aloud session. This was to prevent any possible bias caused by unwanted influences 
on the cognitive processes of the test persons. On the other hand, the research assistant 
should thoroughly understand the objectives of the research project (in order to prevent 
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test persons concentrating far too much on model construction, for instance). In addition, 
the research assistant should have a good operational knowledge of both ArcGIS and the 
drawing functions of PowerPoint, be familiar with the search facilities in the Overijssel 
database, and have a reasonable idea of which maps and data are available and where 
they can be found. If this were not the case, it would be very difficult for the research 
assistant to keep an eye on the equipment and ensure proper functioning all at the same 
time. In the session with the first test person, the research assistant was a foreign student 
who had completed a practical period at ITC. Before he became the research assistant, 
under the direction of the researcher he had prepared most of the existing ArcGIS data 
frames that were incorporated in the Overijssel database and had contributed to some of 
the guidelines for the execution of the tests (e.g. Working with ArcMap during test 
sessions). So, he was reasonably well equipped to function as the research assistant. 
However, perhaps he should have prevented TP1 from concentrating on model 
construction too much. Moreover, in stead of just telling what he did, TP1 (an ITC 
lecturer) felt inclined to explain the geography of Overijssel to this foreign student the 
whole time, so less attention was paid to the actual object of this research project: the 
selection and use of maps. These kinds of explanations, as socially motivated 
verbalizations, are different from the actual thoughts test persons have in geographic 
problem-solving with the help of maps. And, therefore, it is an undesirable way of verbal 
reporting (Ericsson & Simon, 1993, p. xiv).  
 
The first research assistant was no longer available for the remaining user tests. The next 
research assistant was an ITC staff member of the Department of Geo-Information 
Processing, with a working knowledge of ArcGIS and PowerPoint. However, his 
functioning in the think aloud sessions with TP2 and TP3 demonstrated how very 
difficult it was for a research assistant to meet all the requirements in this investigation. 
This research assistant was unbiased because he was not fully aware of the contents of 
the database or where the maps and data could be found. Nor was he familiar with all the 
research questions being addressed or the objectives of the think aloud test. Being 
unbiased was nice, but because of all these factors the research assistant exerted a 
somewhat negative influence on the course of events in the think aloud sessions and, 
thus, on the cognitive processes within the minds of the test persons. The research 
assistant asked the wrong questions, gave the wrong answers to questions from the test 
persons, retrieved complete ArcGIS map documents instead of the single data frame 
requested and, occasionally, got stuck when operating ArcGIS because he had forgotten 
about the instructions that were available. As a consequence, TP3, for instance, lost faith 
in ArcGIS as a cartographic visualization tool. Moreover, perhaps because he felt a little 
embarrassed about not being able to meet all the requests of the test persons, the research 
assistant felt inclined to help the test person in solving the task in hand and sometimes 
even took the lead. 
 
Despite all this, the results of the think aloud sessions of TP2 and TP3 were not 
completely useless, but they did have to be interpreted with care. Therefore, for the 
remaining seven test sessions it was decided not to work with a relative "outsider" as 
research assistant. The demands put on such a person were simply too high. The decision 
was taken that the researcher himself would also be the research assistant during the think 
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aloud sessions. The reasonable objection of possible bias − the argument in favour of 
working with an "independent" research assistant − may be countered by the evidence 
provided by the video and sound recordings made. The unwanted influences on the 
cognitive processes by a research assistant who is not sufficiently familiar with the test 
are much more harmful. Obviously, leaving aside the possible scientific bias, the 
researcher himself met all the requirements listed above. And, indeed, the influences on 
the cognitive processes of the test persons now became minimal. An additional advantage 
was that the duration of the second session with the test persons (in which researcher and 
test person look back at the recordings of the first session in retrospect) could now be 
considerably reduced. After all, the researcher already knew what had happened during 
the first session and it was no longer necessary to look at, and listen to, the complete 
recording. The researcher could now wind or rewind the tapes to those parts of the first 
session he wanted to know more about. The test persons were certainly pleased with that 
as well. After all, it was clear from the second sessions with the first test persons that they 
felt rather bored having to watch complete recordings lasting an hour to an hour and half. 
So, gradually, the duration of the second session was reduced to about half an hour for 
the last four test persons. This should also be considered in the light of the longer 
duration of the think aloud sessions themselves, as described above. 
 
It must be admitted that the researcher himself, when acting as research assistant, could 
not always avoid having an influence on the cognitive processes of the test persons. 
When analysing the video recordings, it appeared that the researcher too felt inclined, 
occasionally, to help the test persons, especially the more inexperienced ones, by 
suggesting (just once or twice) certain maps to look at, or by making an adjustment to an 
ArcGIS data frame without the test person asking. And after it was discovered that users 
do not properly consult the legends of digital maps (see Section 6.4), the researcher 
usually made an effort to stress what was represented, immediately after the retrieval of 
such maps, without the test persons having asked him to do so. All these facts were taken 
into account when analysing the results of the user tests.  
 
 
6.3  Processing the qualitative research data 
 
The concrete outcomes of the user tests can be listed as follows: 
• completed questionnaires 
• graphic models of Overijssel, as produced by the test persons 
• sound and video recordings of the first and second sessions with the test persons, 

which were turned into: 
- verbal and action protocols (plus shorthand overviews of the geographic questions 

posed, geographic themes selected, and the maps selected or generated) 
- completed map use and map selection matrices  

 
The questionnaires (see Appendix 3) and their results (Appendix 4) have already been 
discussed in Chapter 5 (see Section 5.6). The other outcomes will be discussed in this 
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section. Illustrative fragments of the sound and video recordings can be seen on the 
researcher's website (URL 1). 
 
 
6.3.1  The graphic models produced 
 
The graphic models that had to be produced by the test persons have never been a goal in 
themselves. They were just meant to give the test persons a concrete task in their regional 
exploratory studies. The test persons were also informed that they did not have to strive 
for complete graphic models and that no qualitative judgement would be made on their 
performance in constructing the models. Nevertheless, it is interesting to consider the 
various graphic models produced (see Figures 6.1, 6.2, 6.3 and 6.4). Some test persons 
asked whether they had to prepare a legend with their models. They were told not to do 
so, in order to save more time for the actual objective of this research project, i.e. the 
selection and use of map displays. In Figures 6.1, 6.2, 6.3 and 6.4 a short explanation 
accompanies each model. This explanation has been derived from an analysis of the 
video recordings and the related verbal and action protocols. 
 

 

Three subregions of Overijssel, as derived from 
historic map. Blue and red arrow lines represent 
(traditional) trade routes / transport axes / 
corridors over water and land respectively. River 
IJssel is also a natural boundary of the region. 
Other natural boundaries are indicated by 
moccasin (peat areas) and green ("mountains") 
ovals. Orange point symbols used for historically 
important settlements. 

 Blue hydrographic features (lakes in the northwest 
and some linear features, but not the river IJssel) 
form the physical geographic base. The black lines 
show the main railway connections. The green point 
symbols are the five main cities as centres of 
gravity. 
Originally, agricultural areas were included in the 
model as well. But they were removed later on, 
because TP4 discovered that "agriculture is not the 
main industry in Overijssel". 

 
Figure 6.1 Graphic models of Overijssel produced by the test persons TP1 and TP4 
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TP2 produced a model consisting of two different 
chorèmes. In both chorèmes, the large yellow oval 
represents Overijssel. In this first chorème, the 
black lines are the main transportation axes (rail 
and road). The arrows show the traffic connections 
with the outside world. The orange point symbols 
represent the five main cities, proportional to their 
number of inhabitants. In light yellow an area of 
low population density; an area of high population 
density in orange. 

 TP2's second chorème is derived from one (soil) 
map only. The symbols represent clay on peat (dark 
brown), peat (purple) and river clay (brown lines). 
The river IJssel is represented as a blue line 
symbol. The oval for Overijssel is yellow, because 
sand is predominant. 

 

The model of TP3 consists of three different 
chorèmes. In this chorème, ovals in the background 
represent administrative regions with different 
levels of increase of employment in the service 
sector (the darker, the more). Rectangles do the 
same for manufacturing industry. Green point 
symbols represent cities (including Hardenberg, 
where TP3 used to live). Rivers IJssel and Vecht in 
blue lines. Roads in red. Zigzag line indicates that 
grassland is everywhere. 

 TP3's second chorème shows a subregionalization 
based on service areas. 
 
TP3's third chorème shows areas with an 
immigration surplus (orange), an emigration 
surplus (yellow) and with a high natural growth 
(violet). 

 
Figure 6.2 Graphic models of Overijssel produced by the test persons TP2 and TP3 
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Green areas are higher areas; the polygons with a 
pattern in the northwest are water areas. The red 
point symbols represent cities with more than 
60,000 inhabitants. Where there is a black dot in 
these symbols, the city has more than 100,000 
inhabitants. Arrows show commuter movements. 
Smiley faces denote tourist areas (the bigger, the 
more people want to be there). Blue line symbol 
represents the river Vecht, as an explanation for the 
greater importance of tourism. 

 This model is largely explained already by the text 
labels in it. The three urbanized areas are areas 
with a high population density. The population 
density is low in the "nature" area. The more you go 
to the northwest, the younger the people. The red 
line is the A1 highway. Concentration of people 
with a high status in the IJssel valley. 

 

Base of this model is a subdivision into three 
regions: Twente, Salland and Northwest Overijssel. 
This subdivision is based on previous knowledge, 
not on map use. Liver areas represent peat. Green 
rectangles are recreation areas. Population 
concentrations in orange. Little red oval to the 
north of Zwolle is an additional concentration of 
employment. Black lines represent transport axes, 
connecting Overijssel to the outside world (except 
for the "cart track" between Zwolle and Twente). 
Arrows show commuter movements. 

 Schematic model of Overijssel with liver polygons 
representing agricultural areas in it. Orange 
symbols show the six municipalities with more than 
50,000 inhabitants (Almelo, Hengelo and Enschede 
combined in one oval). Plus (+) symbols indicate 
population growth, which is higher in Zwolle. The 
purple square is an airport. The green lines in the 
background represent highways, yellow lines 
provincial roads. 

 
Figure 6.3 Graphic models of Overijssel produced by the test persons TP5, TP6, TP7 and TP8 
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Violet polygons with a "T" in it are regions where 
tourism is important. Urban industrial areas are 
shown in orange. Green polygons with line patterns 
in it represent corridors. Green plusses denote 
positive development, orange half circles negative 
development. 

 Monocentric urban centres Zwolle and Deventer 
and a multicentric urbanized core region in Twente.
Plus signs (particularly the one connected to 
Zwolle) represent growth. 
The amorphous shape in the centre of Overijssel 
indicates that the urban core areas are not 
connected. 

 
Figure 6.4 Graphic models of Overijssel produced by the test persons TP9 and TP10 

 
  
6.3.2 The verbal and action protocols 
 
The sound and video recordings made of the test sessions were turned into written verbal 
and action protocols. These protocols do not contain literally everything said and done 
during a test session. For instance, they do not contain a literal transcription of what a test 
person actually said when he was asking the research assistant how he had to construct a 
particular symbol with the help of PowerPoint. The literal protocols are limited to those 
parts of the session that are directly related to the objectives of this research project, i.e. 
the selection and use of map displays. A typical example of a verbal and action protocol 
is shown in Table 6.1. It is part of the protocol of TP10, who was not allowed to make 
use of paper maps. 
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Table 6.1 Fragment of the verbal and action protocol of the think aloud session with TP10 
 

[0:09:35] 
[Now a real map selection process starts. TP:] "I would like to look at the population distribution within 
Overijssel." Where are the people? [TP adds:] "Always start with the population." [TP indicates that RA 
should search in the category POde, and he does so. RA discusses the results: there are only data and one 
existing digital map on the density of population, in different years. TP does not react to the fact that he 
clearly asked for data on population distribution and says he wants to have a look at the existing digital 
map. RA needs some time to retrieve it.] 
 
2. AGDF6 (0:11:36) 
 
[TP:] "That gives a somewhat different picture." [RA reminds TP that he can do with this map whatever he 
likes: he may adjust it, change classes, change colours or may just use it as it is. TP decides to use it as it 
is.] "Well, you see the different cities: Zwolle, Deventer and er … Twente as a network city, or something 
like that … that's how they see … But you see it also connected … that can be er … Something which is 
made up by creating this border … This Hof van Twente …" [TP reads this name from the annotation in 
the map] "… is of course a very empty urban er … community … So, with low densities … But you see 
that there are clearly … When you look at core areas, there are three: Zwolle, Deventer and a 
conglomeration in the southeast. So, I think that is the first thing to mark on … as part of the model." [TP 
starts working on his model. He adds circles for Deventer and Zwolle and a semi-transparent oval for the 
urbanized area in Twente, with the three cities represented by smaller circles. Looking at the result, TP 
recapitulates:] "So, that's a start. Two monocentric centres and one multicentric core region." 
 
[0:17:01] 
[A new map selection process starts] "Well, that gives an impression of difference. Does it also mean that 
they develop differently? Do the different urban centres develop differently? So, let's take a look at er … 
some indicators of change. Let's start with population change." [RA starts a search on POgr and discusses 
the results: attribute data and existing digital maps. TP wants to have a look at an existing digital map:] "It 
is not the last decade. The more recent development, let's start with that. And then we have a look at more 
historical developments." [RA starts retrieving the existing AGDF map TP asked for. In the meantime, 
every now and then TP is looking at and thinking about his model.]    
 
3. AGDF9 (0:20:46) 
 
[RA explains what has been represented. TP:] "Well, you see clearly a differentiation … culmination 
towards Zwolle. But not only Zwolle. It's … relatively it's more … it's not only Zwolle, but it's the 
surrounding communities. But it's also a strong increase in the town of Zwolle, the municipality. When you 
compare that to Deventer, that's a completely different situation. There is a light increase, but it is not so 
connected to its hinterland … So, Zwolle that's … looking like it is spreading into the surrounding area … 
And the other core area, Twente … or Twentestad … that's a corridor kind of area … It's a different 
community boundary … so you must be a little bit careful about that …" [TP recognizes that the 
municipality boundaries are different from those in the population density map he saw before. And he 
rightly remarks that you have to be careful about that. This is the first TP who makes such a remark about 
possible interpretation pitfalls related to the representation.] "But you see more a static picture. Clearly 
Enschede is doing less well than the more northwestern parts of the Salland area and that is more connected 
almost to the developments towards Zwolle. So, from this change it appears that there is a movement away 
from two core areas towards Zwolle ... There is a population development … For the more rural areas it's 
… not a very clear picture. So let's give indications of growth and decline …" [TP adds a plus symbol to his 
model, by using the guidelines. The plus symbol is put a little bit above Zwolle, because the development is 
taking place in that direction. This is considered as a process. TP argues:] "Well, that growth …" [CvE: in 
the Zwolle region] "… is so overwhelming in this map. We can hardly say that there is a decline in er … 
Deventer and in Twente …"  
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The protocol is naturally segmented per map display selected (or generated) and used. 
The questions that are represented in italics have not been posed literally by the test 
persons, but have been interpreted and re-phrased by the researcher when the latter was 
pretty sure that the test person had that question in mind (but did not accurately verbalize 
it). 
 
The protocols of the retrospective second sessions contain less literal quotations (see 
Table 6.2). These are not required, as the second sessions were meant to clarify the 
cognitive processes that took place in the think aloud session. 
 

Table 6.2 Fragment of the protocol of the retrospective session with TP10 
 

Protocol analysis (Session 2 / Tape 2) 
 
RA and TP did not look at the complete first session in retrospect. They started around tape count 0:50:00 
(of Test Session 1), when Map1 was visualized. This is tape count 1:58:22 on the tape of Test Session 2. 
 
1:59:28 RA remarks that it struck him that, when dealing with map displays, TP did not look at the 

numbers / data to be represented and just accepted what came out the software. This really 
became a problem when mapping the migration deficits next to the migration surpluses. The 
sizes of the proportional point symbols representing both should be related first of all to the data 
represented and not to each other. So, the sizes of the smallest symbols should not be the same, 
but the unit values should. RA and TP have a discussion about this wrong determination of the 
symbol sizes. They go back to the original data. TP was indeed not aware of it. RA also 
mentions that TP was not looking at the legend very often. TP responds that he is mainly 
interested in the spatial differences.   

2:06:09 RA asks how TP would normally do an analysis like these regional exploratory studies. TP 
replies that the task is something he normally does as well. However, when he would start …  

 
For every test person a separate document was made with the protocols of the first and 
second session. These protocols were preceded by general remarks about the 
characteristics of the test persons, as derived from not only the questionnaire but also 
from the recordings. In addition, the documents contain general remarks about the 
execution of both test sessions, the (im)proper functioning of the hard- and software in 
the test environment, the ways in which the research assistant functioned, and the 
performance of the test person when he or she practised with PowerPoint and thinking 
aloud before the start of the first session. These remarks were used for interpreting the 
protocols, and also for improving the ways in which future tests were executed. In this 
respect, the documents also contain suggestions for additions to the database. The 
resulting document for a typical test person was about 14 pages long. 
 
The documents, as well as the recordings from which they were derived, form a very rich 
source of information for analysing the regional exploratory studies executed during 
these user tests. The protocols were used, for instance, to derive lists of the geographic 
questions asked (more or less explicitly), the geographic themes searched for, and the 
maps selected or generated in sequential order. Tables 6.3 and 6.4 show such listings for 
the expert user TP10 and one of the novice users (TP4) respectively. In the lists, the 
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geographic questions interpreted by the researcher are shown in italics. The questions 
literally posed by the test persons are shown in plain text. The geographic theme code 
(e.g. POde or ENla) is given in the list when a test person clearly selected the theme from 
the list of geographic themes provided (see Appendix 2 or Table 4.2). If that was not the 
case, the geographic theme precisely as verbalized by the test person is included in the 
listing. The identification codes of the maps selected or generated are shown in bold. 
These maps are listed again in a separate table below the sequential list. This table shows 
the type of map selected (the codes are explained in Table 4.3) and various aspects of the 
use of each map: the net map usage time (see explanation in Figure 4.3), the highest 
level of map use task executed with a particular map (see Table 4.1 for an explanation of 
the numbers of the levels), the total number of different map use tasks executed with a 
particular map, and whether or not the use of a particular map led to the construction of 
elements of the graphic model. These aspects of map use give some indication of the 
usefulness of a particular map. Most likely, a map can be considered less useful if the net 
map usage time is small, the highest map use task level and the number of map use tasks 
executed are low, and the map is not used for model construction. The lists for the 
remaining test persons are incorporated in Appendix 6. The results of the analysis of 
these lists, as well as of the verbal and action protocols, are presented in Section 6.4. 
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Table 6.3 Geographic questions posed, geographic themes selected and the maps selected or generated by 
TP10 

 
TP10 
 
Note: This test person was not allowed to make use of existing paper maps (except for the last map in the 
test session). 
 
1. Template 
2. What is Overijssel? 
3. Population distribution within Overijssel.  
4. Where are the people? 
5. POde 
6. AGDF6: Population density (number of inhabitants per km2) 
7. Does it also mean that they develop differently? Do the urban centres develop differently? 
8. Indicators of change: population change 
9. AGDF9: Absolute and relative population growth 1998 compared with 1988 
10. More general picture of growth in the Netherlands 
11. What is the spatial context of the population change in Overijssel? 
12. Migration data 
13. Can we have a look at where the people …? Where the population increase from Zwolle comes from?   
 Can we see a specific migration pattern? 
TP wanted to have data on origin/destination of migrants per municipality. These data were not available. 
TP decides to look at the available aggregated data on the migration surpluses per municipality. 
14. Map1: Absolute migration surpluses and deficits per municipality in the period 1988 to 1998 
15. What is the middle part (of Overijssel)? Is that a divide? Or is it becoming connected? Has it always   
 been connected? Is it two parts of Overijssel growing together or growing apart? 
16. Indications of what is there: landscape indicators 
17. ENla 
18. MF4: Overview nature reserves "Landschap Overijssel" 
19. URL3.16.1: The Netherlands - Landscapes 
20. ECsi 
21. What is the importance of the service sector? How does that develop? What is the relative importance   
 of commercial services? 
22. Map2: Number of jobs in commercial services as a percentage of the total number of jobs per 
 municipality in 2001 
23. What other use can there be for that (middle) area? 
24. Tourism 
25. WEre 
26. MF14: Proximity of green areas 1996 (agricultural areas, city parks and "real" nature per 
 neighbourhood) 
27. The intermediate area between the urban areas: is that homogeneous? Can you see that as related to   
 urban areas? 
28. TP goes back to a map he had a look at before: AGDF6: Population density (number of inhabitants per   
 km2) 
29. ECag 
30. AGDF39: Decrease in total number of farms, 1998 compared with 1989 
31. Employment in agriculture. The importance of agriculture in the economy. 
32. URL3.9.2: Employment typology of the Dutch municipalities, 1986 
33. ECem 
There are data on the number of jobs in agriculture, but TP does not find them suitable, as most farmers are 
self-employed. 
34. Infrastructure; the use of the infrastructure; road use or things like that 
35. URL2: Road infrastructure in Overijssel 
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36. How are Deventer and Zwolle connected with Gelderland? 
37. Population density 
There are no existing digital maps or digital attribute data on population density outside Overijssel. 
Therefore, the research assistant now allows TP to use existing paper maps on population density in the 
Netherlands as a whole. 
38. Publ9B: The Netherlands: Population distribution (number of inhabitants per km2 per district or 
 neighbourhood) 
39. Publ9A: The Netherlands: Population density (number of inhabitants per km2 per economic geographic 
 area) 
40. PL 
41. How does Overijssel think about itself? 
42. URL3.19.2: Municipalities with a special position in the urban planning policy 
This was the only existing digital map on physical planning available. There were also no digital attribute 
data. 
 
 
Maps selected and used by TP10 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Template Topo 1 2:05 20 6 No  

AGDF6 Them 7 1:12 17 7 Yes  

AGDF9 Them 5/7 2:51 15 6 Yes  

Map1 Them 1/5 3:13 18 7 Yes Map with serious 
representation mistake 

MF4 Them 1 0:26 9 3 No Not useful 

URL3.16.1 Them 3 1:47 19 5 No Map did not bring TP any 
further 

Map2 Them 7 2:41 20 7 No  

MF14 Them 7 0:35 7 3 No Not useful 

AGDF6 Them 7 0:20 9 3 No  

AGDF39 Them 
3/5/7 

1:48 15 5 No  

URL3.9.2 Them 3/7 0:40 1 1 No  

URL2 Them 2 1:19 21 8 Yes  

Publ9B Them 7 0:43 9 5 No   

Publ9A Them 7 0:40 21 5 No  

URL3.19.2 Topo 3 0:58 19 3 No  
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Table 6.4 Geographic questions posed, geographic themes selected, and the maps selected or generated by 
TP4 

 
TP4 
 
Note: This test person was allowed to make use of all digital and paper maps in the database of Overijssel, 
as well as of all the digital attribute data 
 
1. What is the nature of Overijssel? 
2. TO 
3. MF9: Overijssel new on the map 
4. Plano1: Overijssel new on the map, 2003 
5. AGDF43: Geographical map of Overijssel 
6. ECag 
7. AGDF38: Distribution of combined farms 
8. AGDF33: Agricultural businesses 
Now TP wants to see the other 3 ArcGIS data frames he saw in the map document that also contained 
AGDF33. A typical example of supply-driven map selection. 
9. AGDF36: Distribution of grazing animal farms 
10. ECtr 
11. Publ13: Traffic intensity waterways and railways 
After looking at the attribute data resulting from the search on ECtr, TP now wants to generate a map of his 
own, showing the total number of passenger cars per municipality, with the population numbers in the 
background. As he does not immediately know how to produce this combination of map types in ArcGIS, 
the research assistant proposes to produce the two maps separately. TP agrees and uses the maps in 
combination. 
12. Map1: Number of passenger cars per municipality, 2000 
13. Map2: Number of inhabitants per municipality, 2000 
14. Population 
15. POde 
16. Density and distribution of the population in the cities 
17. ECin 
At the time of this test session for this sub-category there were no attribute data, no existing digital maps 
and only one paper map available in the database of Overijssel. This has been corrected later on, but now 
there was no choice: 
18. Publ11: The Netherlands: vitality of industries 
19. Employment of the population 
20. Map3: Total number of jobs per municipality in 2001, subdivided for the main industrial sectors 
 (agriculture, manufacturing industry, commercial services, non-commercial services) 
21. ECbu 
22. Map4: Number of business establishments in trade & car reparation; retail trade; hotels, restaurants &   
 catering industries; hiring & commercial services 
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Maps selected and used by TP4 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

MF9 Topo1 0:25 1 1 No TP quickly decides he can 
better have a look at a paper 
map 

Plano1 Topo1 1:48 2 2 No TP quickly discards this 
map because he thinks it is 
not a good map (colour 
design) 

AGDF43 Topo1 2:10 4 3 Yes  

AGDF38 Them4 0:42 9 3 No TP misunderstood the topic 

AGDF33 Them10 0:32 10 4 No  

AGDF36 Them4 0:25 9 3 Yes  

Publ13 Them6 2:04 10 4 Yes  

Map1/Map2 Them5/7 0:37 18 4 No Wrong to represent absolute 
ratio data by means of a 
choropleth in Map2 

Publ11 Them7 0:57 2 2 No  
       
Map3 Them10 6:36 18 7 No  

Map4 Them10 1:45 21 3 No Rather meaningless 
proportional pie graph map  

 
 
6.3.3 The completed map use and map selection matrices 
 
But the sound and video recordings were not only turned into written verbal and action 
protocols and sequential lists. When analysing the recordings, the map use and map 
selection matrices presented in Figures 4.3 and 4.4 were completed at the same time. This 
resulted, per test person, in a sequential set of 20 to 45 matrices (average 32). The 
number of matrices is not entirely related to the number of maps selected and used. This 
is because, for instance, a new map use matrix is taken as soon as a test person repeats the 
same map use activity to deal with the same map use task with the same map display. 
This happens, for instance, when a test person repeatedly compares the map image with 
the model in search of spatial correlations. 
 
Figures 6.5 and 6.6 show a typical example of a completed combination of a map 
selection matrix and the subsequent map use matrix. It deals with the selection and use of 
the same existing map display (AGDF6) presented in the sample fragment of the verbal 
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and action protocol in Table 6.1. As already indicated in Section 4.6, the numbers show 
the order of events in these segments of the process of regional exploratory studies.  
 
Care was taken that quantitative measures, although occasionally tempting, were not used 
in analysing the qualitative results incorporated in the map selection matrices. In view of 
the test conditions, and the small number of test persons, quantitative data would be 
misleading and invalid. After all, the main purpose of this research project was to 
formulate hypotheses, not to actually test them. But with this purpose in mind, overall 
conclusions could be drawn about, for instance, whether the selection or generation of 
maps is usually preceded by a geographic question or by the selection of, or search for, a 
particular theme (Parts C and B of map selection matrix); whether users prefer to make 
use of existing maps or to generate their own maps (Part C); whether they specify aspects 
of geodata other than the geographic theme (Part B); whether the rules of the cartographic 
language are applied properly; and whether there are real signs that the users are aware of 
these rules (Parts D and E). The results of this kind of qualitative analysis of the map 
selection matrices are presented in Section 6.4.  
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Figure 6.5 Example of a completed map selection matrix, Parts A & B 
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Figure 6.5 Example of a completed map selection matrix, Part C 
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Figure 6.5 Example of a completed map selection matrix, Parts D & E 
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Figure 6.6 Example of a completed map use matrix 
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The completed map use matrices, being real matrices, could be analysed in a somewhat 
different way. One of the interesting aspects is that the map use tasks have been presented 
in a hierarchic order from left to right along the horizontal axis of the map use matrix (as 
discussed in Section 4.2). There is also some hierarchy along the vertical axis, but less, 
and there the various map use activities are presented in clearly distinguishable groups. 
An attempt has been made to find out whether returning patterns can be discovered in the 
order in which certain combinations of map use tasks and map use activities occur for 
different kinds of users (e.g. novice versus expert users). In this analysis, the succession 
of different map displays selected and used was considered as well. So far, however, no 
regularities have been discovered, except for the fact that every map use process normally 
starts in the top left-hand corner of the matrix (in one of the reading map use activities) 
and in the first column (map use task: to recognize), immediately followed by one of the 
other elementary map use tasks (in the second, third or fourth column). What happens 
next and in what order very much depend on the nature of the map selected or generated. 
Some map displays may be discarded rather quickly after the initial map use activities in 
the top left-hand corner because they do not seem to be useful at all to the test person, or 
they just confirm a spatial pattern or something else that the test person has already 
discovered before. Investigating the order of activities in the map use process in regional 
exploratory studies appears to be a major research project in itself. And in such a research 
project, modern techniques of information visualization (see e.g. Spence, 2000 and Ware, 
2000) may play a useful role.    
 
What could be done here, however, was to investigate − per test session and thus per test 
person − to what extent certain combinations of map use tasks and map use activities did 
or did not occur in the overall process of regional exploratory studies with the help of 
maps. To this end, for every grid cell in the matrix all occurrences in all map use matrices 
in a test session of a certain test person were totalled and the results were visualized. 
Figure 6.7 shows the outcome of this for TP10 (an expert user), and it is interesting to 
compare his pattern with that of TP4 (a novice user) (see Figure 6.8). Comparable 
outcomes for the other test persons are incorporated in Appendix 7. 
 
These overall results per test person may also be totalled for all test persons together (see 
Figure 6.9). The analysis of Figure 6.9 may reveal which map use activities, map use 
tasks and combinations thereof occur more or less frequently than others − or not all! The 
results of this analysis are also presented in the next section.  
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Figure 6.7 Frequency of occurrences of combinations of map use tasks and map use activities for TP10 
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Figure 6.8 Frequency of occurrences of combinations of map use tasks and map use activities for TP4 
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Figure 6.9 Frequency of occurrences of combinations of map use tasks and map use activities summed up 

for all test persons 
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6.4 Results of the analysis 
 
In this section, the results of the analysis of the research outcomes, as discussed in the 
previous section, will be presented. These include the results of the analysis of the verbal 
and action protocols and the listings derived (as discussed in Section 6.3.2) and of the 
completed map use and map selection matrices (as discussed in Section 6.3.3). In doing 
so, of course, a link is made to the research questions posed in Chapter 1 and the 
hypotheses presented in Chapter 4. For the sake of clarity, the results are presented under 
the headings (1) geographic questions, (2) geographic themes and other aspects of 
geodata, (3) selection of maps, (4) process of regional exploratory studies with the help of 
maps, (5) map types, (6) general aspects of map use, (7) map use tasks and activities, (8) 
cartographic awareness and (9) ArcGIS as a tool for exploratory cartography. The last 
does not emerge from the research questions posed (an evaluation of the ArcGIS software 
tool was not intended), but some remarks should be made in this respect as well. 
 
 
6.4.1 Geographic questions 
 
It was striking to note how few geographic questions were explicitly posed during the 
regional exploratory studies in the test sessions, even though the test persons were told in 
the introduction to the test (see Appendix 2) that such geographic questions were among 
the objects of research, and even though the research assistant tried to trigger these 
questions during the tests. There were less questions than maps selected and, most of the 
time, the test persons did not formulate a specific geographic question before looking for 
a map that might answer that question. Analysis of the completed map selection matrices  
indicates that, preferably, geographers start by just mentioning or selecting a geographic 
theme, then look for the available maps and data on that theme, and then decide which 
map to select or generate.   
 
There is no sign that the dearth of geographic questions was due partly to verbalization 
problems in thinking aloud. Test persons did formulate questions − albeit not always 
grammatically correct, occasionally somewhat disjointed, and sometimes more implicit 
than explicit. When the questioning was implicit, the researcher's linguistically correct 
interpretation (based, for instance, on later events, or on confirmation in the retrospective 
session) was added to the protocols in italics, as can also be seen in the listings in Tables 
6.3 and 6.4. 
  
In fact, the contents of these two tables may give rise to the supposition that there is a 
difference between experts and novices. The novice geographer TP4 posed hardly any 
geographic questions and just mentioned geographic themes to look at. On the other 
hand, the expert regional geographer TP10 asked more geographic questions. But, an 
analysis of the protocols of the other test persons (see Appendix 6) reveals that the novice 
TP6 did ask quite a number of questions indeed. What can be concluded, after analysing 
the nature of the questions posed, is that more experienced regional geographers ask 
higher-level geographic questions. For instance, they ask questions about influences from 
outside the region, spatial processes, and regional integration or subdivision. Questions of 
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a higher level also make higher demands on both the database and the mapping methods. 
In order to learn more about the spatial context, for instance, maps and data from outside 
the region are required, as well as the facility to zoom in and zoom out. TP10, for 
instance, wanted to know where the migrants in each municipality in Overijssel were 
coming from or going to, and this could, in principle, lead to a database covering the 
whole world.  
 
But, as previously said, all in all the number of geographic questions posed during the 
test sessions was remarkably low. This, combined with the fact that many verbalized 
questions were disjointed and grammatically incorrect, renders the expectation (expressed 
at the end of Chapter 3) of an expert system for exploratory cartography controlled by 
human speech rather unrealistic for time being. The regional geographic and cartographic 
expertise in such a system may be better reflected by a series of well-prepared and ready-
made regional geographic questions for the users to choose from. Such questions would 
be directly related to appropriate ways of cartographic representation, but would, of 
course, incorporate the flexibility to adjust these ways. 
 
 
6.4.2 Geographic themes and other aspects of geodata 
 
Before retrieving or generating a map display, the test persons specified hardly any of 
those aspects of geographic data listed in Part B of the map selection matrix (see Figure 
4.4): date/year, aggregation level, geographic extent or map scale. This was almost as 
striking as the lack of geographic questions. Only occasionally did they search for and 
select from the list of search results something specific in this respect. Usually, they just 
retrieved the maps or data after considering the indication of the subject, as reflected in 
the title. There seems to be little notion of the map scale concept and it could even be said 
that the test persons often seemed to be ignorant of the year to which the maps or data 
pertained. And this is remarkable, considering the maps were compared with each other 
and with the graphic model.  
 
As far as geographic themes are concerned, it seems that novice users tend to rely more 
on the list of geographic themes provided, whereas expert users more often specify a 
theme before consulting this list to see in which category this theme falls. This is 
confirmed by the examples provided in Tables 6.3 and 6.4. An analysis of these lists and 
those incorporated in Appendix 6 also reveals that some themes were considered more 
often than others. While there was little or no interest in housing, physical planning, 
history, provisions and politics, almost every test person wanted to know something 
about topography, if only through the template, population and aspects of the economy. 
These topics were often addressed in this order. The fact that most of the test persons had 
a degree in human geography may explain the rather limited attention to aspects of 
physical geography and the environment. 
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6.4.3 Selection of maps 
 
The selection of maps in regional exploratory studies is very much supply-driven. At 
least, that is the conclusion reached by analysing the outcomes of this research project. 
This supply-driven nature of the map selection expressed itself in various ways: 
 
• The test persons clearly preferred to make use of already existing map displays instead 

of generating their own on the basis of the available attribute data, even though these 
data were readily available and prepared for visualization in the ArcGIS environment. 
The fact that TP4 generated four new maps of his own (see Table 6.4) was 
exceptional. Normally, the number was much lower and the research assistant 
repeatedly had to stress the possibility of making new maps from the available data. 

• The test persons preferred to make use of maps "close by" instead of looking in the 
database for a map, perhaps farther away, that could better answer the question 
possibly in mind. For instance, a number of test persons made use of the readily 
available template (on their monitor screen) to construct their graphic model (see 
Figure 5.7), instead of retrieving a much more legible and informative geographic map 
(with names and a legend) from the database. Other test persons consulted paper or 
digital maps positioned next to the map they originally selected (e.g. another data 
frame in an ArcGIS map document, a neighbouring map in a paper atlas, or another 
map in the pile of plano maps). As indicated in Section 6.2, after the first test session 
the pile of paper maps lying immediately next to the test person had to be moved away 
as well. By then it was already clear that other persons would also start browsing 
through these maps instead of searching the database. 

• As indicated in Section 6.4.2, when searches were executed on the metadatabase, the 
metadata in the resulting tables were usually not carefully studied, except for the title. 
It seemed that users preferred to first have a look at the map itself to see whether it 
was useful or not. It became obvious that a metadatabase with the facility to pre-view 
images of the map displays beforehand (such as the thumbnails provided by 
ArcCatalog, for instance) would be appreciated by the test persons very much.   

• When a certain map display had been selected on the basis of a geographic question 
posed, often that map display was also used, immediately, or at a later stage, to tackle 
new questions or draw new conclusions based also on that map. 

• When a search was performed on the metadatabase, the search results were presented 
as three tables, with paper maps, attribute data and existing digital maps respectively 
(see Figure 5.15), and in this order, with the table of the paper maps on top. The test 
persons were almost always inclined to select a map from this first table, without 
looking at the other search results. It was always up to the research assistant first to 
give a complete overview of what was available in all three categories before the test 
person was asked what he or she wanted to do or look at (see Appendix 5).   

 
Nevertheless, another conclusion emerges from this research project. Five of the first 
seven test persons clearly preferred to use paper maps (as indicated in the questionnaire 
(see Appendix 4), or appearing from the execution of this task. The obvious preference 
for paper maps even led to the decision not to allow the last three test persons (TP8, TP9 
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and TP10) to use paper maps at all. This was because it was feared that insufficient 
information would be collected about the selection and use of existing digital maps, and 
that no new maps would be generated with the help of ArcGIS. When asked, the last 
three test persons confirmed that they would have used paper maps as well. TP9 indicated 
that, for reference and overview purposes, it would have been good to have a paper 
geographic map of Overijssel constantly available on his desk while he was using and 
generating digital thematic maps on the computer. TP1, who was still allowed to use 
paper maps, actually did it, and other test persons also expressed this desire to have a 
reference map. This is a confirmation of the conclusions of van der Vaart & van der 
Schee (2002) about the relevance of geographic reference maps in regional studies in 
geography education. In addition, this research leads to the hypothesis that users even 
prefer paper reference maps. 
 
In the case of reference maps, the reason for using a paper map, along with digital ones, 
is obvious. But there was also a preference for paper thematic maps instead of digital 
ones. The characteristics of the test persons, as reflected in Table 5.3 and Appendix 4, do 
not seem to provide an clear explanation for this, except for, perhaps, the little use most 
of them make of GIS. But their familiarity with the drawing functions of PowerPoint 
demonstrated that they are not computer illiterates. Furthermore, seven of the test persons 
were below 25 years of age. So, there must be other reasons for the preference for paper 
maps. Some arguments have already been mentioned in Section 2.1. But in the context of 
exploratory cartography in general, and regional exploratory studies in particular, the 
time factor, i.e. direct availability, seems to be another argument in favour of paper maps. 
Most likely, this argument also accounts for the supply-driven nature of map selection in 
regional exploratory studies. Users want to have a look at maps as quickly as possible. 
They look for maps that are close by; they do not take the trouble to carefully formulate 
geographic questions and then do a thorough analysis of the search results; and they are 
certainly not inclined to make their own maps, particularly if the cartographic 
visualization tool at hand cannot provide the wanted maps rapidly. This last point became 
very clear during the test sessions. In many instances, generating new maps with ArcGIS 
obviously took too much time for most test persons. The video recordings show that the 
test persons got bored when the research assistant was operating ArcGIS and often they 
started to do other things. For instance, the generation of Map1 for TP10 took about 26 
minutes and the test person did not appreciate this. In this respect, the user friendliness of 
the cartographic visualization tool also plays an important role (see Section 6.4.9). When 
dealing with unfamiliar geographic themes, novice users in particular tend to rely on 
existing maps prepared for them by others, instead of generating their own maps. Taken 
together, all these factors could explain why the results of the questionnaire showed that, 
in general, the test persons used maps often (weekly on average) but hardly ever 
produced maps themselves (see Appendix 4).  
 
 
6.4.4 Process of regional exploratory studies with the help of maps 
 
From the above, and from the information gathered from the verbal and action protocols, 
and particularly from the discussions in the retrospective sessions, the conclusion can be 
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derived that in regional exploratory studies most users would prefer to browse through a 
set of existing maps without having to formulate questions or objectives first and without 
generating their own maps. Some test persons (e.g. TP4, TP7 and TP2) explicitly 
demonstrated a desire to make use of an atlas, preferably an atlas with which they were 
already familiar (e.g. the Bosatlas (Wolters-Noordhoff, 2001), the atlas most commonly 
used in Dutch schools). Indeed, Monmonier (1993, p. 645) already stated that: "… 
effective cartographic analysis in an interactive computing environment requires both 
navigational and narrative phases …" More than experts, novices appear to have this 
desire to first browse through a collection of existing maps in order to get ideas about 
solving the task in hand. And more than novices, experts seem to browse through existing 
maps in order to formulate hypotheses that can be tested at a later stage of their regional 
studies. 
 
As may be expected, there are differences in the ways experts and novices go about the 
process of regional exploratory studies. Experts did not only ask more, and higher-level, 
geographic questions, they also tended to start formulating geographic hypotheses rather 
early on in the process, and used the maps they saw to confirm (rather than reject) these 
hypotheses. As indicated in Section 6.4.1, these higher-level geographic questions also 
place higher demands on both database and visualization tools, and this is another reason 
why existing maps are used more often, instead of new maps being generated.   
 
At the same time, however, the test results show that supply-driven factors play a very 
important role in the process of regional exploratory studies. The process may take 
completely different courses, depending on the characteristics of the existing map display 
retrieved. Even though, many times, users do not have clear expectations, the contents of 
these map displays often come as a surprise, and regional geographers may explore these 
"surprises" to formulate new hypotheses instead of doing what they originally had in 
mind (if they did have something in mind). For instance, when TP1 was looking for a 
map to find the exact location of historical trade routes, he came across a map showing 
the subdivision of Overijssel in three main regions and continued with that. With TP3 it 
happened twice that a map originally selected was not used at all, but other maps that 
were positioned next to that map. 
 
Most test persons did not seem to work according to a fixed and systematic plan devised 
before the start of their regional exploratory studies. TP2 and TP5 were the exception: 
they had written a plan beforehand of the geographic topics they wanted to address and 
they regularly referred to this plan while executing their task. With the other test persons, 
there were signs that the process of their regional exploratory studies could be influenced 
by the nature and contents of the map displays they looked at successively. Therefore, it 
may also be hypothesized that the order in which existing maps or data are stored in the 
database and / or are presented as search results influence the further progress and 
outcome of regional exploratory studies. At the same time, the accessibility and user 
friendliness of the database can influence the course of events in regional exploratory 
studies. If a user cannot rapidly find the map or data required, he or she is immediately 
willing to change the original plans. Either any poor alternative is accepted, or there is a 
shift to a completely different question or topic. And, particularly when map selection is 
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not demand-driven, the way in which the chosen theme has been represented (i.e. which 
map type has been applied) and whether the cartographic representation is "correct" or 
not are also relevant for the course of events in the regional exploration. These aspects 
will be dealt with in more detail in the next two sections. 
 
Finally, when use is made of new maps generated from attribute data in the database with 
the help of a cartographic visualization tool, the course of events in the process of 
regional exploratory studies may also be influenced by the characteristics of this tool. If 
the tool is "slow", and awkward to work with, users may decide not to use it anymore, 
and completely rely on the stock of available maps, even if these maps may not provide 
all the information they require. In the test sessions of this research project, the course of 
events may also have been influenced by the fact that the test persons had some time (and 
actually took this time, as demonstrated by the video recordings) to think about what they 
were doing while the research assistant was generating new map displays with ArcGIS. 
This would normally not be the case if the test persons themselves were on their own and 
in charge of the visualization tool.  
 
 
6.4.5 Map types 
 
On the basis of the lists provided in Tables 6.3 and 6.4 and Appendix 6, an analysis could 
be made of the maps used by the test persons. It appears that some maps (e.g. URL 2, 
showing the road infrastructure in Overijssel, and Plano1, a geographic reference map) 
were used most (five times each). However, conclusions cannot be drawn in this respect, 
owing to the accidental factors involved in the supply-driven process of map selection (as 
described above), and the fact that the selection of a certain map also depends on the 
availability of alternatives in the database. 
 
Similar interpretation difficulties exist when looking at the type of maps used (cf. Table 
4.3). Most of the time, map selection was not preceded by a basic geographic question 
that should lead to the search for a particular map type. And when it was, the supply of 
maps in the database could lead to the selection of another map type, without the test 
person realizing what map type he or she had selected. Nevertheless, it is interesting to 
note that, next to topographic/geographic maps (Topo1), traditionally the most common 
thematic map type, the choropleth map (Them7) was used most often. Choropleth maps 
and proportional point symbol maps (Them5) were also the map types used most often 
(though not always "correctly", see Section 6.4.8) when the test persons generated their 
own maps.   
 
 
6.4.6 General aspects of map use 
 
Without considering the effectiveness of the individual map displays, some interesting 
conclusions can be drawn from the analysis of the video recordings and the verbal and 
action protocols, and the listings derived, with respect to general aspects of map use:  
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• Map use is a very quick process in regional exploratory studies. Users want not only to 
retrieve maps quickly, but also to look at them for a relatively short time. This is 
reflected by the net map usage times included in Tables 6.3 and 6.4 (also see 
Appendix 6).  

• Because map use is such a quick process in regional exploratory studies, users do not 
make much effort in inwardly defining what is actually represented. They expect what 
is given to be true and correct.  

• When making comparisons between maps, users are careless about the years to which 
the data pertain. And users do not notice mistakes in the map. As a consequence, they 
may make serious mistakes when interpreting the maps, draw completely wrong 
conclusions, and formulate wrong hypotheses. This happened not only with novice 
users, and not only with existing maps. 

 
An example was provided by the expert user TP9. When he interpreted his newly 
generated Map2 on the percentage of jobs in industry, he did not notice a mistake in 
the data. There was a typing error in the attribute table. The figure for the total number 
of jobs in Enschede is 6610. This should be 66100. As a consequence, normalization 
resulted in a figure of 2.177 (=217.7%) for Enschede (instead of 21.77%). Of course, a 
figure greater than 1 is impossible. However, TP did not notice this at all in the legend. 
On the other hand, his eye was immediately attracted to the dark tint in the 
municipality of Enschede (representing the highest class instead of the class lowest but 
one). And the test person built a whole theory on the relationship between a high 
percentage of jobs in industry and urbanization. 
 
Another example was provided by expert user TP10. When he visualized migration 
surpluses and migration deficits per municipality, he decided to use differently 
coloured proportional symbols for surplus and deficit respectively. This is correct. 
However, he also took the decision to make the smallest symbols the same size for 
both categories. He took that decision without looking at the data, which showed that 
the smallest value for the surpluses is 1 and for the deficits is 13. As a consequence, a 
misleading image was created in which all the symbols representing deficits were 13 
times too small, without the test person even noticing it. At the same time, he 
formulated new hypotheses on the basis of the interpretation of this map image. In 
view of all this, it would be better if the cartographic visualization tool prevented such 
mistakes.  

 
• Part of the solution would be to always include clear legends and titles with newly 

generated maps and, of course, with already existing maps as well. However, the 
results of this research project clearly indicate that titles, and certainly legends, are not 
diligently studied (to put it mildly). At the same time, there are clear signs that the 
legends of paper maps are studied more carefully than the legends of digital maps. 

 
All this means that, whereas on the one hand the process of map selection in regional 
exploratory studies is very much supply-driven, on the other hand the users are not very 
critical about what is presented to them. The same holds true for the defaults offered by 
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the cartographic visualization tool applied for generating new maps. The test results show 
that users normally tend to accept the defaults for colour schemes and ways of data 
classification, for example. Left to their own devices, they would not easily make 
adjustments. For example, most of the time the test persons just accepted the default 
classification method of ArcMap (the "Natural Breaks" method of Jenks, with five 
classes). This method does not always fit the data, nor does it fit all purposes. Only TP10 
demonstrated that he was aware of the nature of this classification method. Other test 
persons did not show this awareness, and at least once it was demonstrated that users 
expect this classification system to lead to equal intervals, which is not the case. 
 
 
6.4.7 Map use tasks and activities 
 
The analysis of the completed map use matrices (Figures 6.7 and 6.8 and Appendix 7), as 
well as the totalled one (Figure 6.9), reveals that there are clearly different "map use 
patterns" for experts and novices. As far as the level of map use tasks is concerned, 
novice users stay towards the lower end, i.e. the left-hand side of the map use matrix. 
They stick more to the elementary map use tasks (see Table 4.1). Expert users execute 
more higher-level (intermediate, temporal and overall) map use tasks (i.e. the right-hand 
side of the matrix) and, contrary to what may be expected, they also do that in the early 
stages of regional exploratory studies (i.e. when they are formulating hypotheses).  
 
When analysing the summation of combinations of map use tasks and map use activities 
(see Figure 6.9), it is interesting to note which map use tasks, map use activities, or 
combinations thereof, are executed more, or in particular less, often. As all map use starts 
with the elementary map use tasks "to recognize" (in the mind) and "to identify" and / or 
"to quantify / estimate" (in the graphic image), and with the map reading activities "to 
look at the title / legend" and "to view the map image", it is not surprising that these tasks 
and activities are executed most, and by all test persons. It is more striking that certain 
tasks and activities were not executed at all, or only to a very limited extent. The map use 
tasks not executed at all were "to define distance" and "to establish trends". The map use 
activities not executed were "to measure on the map", "to count symbols", "to highlight 
objects", "to change the aggregation level", "to change the map orientation", "to change 
the snapshot in time" and "to apply a new mapping method". It was indeed striking how 
little the test persons were inclined to adjust existing map displays. Leaving, of course, 
the paper maps and static digital maps aside, the test persons notably hesitated to interact 
with existing digital maps where that was possible (for instance with the ArcGIS data 
frames). In all user tests, it happened only four times that maps were adjusted (two times 
by TP9 and one time by TP5 and TP8). This again reflects the fact that in regional 
exploratory studies users seem to be happy with what is supplied to them. 
 
What is also striking is that "temporal" map use tasks were only executed a couple of 
times. Only the expert users seemed to be interested in these tasks and related geographic 
questions. The statement made in Section 4.2 that (sub-)regionalization seems to be a 
major goal in geographic data exploration is supported by the fact that most test persons 
(not the novice TP4) traced boundaries in their graphic models. But in most models, these 
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boundaries are the arbitrary delimitation of a single geographic feature only. It are the 
experts TP10 and TP9 who based their subregionalization on a more synthetic approach.   
 
 
6.4.8 Cartographic awareness 
 
Most of the existing maps used were properly designed according to the rules of 
cartographic grammar. And when the test persons were generating maps themselves, they 
often took the "right" decisions when they had to choose the method of representation or 
apply visual variables. But these decisions seemed to be based more often on what they 
considered to be a convention than on their knowledge of the rules of the grammar of 
cartography. As could be expected from the results of the questionnaire (see Appendix 4), 
in general, the test persons did not demonstrate significant awareness of the rules of the 
grammar of cartography. Nor did they seem to care about this much. As a consequence, 
they did not notice when information was represented in an improper way − and this 
sometimes led to certain interpretation errors, which they did not notice as well. 
 
And when they were generating their own maps, the test persons also made serious 
design mistakes, such as the representation of absolute ratio data by means of a 
choropleth. Owing to the unwanted influence of the different surface areas of the 
mapping units, this could lead to interpretation mistakes. And, except for this common 
choropleth map and the equally common proportional point symbol map, the test persons 
showed hardly any awareness of other mapping methods. Consequently, they were not 
able to relate these mapping methods to any basic geographic questions they might have 
had. An example was provided by TP8 who had a clear geographic question which could 
best be answered by a pie graph map. However, he did not think of this map type and 
tried to solve his problem in other ways. As such, this is a plea for cartographic courses 
for geographers or, alternatively, for incorporating cartographic knowledge in 
visualization tools. 
 
It seems that for regional exploratory studies, cartographic expertise should be 
incorporated either into the ready-made map displays supplied, or, more explicitly than is 
currently the case, into the cartographic visualization tool (ArcGIS, for instance) applied.  
 
 
6.4.9 ArcGIS as a tool for exploratory cartography 
 
The conclusion reached about ArcGIS as a tool for regional exploratory studies is clear 
indeed: whereas the functionality offered by ArcCatalog may prove to be useful for this 
application, ArcGIS as a whole, and ArcMap in particular, is not suitable. Some of the 
reasons for this are: 
• It is not sufficiently user-friendly. Operating ArcGIS would draw attention away from 

the real objective of regional exploratory studies. 
• In regional exploratory studies, it takes too much time to generate a new map, or to 

retrieve and possibly adjust an existing one. 
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• It also takes too much time to build a new geodatabase just for the purpose of 
geographic exploration. 

• It does not provide sufficient cartographic support or sufficient different mapping 
methods to deal with a variety of basic geographic questions. For instance, the 
possibility for generating animations is missing, as well as the possibility to visualize 
trends by means of isopleth maps. 

 
From the test sessions, and particularly from the questionnaires and the discussions in the 
retrospective sessions, it became clear that regional geographers are neither very familiar 
with, nor inclined to use, exploratory cartography tools such as ArcGIS. Currently, they 
still see maps as static means of presentation, and they are more familiar with exploring 
with the help of statistical software. 
 
 
6.5 Conclusion 
 
The outcomes of this research project − completed questionnaires, the graphic models 
produced, sound and video recordings of the two test sessions, verbal and action 
protocols, lists and tables of the geographic questions posed, the geographic themes 
selected and the maps selected and used and, finally, the completed map use and map 
selection matrices − form a rich source of information on the use of maps in regional 
exploratory studies. Every time these outcomes are studied, new information is gained. 
Therefore, these materials can be used for various subsequent research projects, where 
more attention may be given to aspects beyond the scope of this study, such as 
geographic questioning itself and the order in which map use tasks are executed. 
 
As regards this research undertaking, many interesting conclusions can be drawn. First of 
all, the use of maps in regional exploratory studies seems to be very much of a supply-
driven nature. At the same time, it is a very quick process, i.e. each map is only consulted 
very briefly and users do not want to spend much time on retrieving or generating a map. 
They also take the map and data for granted and, for instance, do not carefully consult the 
legend. Furthermore, the test persons do not ask many geographic questions beforehand 
and if they do, they are not very aware of which map types provide the best answers to 
such questions. At the same time, they easily fall into the trap of an incorrect application 
of the rules of the grammar of cartography. In using maps in regional exploratory studies, 
there are clear differences between experts and novices. Experts use maps to confirm or 
reject hypotheses and they execute high level map use tasks with them. Novices use maps 
to come to grips with the task in hand and mostly stick to the elementary map use tasks. 
Both experts and novices prefer to make use of existing maps, paper maps in particular, 
and they are not inclined to generate their own map, or to adjust an existing one.  
  
In view of the nature of this research project, these results are not scientifically valid as 
such. They will have to be turned into hypotheses to be tested in further research.That 
will be done in the next chapter, which will also contain some other recommendations for 
further research and for actions to be taken immediately.  
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7    CONCLUSION  
 
 
7.1  Exploratory cartography revisited 
 
This research project has limited itself to investigating the selection and use of map 
displays in the field of exploratory cartography for geographic problem-solving: a 
cognitive process in which maps are used as tools for discovery in order to solve the 
problem of gaining insight into unknown geographic data. As such, exploratory 
cartography, as a particular goal of map use, was placed in the "private, revealing 
unknowns, and high interaction" corner of the so-called map use cube (see Figure 1.4). In 
this corner, individuals generate maps for their own specific needs and heavily interact 
with these maps in order to reveal aspects of the geographic data that are unknown to 
them.  
 
From Chapter 2 it became clear that a good deal of map use research has already been 
executed over the past decades. However, this research has often been limited to the 
functioning of an individual map display on its own. What has been lacking is 
exploratory map use research in which not only the functioning of a given, maybe 
interactive, map or cartographic visualization tool is investigated, but also the process of 
finding, selecting, retrieving, adjusting or generating map displays in an exploratory 
cartography environment, i.e. the processes that precede the actual use of a map display 
or cartographic visualization tool.  
 
This research project may be considered as one of the first attempts to obtain more 
information about these "pre-map use" stages in exploratory cartography. In doing so, a 
case study was defined with a concrete objective and a concrete group of users involved 
− users, who could, in principle, make use of a great variety of map types in visualizing a 
broad spectrum of geographic data. This case study fell under the heading of regional 
exploratory studies, one of the first stages in geographic research in which geographers 
(here selected as the test persons) try to gain insight into the geography of a region 
unknown to them. The region selected for the case study was the province of Overijssel 
in the Netherlands. 
 
Chapter 3 contains a description of the research methodology selected to investigate the 
cognitive process of exploratory cartography. Because as yet there are no solid scientific 
theories on the use of maps in the exploration of geographic data, it was decided to make 
use of a combination of qualitative research techniques centred round the so-called think 
aloud method. This is a method that has not been used very often in the field of 
cartography. The 10 test persons selected were asked to think aloud when selecting or 
generating, and then using, maps to solve the task they were asked to execute: 
constructing a schematic graphic model of the province of Overijssel. The thinking aloud 
was recorded on videotape, together with the images of the test persons interacting with 
the maps, the changes on the PC monitor screen on which new maps were generated from 
the data in the database (or existing maps adjusted), as well as the changes on another PC 
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monitor screen on which the test persons constructed their graphic models. These video 
recordings were analysed and turned into verbal and action protocols. Parts of the video 
recordings were also discussed with the test persons in retrospect, in order to retrieve 
information about the cognitive processes not completely revealed by the thinking aloud. 
A questionnaire was used to obtain information about the characteristics of the test 
persons and to make a distinction between novices and experts as far as executing the 
task (regional exploratory studies) was concerned. 
 
The verbal and action protocols resulting from the think aloud sessions were analysed on 
the basis of a hypothetic problem-solving model derived from a careful analysis of the 
task in hand (regional exploratory studies) and from cartographic and (regional) 
geographic theory. The model of geographic problem-solving and its building stones are 
presented in Chapter 4. One of the starting-points is a clear distinction between the 
overall objective of the geospatial data exploration, the various map use tasks executed to 
meet that overall objective, and the map use activities undertaken during the execution of 
these tasks. In Table 4.1, the map use tasks are related to a hypothetic set of geographic 
questions with an increasing level of complexity. Table 4.4 shows a hypothetic set of map 
use activities in the various stages of map use for regional exploration. Other aspects of 
the required modelling are the categorization of geographic themes (Table 4.2) and map 
types in relation to the basic geographic questions to which these map types are supposed 
to provide an answer (Table 4.3). The modelling of the process of geographic problem-
solving culminated in the combination of these building stones in a map use matrix 
(Figure 4.3) and a map selection matrix (Figure 4.4). The combination of a map selection 
matrix and a map use matrix could be considered as a reflection of only one segment of 
the model of geographic problem-solving to be tested. In such a segment one map is 
selected or generated and then used, whereas in the process of regional exploratory 
studies a number of maps will be used. However, owing to the complete lack of scientific 
theories with respect to the use of maps in exploratory cartography, in this research 
project the model of geographic problem-solving was not extended with hypotheses 
regarding the order in which different map displays are selected or generated. Finally, the 
map selection and map use matrices should not only be seen as parts of the model of 
geographic problem-solving: they were also used as coding tools in the analysis of the 
recordings of the think aloud sessions. 
 
Chapter 5 provides information on the nature of the map use tests as well as on the 
overall conditions in which these tests were executed. In the tests, use was made of a 
database of the province of Overijssel, containing digital geographic data prepared for 
visualization within the ArcGIS environment, as well as existing paper and digital maps. 
To make these items quickly and easily accessible, a metadatabase was also created. For 
recording the thinking aloud, the construction of the graphic models on one PC, and the 
interaction with the paper maps and the digital maps on screen, as well as with the 
metadatabase, on another PC, a unique combination of hard- and software was brought 
together in the experiment room. The main problem to be solved in fitting up this room 
was the synchronization of all these different inputs. This synchronization was obtained 
by combining a digital quad unit with a professional video recorder. Chapter 5 also 
contains the rationale for the selection of ArcGIS as a tool for cartographic visualization, 



133 

a description of the characteristics of the test persons, and an explanation of the need to 
involve a research assistant. 
 
Finally, Chapter 6 deals with the results of the user tests taken. First, it is described what 
went right and what went wrong during the tests and what adjustments had to be made to 
the overall test conditions and to the ways in which the tests were executed. Then, the 
concrete outcomes of the user tests are presented: the graphic models produced, the 
completed map use and map selection matrices, and the verbal and action protocols plus 
shorthand overviews of the geographic questions posed, geographic themes selected, and 
the maps selected or generated. In the last section some of the results of the analysis of 
these outcomes are presented. The designation "some" has been deliberately used here. 
After all, the recordings contain so much information that many more hypotheses may be 
derived from them − also hypotheses that are beyond the scope of the objectives of this 
particular research project. 
 
The main results are summarized here by successively addressing the research questions 
posed in Section 1.3. 
 
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? 
There are not many signs that users deal with this exploration problem in a systematic 
and uniform manner. They prefer to browse through the dataset, and the process of 
regional exploratory studies is very much supply-driven and unpredictable.  
 
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? 
Users do not often ask geographic questions beforehand: usually, they select a particular 
geographic theme and then browse the available existing maps and data to pick out 
something that could be of interest to them. Experts use the resulting maps to formulate 
hypotheses to be tested by means of other map displays; novices just seem to assimilate 
the map contents. 
   
What geographic questions are formulated by the users when they are exploring a 
geographic dataset? 
Not many geographic questions are formulated before the retrieval of a particular map. If 
a question is formulated, it is not always grammatically correct, but disjointed. Some 
questions are implicit. Expert users ask higher-level questions than novices.  
 
What do users 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? 
Regional exploratory studies with the help of maps are very much of a supply-driven 
nature. The maps should be available quickly. Users prefer to make use of existing map 
displays, instead of generating their own. 



134 

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? 
Although some users say beforehand (questionnaire) that they do not mind whether a 
map is digital or on paper, in the regional exploratory studies executed in the tests there is 
a clear preference for maps on paper. 
  
What are the arguments on which a decision is based to consult either a paper map or an 
existing digital map? 
The arguments are not often clearly voiced, but it appeared that the test persons think that 
paper maps are more readily available. They were lying there and did not need to be 
retrieved with the help of the research assistant. Besides, most test persons were more 
familiar with paper maps. 
 
Which map type is selected to answer a particular geographic question? On which 
arguments is the selection based? Do users know which map type provides the best 
answer to their specific geographic question? 
There are hardly any searches for particular map types on the basis of the formulation of 
basic geographic questions. When maps are selected from a list of search results, map 
type is not used as a selection criterion. Test persons did not give many indications that 
they are aware of which map type provides an answer to a particular geographic question. 
However, at times they made the correct decisions when generating their own maps.   
 
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? 
Sometimes they do, sometimes they do not. Correct choices are not based on a good 
knowledge of the rules of the grammar of cartography, but seem to be based on 
conventions. The tool's defaults are accepted easily. 
 
Are users aware of the correct or incorrect application of these rules in existing map 
displays? 
Most of the existing map displays were designed correctly. But in these cases, and in 
cases of wrong map designs, the test persons did not really demonstrate cartographic 
awareness. 
 
What are the effects of an incorrect application of the rules of cartographic symbol 
design in map displays that are generated for the exploration of geographic data? 
This did not happen very often. However, when it happened, it negatively affected the 
interpretation of these map displays and, thus, the conclusions drawn. 
  
In what ways are users applying their visualization tools? Will they use them to try to 
generate the map displays they have in mind, or will they first try to see which defaults 
are offered to them by the visualization tool at hand? 
In this test, the test persons were forced by the research assistant (who was operating the 
visualization tool) to first indicate in which way they wanted to represent the attribute 
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data. Most test persons only had a very limited knowledge of the various possible ways of 
representation. Most likely, therefore, they would make use of the defaults if they were to 
operate the visualization tool themselves. In other respects (colour schemes, method of 
classification, number of classes), test persons almost always accepted the defaults 
provided by the visualization tool. Similarly, test persons were not inclined to adjust 
already existing digital map displays. 
 
How do users read, analyse and interpret map displays in view of their particular 
objective? Which map use tasks do they execute? 
Map use in regional exploratory studies is a very quick process. Net map usage times are 
usually very short. As a consequence, users are also careless in map use. They do not 
consult legends, they do not notice serious mistakes, and they compare maps of different 
periods. Consequently, they sometimes make serious interpretation mistakes. Expert 
users execute more higher-level map use tasks than novices do. "Temporal" map use 
tasks were only executed a couple of times.   
 
What map use activities are they carrying out when executing their map use tasks? 
As could be expected, the elementary reading map use activities ("looking at 
title / legend", "viewing the map image" and "clicking on / pointing at a map (symbol)") 
were executed most often, followed by map use activities related to comparison with and 
construction of the graphic model. (Inter-)active map use activities such as "to measure 
on the map", "to count symbols", "to highlight objects", "to change the aggregation 
level", "to change the map orientation", "to change the snapshot in time" and "to apply a 
new mapping method" were not executed at all in the tests. Test persons were not at all 
inclined to interact with maps or adjust existing digital map displays.  
 
How do the users rate the effectiveness of the map displays in meeting their objectives? 
In other words, do the map displays meet their expectations? If not, what do the users 
do? 
It did not become completely clear what kind of expectations users have when they are 
selecting, searching for or generating maps in the process of regional exploratory studies. 
On the one hand, it sometimes looks as if users do not have any expectations at all and 
just use the maps "supplied" to them. On the other hand, sometimes users discard map 
displays quickly after they have had an initial look at them. Often, this decision to discard 
a map seems to be based on the contents of the map and not on the way of representation. 
After a map is discarded, most of the time users look for an alternative in the list of 
search results. They do that in such a way that it is likely that they would have preferred a 
list of search results with a supply of "thumbnails" instead of text only.  
 
What are the effects of differences in background and experience of users in exploring 
geographic datasets, in map use, and in using the visualization tool at hand?  
There are clear differences between novices and experts in exploring geographic datasets. 
Experts ask more questions, execute map use tasks at higher levels and put higher 
demands on the database, maps and the visualization tool. Also experts almost 
immediately start with formulating geographic hypotheses that they want to test with 
maps later on.   
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The main conclusion of this research project is that the use of maps in regional 
exploratory studies is very much of a supply-driven nature. Users prefer to at least start 
the exploration of an unknown set of geographic data with the help of a supply of readily 
available existing maps, preferably even on paper and in atlas form. They do not want to 
interact with or adjust these maps and they do not want to generate their own maps. They 
use this supply of maps to formulate geographic hypotheses, which may be tested later on 
with the help of geographic information systems and visualization tools such as ArcGIS 
and, for instance, (geo-) statistical tools. Put in these terms, it may be concluded that what 
has been called exploratory cartography over the past decade, should perhaps be 
considered as analytic cartography. In any case, the concept of the map use cube should 
be reconsidered, as exploratory cartography is not simply (as previously considered) 
individuals generating maps for their own specific needs and heavily interacting with 
these maps. At least the first part of exploratory cartography takes place in the diagonally 
opposite corner of the map use cube, there where the "presentation ball" is positioned (see 
Figure 1.4). 
 
 
7.2  Suggestions for further research: hypotheses 
 
The nature of this qualitative research project was rather experimental and, in essence, 
exploratory too. Besides, there were only ten test persons involved, with clearly different 
levels of expertise in regional exploratory studies, although the majority of them, and the 
experts in particular, originated from the same (Utrecht) "school of thought". Therefore, 
further, and perhaps more quantitative, research is required to test hypotheses derived 
from the research results, such as: 
 

In regional exploratory studies, users want to start their exploration of geographic data 
with the supply of a coherent set of ready-made cartographic products, preferably in an 
atlas format. 
 
In regional exploratory studies, users are hesitant to generate their own map displays, 
or adjust existing ones, because it involves too much time. 
The time factor accounts for the supply-driven nature of the selection and use of maps 
in regional exploratory studies. 
 
Users will benefit from atlases, or atlas metaphors, that lead them to effective maps 
through a preconceived set of geographic questions.   
 
In the first stages of regional exploratory studies, ready-made maps are used to 
generate hypotheses and to trigger further questions about the geography of an 
unknown region. 
 
If maps are incorrectly designed, the process of regional exploratory studies is delayed 
or negatively affected, because of the formulation of incorrect hypotheses. 
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In the first stages of regional exploratory studies, there is a role for paper maps and 
atlases. 
 
The order in which existing maps are presented in an atlas, or stored in a database, 
influences the progress and outcome of regional exploratory studies. 
 
The course of events in the process of regional exploratory studies is very much 
influenced by what is represented and how it is represented in the existing maps 
selected or searched for. 
 
In the first stage of regional exploratory studies, interaction with maps or data is not 
required.  
 
However, 
 
Interaction potential incorporated in the atlas that is used as a starting-point for 
regional exploratory studies facilitates the transition to the subsequent stage of analytic 
cartography. 
 
Cartographic visualization tools such as CommonGIS function better in analytic 
cartography than in exploratory cartography (in analytic cartography, the hypotheses 
are tested that are generated in the exploratory cartography stage).  
 
Current cartographic visualization software tools are not suitable for regional 
exploratory studies; their usability should be improved. 
 
If users cannot easily operate cartographic visualization tools, they will quickly move 
to ready-made paper maps at hand. 
  
In regional exploratory studies, users ignore the nature and characteristics (i.e. 
metadata) of the geographic data visualized. They are also careless with map legends. 
Methods and techniques of information visualization may improve the users' 
awareness of the data.  
 

These are only a few of the potentially great number of new hypotheses that may be 
derived from the results of these investigations. The outcomes of this research project, i.e. 
the recordings, verbal and action protocols, and completed map use and map selection 
matrices, may also be used as a basis for additional research, such as investigating the 
order in which map use tasks and / or activities are normally executed. The outcomes 
may also be investigated viewed through a more geographic than cartographic pair of 
glasses.  
 
Further cartographic research may take on various courses. For instance, this research 
project concentrated on regional exploratory studies. As it involves the use of a great 
variety of map types and geographic data, it may be considered as a pre-eminent example 
of exploratory cartography. But it cannot be assumed, just like that, that the results of this 



138 

research project are also applicable to other exploratory cartography environments. 
Further research is required in these other application areas of exploratory cartography.   
 
It should also be realized that, in this research project, it has not been investigated 
whether, or to what extent, use is made of maps in regional exploratory studies. In this 
research project, the test persons were continually "forced" to select and use maps, as this 
highly cognitive process was the object of this research. During the second, retrospective 
sessions some test persons gave the impression that, in practice, they do not use so many 
maps. The reasons for this may be a lack of readily available and suitable maps and data, 
unmanageable cartographic visualization tools, or a lack of knowledge of the 
effectiveness of maps. A striking conclusion from the analysis of the questionnaires was 
that the test persons do use maps a lot (at least weekly) but only construct them 
themselves occasionally. Further research is required here, but it appears that the 
available tools do not yet satisfy the regional geographers. 
 
What also became clear from this research project is that the traditional atlas concept is 
still very relevant, especially in the field of exploratory cartography. It is a way of 
organizing and bringing together the geographic data in a data-rich environment that 
facilitates browsing (as indicated by some of the test persons). There is still a need for 
atlases, be they on paper or in digital form and, disseminated, for instance, through the 
World Wide Web. Which atlas concept is to be preferred in which circumstances could 
be the subject of further research. In this respect, an interesting research project is, for 
instance, the PhD study of Trias Aditya, in which he investigates the (national) atlas as a 
metaphor to access a geospatial data infrastructure (Aditya et al., forthcoming). 
 
Of course, further research remains to be done in relation to the development of 
sophisticated and highly interactive tools for geovisualization. In addition to a supply of 
ready-made map displays, these tools will continue to play important roles in the 
exploration and analysis of geographic data. It is suggested that research in this field be 
focused more on the user-friendliness and applicability of these tools, as well as on the 
link to the ready-made visualizations with which the process of exploratory cartography 
may start.    
 
 
7.3  Recommendations 
 
The results of further research into the use of maps in the exploration of geographic data 
may be applied for improving the tools for exploratory cartographic visualization, i.e. 
both the cartographic products and the hard- and software used to generate these 
products. This does not mean that we should wait for these results. The outcomes of this 
research project already provide sufficient support for the following recommendations: 
 
• For exploratory cartographic purposes, there is a need for a ready-made supply of 

existing maps. As users may be rather careless in using these maps, and as they are not 
aware of the interpretation mistakes they may make on the basis of wrongly designed 
maps, these maps should preferably be produced by persons with a suitable 
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background in cartographic visualization. 
 
• The production of atlases, be they on paper or in digital form, should be continued. 

Alternatively, the atlas metaphor could be applied in a geospatial data infrastructure, in 
which the data are well prepared for mapping. As long as maps can still be made 
available quickly, and as long as the user-friendliness is guaranteed, these atlases 
could also be made interactive − in the sense that users could also adjust mapping 
methods, colour schemes, ways of data classification, etc. and add their own 
geographic data for further exploration and analysis. However, these cartographic 
visualization tools should preferably incorporate cartographic knowledge and 
expertise. Such knowledge and expertise may be reflected, for instance, by confronting 
the user with a series of geographic questions to choose from, linked to map types that 
are most suited to answering these questions. 

 
• In order to prevent interpretation mistakes, and in order to allow regional geographers 

to make more effective use of map displays in their research, it is recommended that 
they be better informed (through education or otherwise) on the characteristics and 
potential functioning of maps in the exploration of geographic data.
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APPENDIX 1: GUIDELINES FOR THE COMPLETION OF THE MAP 
SELECTION AND MAP USE MATRICES DURING PROTOCOL ANALYSIS  
 
 
1. Write the name of the test person on every new matrix. 
2. Each matrix should be sequentially numbered (box in top right-hand corner), as a reflection of the order 

of events. 
3. Write down the VCR tape count number (Start:*) as soon as the first sign has to be entered into one of 

the matrices. Write down the VCR tape count number (End:*) as soon as you switch to another matrix. 
Therefore, the end number on one matrix will usually be the start number on the next matrix.   

4. Normally, the process starts with a map selection matrix, followed by a map use matrix; followed by 
another map selection matrix and another map use matrix, and so on. 

5. However, when a subject starts working on the model without having consulted any map (except the 
PowerPoint template that is the basis for the model), the whole process starts with a map use matrix. 
The template is then considered as the first map selected. 

6. For every new map (display) actually looked at (more than just a glance), there will be at least a 
combination of one map selection matrix and one map use matrix. It does not matter whether the map 
appears to be actually useful (e.g. whether it is used to construct or to confirm the model) or not. 

7. Instead of the common map selection−map use matrix alternation, there may also be successions of two 
or more map use matrices in between two map selection matrices in the sequence. This will happen 
when the same map use activity is repeated to execute the same map use task with the same map. 
Otherwise, more than one sign would have to be inserted in the same grid cell. For this reason, it may 
also be possible to have a succession of map selection matrices in between two map use matrices (e.g. 
when a test person changes his or her mind about the theme to be considered before any map has been 
selected). 

8. Normally, the last matrix in a test session will be a map use matrix. 
 
 
Map selection matrix 
 
• The map selection matrix consists of five parts: 

- Part A: Resulting map (display) 
- Part B: Geodata 
- Part C: In which the resulting map types are linked to the way in which they were selected and to 

the basic geographic questions that may have been posed. 
- Part D: In which the visual variables applied are linked to the measurement level and the 

dimensional properties of the data represented. 
- Part E: In which the mapping method or way of map execution is linked to two other aspects of the 

nature of the data, i.e. whether they are continuous or discrete and static or dynamic. 
• Part A of the map selection matrix will have to be completed after completion of Parts B and C. In the 

two lines provided, write the identification tag (identification code of an existing digital or paper map or 
the sequential number of a newly generated map [Map x]) and the title (if any) of the resulting map 
(display).  

• In Parts B and C of the map selection matrix, the boxes in the column on the left-hand side (but 
usually not all of them) will be filled with numbers. Starting with number 1 in every new matrix, these 
numbers indicate the order of events in a particular map selection sequence. For example, the process 
may start with the definition of a particular theme, followed by the formulation of a basic geographic 
question, and then the search for a particular map. There may also be more stages in between, and the 
order of events may vary. 

• When completing Part B, it should be realized that there are always two possibilities: either a test 
person searches for a desired theme, year, aggregation level, geographic extent or map scale off hand, 
or the test person selects them from an available list or table. The set-up of the test is such that, when 
test persons are looking for maps or data in the database, they will always be confronted with the list of 
geographic themes as presented in Table 4.2. This may happen after they have first specified (by 



142 

thinking aloud) the subject they are interested in (and then they try to find that subject in the list 
provided). Alternatively, they immediately go to the list of geographic themes and select one or more 
subjects (this list, i.e. Table 4.2, is included in the document test persons receive at the start of the test 
session (see Appendix 2)). Their next step is to look for the maps and data available on the geographic 
subject selected and search for and / or select from the lists provided maps / data of a certain year, 
aggregation level, geographic extent and / or map scale. Only when (by thinking aloud) a test person 
actually specifies or selects something (before selecting or generating a particular map display) will 
there have to be a number in the box in the column on the left-hand side. And only when there is a 
number in a box will that row be completed with further information: 
- when a test person searches for something, it is noted down exactly what he or she specified (in the 

line provided) 
- when a test person selects a theme from the list provided, or from the menu appearing on the screen, 

the theme code as indicated in Table 4.2 is listed 
- the date and / or year of data collection selected from the resulting list of available maps or data 
- the aggregation level selected from the resulting list of available maps or data (using the following 

coding system: G=Gridcell; N=Neighbourhood; D=District; M=Municipality; C=COROP; 
O=Other) 

- the geographic extent selected from the resulting list of available maps or data (using the following 
coding system: W=Overijssel as a whole; P=Part of Overijssel; S=Overijssel and its surroundings) 

- the map scale selected from the resulting list of available maps or data (the following classes have 
been distinguished < 1 : 500,000 or 1 :250,000 to 1 : 500,000 or > 1 : 250,000).  

Again, the lines in Part B of the map selection matrix are not used to specify the characteristics of the 
data represented or of the resulting map displays. These characteristics may be found in the 
metadatabase. In the map selection matrix, the characteristics are only listed when reference is made to 
them by the test persons during the map selection process (through their thinking aloud). 

• As already said, the boxes in the column on the left-hand side of Part C of the map selection matrix 
may also be filled with sequential numbers. A cross sign ( X ) in one of the remaining grid cells in the 
three rows of the upper Map selection part of Part C shows which specific map type (see Table 4.3) the 
test person actually selected, searched for, or generated. It is also possible to have more than one cross 
sign in a line. This happens when the map selected, searched for, or generated is a combination of map 
types, e.g. a combination of a proportional point symbol map and a choropleth map. The cross signs 
will have to be put in the line generated from spatial database when the test person generates his or 
her own map display from the available attribute data and topographic base map elements with the help 
of ArcGIS software and the research assistant. The signs will have to be put in one of the other two 
lines when the test person selects an already existing digital or paper map from the Overijssel database. 
Cross signs will have to be put in the line searched for (demand-driven) when it appears (from the 
thinking aloud) that the test person was looking for a specific map before he or she started to search the 
database, and when it appears that the test person thinks that he or she actually found that map during 
the search. Whether or not the map retrieved is actually the map the test person expected beforehand 
does not affect the completion of the map selection matrix here. This will become clear from the 
protocol and from the next map use and map selection matrices. Cross signs will have to be put in the 
line selected from maps available (supply-driven) in the obvious case where a test person does not 
formulate a clear basic geographic question or geographic theme beforehand, but just browses through 
the available pile of paper maps or an atlas to see what he or she can use. But cross signs will also have 
to be put in this line when, although a test person did define a geographic theme to begin a search, it is 
clear that the map selected from the list of search results is not a map the test person previously had in 
mind. In a situation like this, the map may be selected as a kind of alternative because the desired map 
does not seem to be available, or because the test person did not have any map in mind and just selects a 
map that he or she thinks may be useful, or because the test person changes his or her mind when 
confronted with a list of search results ("That's a map or topic I didn't think of, but it may be useful to 
me"). 

• No cross signs need to be put in the grid cells in the lower part (Basic geographic questions). The plus 
signs that have been pre-printed there already indicate which map type theoretically gives the best 
answer to a basic geographic question. In situations where a test person clearly had a basic geographic 
question (reflected by a number entered into the box next to the question in the left-hand column), the 
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position of the plus sign may be compared with the position of the cross sign in the Map selection part 
above. 

• As already said, Part A of the map selection matrix will have to be completed after completion of Parts 
B and C. In the two lines provided, write the identification tag (identification code of an existing digital 
or paper map or the sequential number of a newly generated map [Map x]) and the title (if any) of the 
resulting map (display). When use is made of an already existing map, this step will be followed by the 
completion of a map use matrix (before completion of Parts D and E). 

• In the process of regional exploratory studies, a test person could formulate a basic geographic question 
and / or define specific map or geodata criteria, select a map, use that map, and then discover that the 
map selected does not provide the answer(s) or information required. In such a situation, that particular 
map will not be used for the task in hand (model construction). But for this, a combination of a map 
selection matrix and a map use matrix will still have to be completed. The next step may then be that 
the test person decides to pose another question, or, for instance, to choose another theme. However, in 
many cases a test person will first try to find out whether there is another map that meets his or her 
requirements. For instance, a test person will often want to have a look at the next map that appears on 
the list of existing maps available that resulted from a search of the metadatabase. In this case, a new 
combination of a map selection matrix and a map use matrix will have to be completed. On the new 
map selection matrix, the items that were filled in in Parts B and C of the previous map selection 
matrix will be taken over (even when they are not repeated by thinking aloud), unless a basic 
geographic question, or map or geodata item, is reformulated. Of course, if new criteria are added, they 
will also be added in the new map selection matrix.  

• Part D and Part E of the map selection matrix are used to find out whether those geographic data that 
are actually analysed by the test person are represented according to the theoretic rules of the 
cartographic language. Cross signs in the boxes in the columns on the left-hand side of Parts D and E 
indicate the nature of the data represented in the existing map selected or in the new map generated by 
the test person. Several kinds of data may be represented in the same map at the same time. So, it is 
possible to have more than one cross sign in the left-hand columns of Part D and Part E. But, again, 
only the representation of those items the test person has actually been analysing is considered here (i.e. 
for instance, not necessarily all the elements of the legend of a topographic map). Typically, therefore, 
Parts D and E of the map selection matrix will be completed after the last use of an existing map (i.e. 
after completion of the map use matrix, and just before the start of a new map selection matrix). Of 
course, if a new map is generated from scratch, or an existing map (e.g. an ArcGIS data frame) is 
adjusted, Parts D and E may also be completed before the actual use of that map. 

• By blackening one or more grid cells in a line in the matrix of Part D, it can be indicated which visual 
variables have been used to represent a particular kind of data (position, form, orientation, colour, 
texture, value, size, or a dynamic visual variable). Usually this is done by means of combining the 
visual variable position with any other visual variable. Pre-printed signs indicate whether the 
application of a particular visual variable is theoretically correct (+ = correct; ++ = even better) or not  
(-). The application of the visual variable texture is always doubtful (O). Dynamic visual variables may 
be applied to all data listed in Part D. 

• A sign to be filled in in the selective perception? column of Part D indicates whether or not a test 
person requires (or would profit from) a map display with selective perception properties. Selective 
perception means that the eye can spontaneously arrange different symbols into distinct groups (by 
looking at a map you can see at a glance where a particular symbol is (e.g. On this map, where are the 
motorways?). In this column, a plus sign (+) indicates that selective perception would be useful for the 
test person, whereas a minus sign (-) indicates that selective perception is not required. In cases where 
this is not clear, an "O" may be put in the grid cell. Not all visual variables have selective perception 
properties. As a check on whether a "theoretically correct" visual variable has been used, the visual 
variables with selective perception properties have been printed in bold in Part D. 

• If a theoretically "wrong" visual variable has been applied to represent a particular kind of data, a minus 
sign (-) has to be filled in in the pertinent grid cell in the correct application? column of Part D. Even 
if a "correct" visual variable has been applied, a minus sign may still be put in this grid cell if the actual 
application of the visual variable has not been correct (e.g. clear value differences in a colour range, 
incorrect size relationships, distinction of too many classes when selective perception is required, etc.). 
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In the latter case, an explanation should be given in the space provided below the matrix. A plus sign 
(+) in the pertinent grid cell indicates that a visual variable has been applied correctly. 

• By blackening one or more grid cells in the pertinent line(s) (depending on whether the data are 
continuous or discrete and static or dynamic) in the matrix of Part E, it can be indicated which mapping 
method(s) or way(s) of map execution has (have) been applied in the map selected or generated by the 
test person. Pre-printed signs indicate whether the application of a particular mapping method or way of 
map execution is theoretically correct (+) or not (-).  

• If a theoretically "wrong" mapping method or way of map execution has been applied to represent a 
particular kind of data, a minus sign (-) has to be filled in in the pertinent grid cell in the correct 
application? column of Part E. Even if a "correct" mapping method / way of map execution has been 
applied, a minus sign may still be put in this grid cell if the actual application has not been correct. In 
the latter case, an explanation should be given in the space provided below the matrix. A plus sign (+) 
in the pertinent grid cell indicates that a particular mapping method / way of map execution has been 
applied correctly.  

• In the right-hand columns of Part D and Part E, signs should indicate whether a test person 
demonstrates awareness (+) of the rules of cartographic symbol design or not (-). In other words, did the 
test person give any indication that he or she is aware of the theoretically "correct" or "wrong" 
application of visual variables, mapping method, or way of map execution? If this awareness is unclear 
or uncertain, an "O" sign should be put in the pertinent grid cell.       

 
 
Map use matrix 

  
• The map identification resulting from the map selection matrix is taken over in the box in the top left-

hand corner of the map use matrix. 
• If the whole process of a particular test person starts with a map use matrix (because he or she starts 

working on the model immediately), the box in the top left-hand corner of the map use matrix should 
contain the identification Template (referring to the PowerPoint template that forms the basis of the 
model).  

• In the map use matrices, grid cells will be filled with numbers. Starting with number 1 in every matrix, 
these numbers indicate the order of events in a particular map use sequence. 

• In the map use matrix, the map use tasks are determined with the help of Table 4.1 (Map use tasks with 
relation to the geographic questions addressed). 

• What is recorded is the use of the map (display) selected or generated, i.e. not the use of the template! 
In other words, the Map use activity "view the map image" refers to the test person actually looking at 
the map selected or generated. When a test person is viewing the template, numbers may only be added 
in the grid cells in the bottom two rows of the map use matrix (under the heading Construction, i.e. 
when the test person is actually working on the model / chorème) or in the row "compare with model / 
chorème" (when a test person is successively viewing the map image and the model image on PC 2). 

• In the process, the map display under consideration may be juxtaposed with another map selected / 
generated before. In the map use matrix, the identification code (or sequential number as indicated in 
the map selection matrix) of this other map should be written down in the space provided (fourth row of 
the map use activity Analysis). 

• At the bottom of the map use matrix, there is room to fill in the Net map usage time and the Time 
spent on model construction before a new map display is selected or generated. The times may be 
calculated on the basis of tape counts, which will be noted down here as well. Net map usage time may 
be considered as the time during which the eyes of the test person are directed towards the map display 
on PC 1, or towards a paper map. Time spent on model construction may be operationalized as the time 
during which the test person is actually working on, or may be thinking about, the model with his or her 
eyes directed towards the monitor screen of PC 2. But when the test person is just comparing the model 
/ chorème with the map selected (one of the map use activities listed), this is considered to be map 
usage time. Also when there is a high alternation frequency between map and model (e.g. when a test 
person takes over elements of a map into the model in a detailed fashion), all time is considered as map 
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usage time. Under Time spent on model construction, you should think of time spent on working on 
the model before or after map usage without consulting the map for a longer period of time. 

• In the map use process, the user may also decide to adjust the map display by applying a different 
mapping method (e.g. switching from a proportional point symbol map to a choropleth map). In such a 
case, a new map selection matrix should be completed. In the map use matrix, reference should be made 
to the sequential number of this new map selection matrix in the space provided (last row of the map 
use activity Adjustment).
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APPENDIX 2: INTRODUCTION TO THE TEST ON THE USE OF THE MAPS 
IN THE EXPLORATION OF GEOGRAPHIC DATA  
(first document provided to test persons at the start of their session)  
 
 
Thank you very much for your willingness to participate in this user research project. 
 
The objective of this research is to investigate the selection and use of maps and map displays in the 
exploration of geographic data. 
 
The results will be used for improving the tools for exploratory cartographic visualization, i.e. both the 
cartographic displays and the hard- and software used to generate these displays. 
 
The case selected for this research project illustrates a common task for many geographers and is:  
 

to execute a regional exploratory study of the Dutch province of Overijssel in order to gain 
insight into and present an overview of the geography of this region.  

 
For the sake of simplicity, just imagine that you have to make a presentation on the main geographic 
characteristics of Overijssel to a group of newly arrived, foreign ITC MSc students in geo-information 
science and earth observation. This presentation is to be based on a schematic graphic model of the 
geographic structure of the province.  
 
Your concrete task in this research project is to construct such a graphic model. 
 
In order to be able to execute this task, you will have at your disposal a geographic database consisting of: 
 
• already existing paper maps (unattached, or incorporated in an atlas, book or report) 
• already existing digital maps (as map files on disk, CD-ROM or diskette, or as maps on websites or in 

ArcGIS map documents) 
• geographic attribute data plus related topographic base map elements, which you can use to create 

your own thematic maps with the help of the ArcGIS software package (Note: ArcGIS can also be used 
to adjust the already existing ArcGIS map documents to your own needs, if you so wish.) 

 
You do not have to be able to operate ArcGIS yourself, as the research assistant will do that for you. He 
will not make any suggestions, but just do as requested, i.e. generate the map display you want, in the way 
that you want it. 
 
He will also help you to find the geographic attribute data you want, or the already existing digital or paper 
maps you need. He will do this with the help of a search functionality on a metadatabase. 
 
Searches can be carried out on the basis of geographic subjects. If you search for a particular subject, you 
can choose to see either all the geographic attribute data, all the existing paper maps, or all the existing 
digital maps available on that particular subject. It is also possible to retrieve all this information at the 
same time (i.e. three tables on top of one another). Every time you go through this search process, it is 
completely up to you how you go about your task of constructing a graphic model. Either you retrieve and 
consult an existing digital or paper map, or you generate and / or adjust a map display yourself with the 
help of ArcGIS. 
 
Please find below a list of geographic subject categories drawn up for this research project. 
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Geographic themes for regional exploratory studies 
 
TO  Topography 
 
PL  Physical planning 
 
HI  History 
 
EN  Environment 
  ENai Air  
  ENla Landscape 
  ENlu Land use 
  ENwa Water 
 
PG  Physical geography 
  PGge Geology 
  PGgm Geomorphology 
  PGrl Relief 
  PGso Soil 
 
PO  Population 
  POam Age and marital status  
  PObd Births and deaths 
  POde Density and distribution 
  POed Education 
  POgr Growth 
  POho Households 
  POin Income and expenditures 
  POih Inhabitants (total number and sex) 
  POmi Migration and commuting 
  POoc Occupation 
  POor Origin 
  POpl Politics 
  POur Urbanization 
 
HO Housing 
 
EC  Economy 
  ECag Agriculture 
  ECbu Businesses 
  ECem Employment 
  ECin Manufacturing industry 
  ECre Retail trade 
  ECsi Service industry 
  ECtr Traffic, transportation and communication 
 
WE Welfare 
  WEpr Provisions (e.g. health, education, sports) 
  WEre Recreation 
  WEto Tourism 
 
OT Other 
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You will be asked to construct the graphic model of Overijssel with the help of Microsoft PowerPoint 
software on your own PC in the research laboratory.  
 
In a minute, you will receive some instructions on how to do this. All actions that you execute with 
PowerPoint will be recorded on videotape, together with the actions the research assistant executes on his 
PC at your instruction (search actions and map construction with ArcGIS). At the same time, all your 
actions and reactions will be recorded by means of the video camera (e.g. your consultation of paper maps). 
 
But the most important thing that will be recorded (with the help of a wireless microphone) is what you 
say. 
 
PLEASE SAY ALOUD EVERYTHING YOU THINK DURING THE EXECUTION OF YOUR 
TASK! 
 
In this research, use is made of the so-called think aloud method.  
 
We would like to register all the geographic questions that come into your mind, your reasoning 
when dealing with these questions, and the conclusions you draw. We would also like to hear what 
you are thinking when you are selecting or generating a map, and when you are consulting the map.  
(Please read and digest these last two sentences again!) 

 
The research assistant will remind you to think aloud if it seems you are forgetting to do so. Just imagine 
that all the time you have to tell the research assistant what you are thinking and doing.  
 
Thinking aloud may not be easy for you, so we will ask you to practise a little when you are reading the 
guidelines for using PowerPoint’s tools for constructing a graphic model, and when you are practising with 
these tools. 
 
After you have constructed your graphic model of Overijssel, and after a short break, comes the last part of 
this user research. You will be asked to comment on your actions and thinking during the first session in 
retrospect. Together with the researcher , you will watch the recordings of the first session, and the 
comments you now make will again be recorded. 
 
In this research project, NO qualitative judgement whatsoever will be made on your performance in 
constructing a graphic model of Overijssel.  
 
We are only interested in learning more about the ways in which you select and / or retrieve, and 
subsequently use, map displays in executing your regional exploratory study.  
 
As this process may be influenced by your background and experience, you will first be asked to complete 
a brief questionnaire. 
 
To summarize, these are the stages of the test you are about to take: 
 
1. Introduction to the test (this document) 
2. Questionnaire 
3. Guidelines for constructing a graphic model of Overijssel with the help of Microsoft PowerPoint (plus a 

little practice − also of thinking aloud) 
4. First think aloud session (leading to a graphic model of Overijssel) 
5. Break 
6. Second think aloud session (in which you comment on the recordings of the first session in retrospect) 
 
Again, thank you very much for your cooperation!
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APPENDIX 3: QUESTIONNAIRE  
 
 
In order to be able to put the ways in which you select and use map displays in regional exploratory studies 
in the proper context, we would like you to briefly answer a few questions on your background and 
experience.  
 
 
Current situation 
 
1.  Your name: 
  
 ……………………………………………………………………………………….. 
 
 
2.  Do you speak English? 
 (Please tick) 
  

 Yes, it is my mother tongue (4) 
 Yes, I speak English well, although it is not my mother tongue (3) 
 Yes, I speak English reasonably well (2) 
 No, I cannot speak English (1) 

 
 
3.  Do you speak Dutch? 
 (Please tick) 
 

 Yes, it is my mother tongue (4) 
 Yes, I speak Dutch well, although it is not my mother tongue (3) 
 Yes, I speak Dutch reasonably well (2) 
 No, I cannot speak Dutch (1) 

 
 
4.  What is your mother tongue? 
 (Only answer this question if your mother tongue is NOT English or Dutch) 
 
 ……………………………………………………………………………………….. 
 
 
If you do NOT have a job, please go to Question 9 
 
 
5.  What is the name of your employer (organization, institute, company, etc.)? 
 
 ……………………………………………………………………………………….. 
 
 
6.  What are the core activities of your employer? 
 
 ……………………………………………………………………………………….. 
 
 
7.  What is position do you hold? 
 
 ……………………………………………………………………………………….. 



 152 

8.  What are your core activities? 
 
 ……………………………………………………………………………………….. 
 
 
9.  Are you currently a student? 
 (Please tick) 
 

 Yes 
 No   

 
 
10. If so, at which institute, and which educational programme are you following? 
 
 ……………………………………………………………………………………….. 
 
 
 
Geography education, background and experience 
 
11. Do you have a degree in geography? 
 (Please tick) 
 

 Yes 
 No  

 
 
12.  If so, what kind of degree, when did you obtain it, and at which university? 
 
 ……………………………………………………………………………………….. 
 
 
13. Do you have any experience in regional geography or regional exploratory studies (analysing and 
 reporting on the main geographic characteristics of a particular region)? 
 (Please tick) 
 

 Yes, a lot (2) 
 Yes, a little (1) 
 No (0) 

 
 
14. If so, have you also executed regional exploratory studies since completing your geography education? 
 (Only answer this question if you already have a degree in geography. Please tick.) 
 

 Yes, often (3) 
 Yes, occasionally (2) 
 Yes, but only once or twice (1) 
 Never (0) 

 
 
15. Have you ever heard of the Frenchman Roger Brunet? 
 (Please tick) 
 

 Yes 
 No  
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16. Have you ever heard of the French publisher Fayard / Reclus? 
 (Please tick) 
 

 Yes 
 No  

 
 
17. Do you know what a chorème is?  
 (Please tick) 
 

 Yes go to Question 18 
 No  go to Question 20 

 
 
18. Please describe briefly what a chorème is: 
 
 ……………………………………………………………………………………….. 
 
 
19. If you know what chorèmes are, have you ever made use of them? 
 (Please tick) 
 

 Yes, often (3) 
 Yes, occasionally (2) 
 Yes, but only once or twice (1) 
 Never (0) 

 
 
20. Do you have any experience in producing graphic models showing the main geographic characteristics 
 of a particular region? 
 (Please tick) 
 

 Yes, a lot (2) 
 Yes, a little (1) 
 No (0) 

 
 
Knowledge of Microsoft PowerPoint 
 
21. How often do you use Microsoft PowerPoint in your daily work? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0) 
 I do not know Microsoft PowerPoint (-) 
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22. How often do you use the Microsoft PowerPoint or Microsoft Word drawing functions in your daily 
 work? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0) 
 I did not know that I could draw in Microsoft PowerPoint (-) 

  
 
Cartographic education and interest in and experience with maps 
 
23. Have you ever attended a course on cartography?  
 (Please tick) 
 

 Yes go to Question 24 
 No  go to Question 25 

 
 
24. If so, when and where did you attend a course on cartography and how long did the course last? 
 
 ……………………………………………………………………………………….. 
 
 
25. Do you read any cartographic journals? If so, which ones? 
 
 ……………………………………………………………………………………….. 
 
 
26. Have you ever heard of the Frenchman Jacques Bertin? 
 (Please tick) 
 

 Yes 
 No  

 
 
27. Can you mention some examples of visual variables? If so, please mention two. 
 
 ……………………………………………………………………………………….. 
 
 
28. How often do you use maps (either on paper or on computer screens) in your daily work?  
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0)  
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29. If you use maps, what kind of maps do you use? 
 
 ……………………………………………………………………………………….. 
 
 
30. Which do you prefer, using maps on paper or on a computer monitor? 
 (Please tick) 
 

 I prefer to use maps on paper (p) 
 I prefer to use maps on the monitor of a computer system (d) 
 I have no clear preference, it depends on the situation (p/d) 

 
 
31. On a scale of 1 to 10, please rate how much you enjoy maps (1 = lowest level of enjoyment; 10 = 
 highest level of enjoyment). 
 (Please tick) 
 
 Not □ □ □ □ □ □ □ □ □ □       A lot 
   1 2 3 4 5 6 7 8 9 10 
 
 
32. On a scale of 1 to 10, please rate how competent you think you are in using maps (1 = lowest level of 
 competence; 10 = highest level). 
 (Please tick) 
 
 Not □ □ □ □ □ □ □ □ □ □       Very 
   1 2 3 4 5 6 7 8 9 10 
 
 
33. Do you ever design or construct maps yourself? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (go to Question 36) (0) 

 
 
34. If you do construct maps yourself, how do you do this?  
 (Please tick / more than one answer is possible) 
 

 On paper (without the help of a computer) 
 I sometimes design a map and ask somebody else to construct it 
 On the computer, with the help of interactive atlases 
 On the computer, with the help of GIS software 
 On the computer, with the help of graphic software 
 On the computer, with the help of dedicated cartographic software 

 
 
35. If you generate maps yourself on the computer, which software do you use? 
 
 ……………………………………………………………………………………….. 
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Knowledge of ArcGIS 
 
36. How often do you use geographic information systems (GIS) in your daily work? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0) 

 
 
37. Do you know ArcGIS? 
 
 ……………………………………………………………………………………….. 
 
 
38. If so, how often do you use ArcGIS in your daily work? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0) 

 
 
39. ArcCatalog is one of three applications in the ArcGIS environment. What are the other two? 
 
 ……………………………………………………………………………………….. 
 
 
40. Do you ever generate maps yourself with the help of ArcGIS? 
 (Please tick) 
 

 Every day (5) 
 Every week (4) 
 Every month (3) 
 Less than once a month, but still a couple of times a year (2) 
 Rarely, incidentally (1) 
 Never (0) 

 
 
41. If you do produce maps with ArcGIS, what kind of maps do you produce? 
 
 ……………………………………………………………………………………….. 
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Knowledge of Overijssel 
 
42. What is your nationality? 
 
 ……………………………………………………………………………………….. 
 
 
43. In which town do you live at the moment? 
 
 ……………………………………………………………………………………….. 
 
 
44. Since when? 
 
 ……………………………………………………………………………………….. 
 
 
45. Have you ever lived in the province of Overijssel before? If so, when and where? 
 
 ……………………………………………………………………………………….. 
 
 
46. How well do you think you know the geography of the province of Overijssel?  
 (Please tick) 
 

 I hardly know anything about the geography of Overijssel (0) 
 I vaguely remember something about Overijssel from my geography classes at school or at 

university (1) 
 I know something about Overijssel because I live there and make use of local information sources 

(2) 
 I am really interested in the geography of Overijssel and have studied publications and maps on this 

province (3) 
 I have had to be interested in the geography of Overijssel, as I have taught this subject in the past (4) 
 I have made a regional geographic study of Overijssel (5) 

 
 
47. In Overijssel, what is the name of the region immediately next to – and to the west of – Twente? 
 
 ……………………………………………………………………………………….. 
 
 
Thank you for completing this questionnaire!
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APPENDIX 4:  
QUESTIONNAIRE RESULTS FOR INDIVIDUAL TEST PERSONS  
(see Appendix 3 for the questions and the coding of the answers) 
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APPENDIX 5: TEST SESSIONS: PREPARATION, EXECUTION AND 
PROCESSING (AND INSTRUCTIONS FOR RESEARCH ASSISTANT)  
 
 
Inviting test persons 
Invite test persons and explain to them what they are supposed to do, but do NOT mention the area of 
which they will have to produce a graphic model. 
 
 
Preparation (well beforehand) 
• Research assistant (RA) should be familiar with the search facilities in the Overijssel database and 

should have a reasonable idea of which maps and data are available and where they can be found. If RA 
is slow or rather negative in searching for data, a test person (TP) may quickly start doing something 
else or may look for another solution. 

• RA should be familiar with the contents of the following documents: 
- Introduction to the test on the use of maps in the exploration of geographic data 
- Questionnaire 
- Guidelines for constructing a graphic model of Overijssel with the help of Microsoft PowerPoint  
- Working with ArcMap during test sessions 

 
 
Preparation (just before the start of a test)  
• For hardware preparations, see separate document Hardware controls. 
• On PC 1, start the following software applications: 

- the Overijssel metadatabase 
- ArcCatalog 
- ArcMap 

• Make sure that there is a working directory (folder) available for TP on  
 

departments on itcnt01’(N:) 
\gip\carto\overijssel\database\arcgis\ArcMap_Documents\Working_Directories\  

  
 These folders can be named after the TPs (e.g. TP1 or TP8).  

In these folders, the data frames / map documents generated by / for TP during the think aloud session 
will be stored, as well as copies of the "AGDF maps" already existing in the database but to which TPs 
want to make adjustments.  

• With the help of ArcCatalog, create a new Personal Geodatabase with the name 
TPxCopiedBaseMapElements in TP's working directory (folder) that has just been made. The 
topographic base map elements that are required will have to be copied to this new Personal 
Geodatabase. Copying should be done in ArcCatalog from:  

 
departments on 'itcnt01' (N:) 
 \gip\carto\Overijssel\Database\ArcGIS\Base Map Elements\Base Map Elements.mdb 
 
(See document Adding “AGDF” maps (ArcGIS data frames) in the manual (white folder) Adding maps 
and data, page 2/3.) 

 
It may save time to copy beforehand the most common topographic base map elements to the new 
Personal Geodatabase TPxCopiedBaseMapElements, i.e. 
- wm_boundaries_1988_1998 
- wm_boundaries_1999_2000 
- wm_boundaries_2001_2002 
- wm_boundaries_2003 

 "Joins" will be made between these copied base map elements and the required attribute tables. 
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• On PC 2, start MS PowerPoint and open a new presentation with the design template Ovmodel.pot 
 
 
Welcoming test person and demonstrating search functionalities 
• The researcher will welcome TP and will explain the test and task with the help of the document 

Introduction to the test on the use of maps in the exploration of geographic data. 
• TP will be asked to read through this document. 
• Researcher will demonstrate the contents of the Overijssel database and the search functionalities, also 

stressing the possibility of generating "new" maps or adjusting existing ones, with the help of ArcGIS 
and the available attribute data and topographic base map elements.  

 Example of a search demonstration topic:  
Where are the aged / old people living in Overijssel? > Search in the category POam (Population: Age 
and marital status) > Results: MF21 (existing digital map) / Age65up (attribute data) / Plano22 (paper 
map). 

• Explain to TP where the Plano, Publ and Fold maps can be found. Indicate explicitly that Publ and Fold 
maps may be found inside publications such as atlases. The numbers of the Publ and Fold maps that can 
be found inside these publications are shown on the outside cover or back of the book concerned. Show 
example of Bosatlas and physical planning maps of Overijssel (Fold1-Fold4). 

• TP should be informed that the database also contains existing digital or paper maps of the Netherlands 
as a whole (e.g. from the Atlas of the Netherlands). These maps need not be discarded because TP is 
only interested in Overijssel. The maps of the Netherlands that are included always provide sufficient 
regional variation within Overijssel as well (this was a selection criterion for them to be included in the 
Overijssel database). It was simply easier to get hold of a variety of maps of the Netherlands as a whole 
than of the province of Overijssel. 

• TP will have to be informed that English is used as the vehicle in this research project. So, the thinking 
aloud too will preferably have to be done in English (even if English is not TP's mother tongue). 
However, if the researcher and RA are Dutch, Dutch TPs may turn to Dutch occasionally if they cannot 
express themselves well enough in English. 

 
 
Questionnaire 
After the Introduction to the test, TP will be asked to complete the questionnaire on paper. 
 
 
Practising thinking aloud and graphic model construction 
• Let TP become familiar / practice with the drawing functions of PowerPoint with the help of the 

document Guidelines for constructing a graphic model of Overijssel with the help of Microsoft 
PowerPoint. 

• As this part of the test will also be used to practise thinking aloud, this practice with PowerPoint will be 
recorded. 

• Start recording by pressing the "Play" and "Rec" buttons on the VCR simultaneously. 
• Interrupt TP if, apparently, some of the guidelines for model construction are not clear enough. 
• After completing the PowerPoint practice, check the quality of the recordings by rewinding the tape a 

little (remember the number of the VCR count) and pressing "Play". 
• Wind the tape again to the position where the practice session ended. 
 
CHECK THE STATUS OF THE BATTERIES (when the red light on one of the two components flashes, 
the battery should be replaced). 
 
 
Execution (first session) 
• This session will be executed by RA.  
• Start recording a session by pressing the "Play" and "Rec" buttons on the VCR simultaneously. 
• Paper maps will have to be consulted on the desk in between the two computers. RA should intervene 

when a paper map is consulted elsewhere. 
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• By preference, TP should sit down when consulting the paper maps. If TP stands upright, his or her face 
will not be visible on the video recordings. RA may have to remind TP of this during the session. 

• Existing digital maps will be retrieved (by RA) and consulted (by TP) on the monitor of PC 1. 
• Task of RA is just to operate ArcGIS and help TP to find the desired maps and / or data to be mapped.  

THE RESEARCH ASSISTANT SHOULD MAKE NO SUGGESTIONS WHATSOEVER TO 
THE TEST PERSON AS REGARDS USING PARTICULAR DATA OR PARTICULAR MAPS.  
RA should just execute what is requested by TP and should leave TP to look for maps and / or data. RA 
should not be tempted to solve the problem together with TP. 

• However, RA should trigger geographic questions and should stimulate map use to try to answer these 
questions. RA should not stimulate the use of attribute tables without mapping the attribute data. 

• RA should listen carefully to TP's request. For example, if TP clearly asks for information about the 
number of inhabitants of the cities, RA should not present a map showing population density, but 
attribute data on population numbers. 

• If TP has a search question (e.g. "What do you have on soils?"), RA searches the database with and for 
TP. There are two ways of doing this (see green folder): look either for all data on a particular subject 
(i.e. all attribute data, all paper maps and all existing maps on that subject) or for just one category at a 
time. RA should first ask TP what he or she wants: "Do you want to see everything that is available on 
this subject or do you only want to know whether there are attribute data, paper maps or existing digital 
maps on this subject?" In principle, the first approach will have three tables as a result (one with paper 
maps, one with existing digital maps, and one with attribute data). With this result, RA should first give 
a complete overview of what is available in all three categories before TP is asked what he or she wants 
to do or look at. Otherwise, there is a danger that TP will just start with the contents of the table 
displayed on top. Also, the elements of the map descriptions (the fields in the tables with search results, 
such as map title, map description, etc.) should be considered with TP carefully before an attribute is 
selected or further processed. 

• If TP so wishes, RA can also retrieve the metadata of the attribute, existing digital map, or paper map 
that is in front of TP. See Searching for metadata in the green folder. 

• RA should NOT work on his own and RA should NOT continue searching the database when TP is 
doing something else (e.g. looking at the paper maps that are lying on the table). TP is in charge. 
Having finished whatever he or she is doing, TP may give the instruction to continue searching or to do 
something else.  

• RA may have to remind TP that there is a list of geographic subject categories in the Introduction to the 
test. This list may help in finding the information wanted.  

• RA may also answer any questions about the operation of PowerPoint’s drawing tools for model 
construction. After all, it is not the user friendliness of PowerPoint that is being tested here. This also 
means that RA may intervene if TP clearly wants to produce a symbol but apparently does not know 
how to. In other words, RA should not let TP struggle too long with constructing elements of the 
graphic model, but just intervene and assist TP to construct the symbols wanted. Either TP may be 
helped directly, or RA may have a look (together with TP) in the Guidelines for constructing a graphic 
model.  

• After their retrieval, RA may suggest that existing ArcGIS data frames can be adjusted if TP so wishes.  
• RA should not discourage, but rather stimulate, TP's possible desire to make his or her own map (with 

the help of ArcMap, and on the basis of the available attribute data and topographic base map 
elements). Making their own maps is, perhaps, the most interesting part of the research project. 

• RA should NOT work on his own when generating a new map display for TP with ArcMap. Apart from 
the preparations and other organizational instructions (as included in the document Working with 
ArcMap during test sessions), RA should just execute what TP wants. After all, this is what is being 
investigated. Again, RA should not have the feeling that he has to complete a task together with TP. 

• Something RA may have to do on his own initiative is REMIND THE TEST PERSON TO THINK 
ALOUD − especially regarding the geographic questions that come into his or her mind, the answers to 
which he or she would like to find. 



166 

• Obviously, RA may also explain (again) what is expected of TP, if he or she obviously misunderstands 
the task. For instance, this is the case if TP concentrates too much on the production of the graphic 
model. In such cases, THE RESEARCH ASSISTANT MAY REMIND THE TEST PERSON OF 
THE FACT THAT WHAT IS BEING INVESTIGATED IS THE SELECTION, 
CONSTRUCTION AND USE OF MAPS AND MAP DISPLAYS.   

• When TP wants to generate his or her own map displays with the help of ArcGIS, this should be done 
within the TP's working directory created in the preparatory stage. Also, if TP wants to adjust an 
existing AGDF map (as incorporated in the Overijssel database), the data frame layer(s) should be 
copied first (with the help of ArcCatalog) to a new map document in the working directory (otherwise 
the "original" AGDF map will be modified). During the test sessions, users may also want to relate the 
attribute data in the attribute tables with other data that occur in other tables, or they may want to 
calculate derived values with the data already included in the attribute table. All this may and can be 
done in the new ArcMap document that has been created in the working directory of TP. (Also see 
separate document Working with ArcMap during test sessions.)  

• It is NOT possible, nor desirable, to transfer a map image appearing on the screen of PC 1 (either an 
existing digital map, or a map freshly created with ArcMap) as an overlay to the graphic model (or 
chorèmes) under construction on PC 2. The task is to construct a schematic graphic model and not a 
geometrically correct map. So, TP has to visually inspect the maps appearing on the screen of PC 1 and 
construct the elements of the graphic model from scratch and by hand. 

• During the test session the status of the batteries in the two components of the wireless microphone 
should be checked on a regular basis. When the red light on one of the two components flashes, the 
battery should be replaced. 

• After about one hour (or a little earlier / later, as indicated by TP), the session should be stopped by RA 
for a coffee or tea break. Stop the recordings by pressing the "Stop" button on the VCR. 

 
 
Execution (second session: looking at the recordings of the first session in retrospect) 
• This session will be executed by the researcher. 
• For hardware preparations, see separate document Hardware controls. 
• Check the status of the batteries in the two components of the wireless microphone. 
• Explain to TP what is expected of him or her (comment on the recordings of the first session; the 

playing of the recordings of the first session may be paused every now and then in order to allow TP to 
comment more extensively). 

• Researcher should ask questions as to why TP did, or did not do, certain things. For example, TP could 
be asked why he or she had hesitated so much in constructing a map from scratch from the attribute 
data, or, in other words, why he or she had preferred to look at existing maps first. TP may also be 
asked to explicitly formulate the (geographic) questions he or she wanted to tackle with the help of 
maps. 

• Researcher may also ask TP to explain the graphic model in somewhat more detail (if required). 
• Start recording the session by pressing the "Play" and "Rec" buttons on the VCR simultaneously. 
• Start playing the tape of the first session on the video camera (which is now used as a video player). 
• Stop the recordings by pressing the "Stop" button on the VCR. 
• Stop the playing by pressing the "Stop" button on the video camera. 
 
 
Processing the results afterwards 
• Take the videotapes out of the VCR and video camera. Label the tapes Session 1 and Session 2 and with 

TP's name, and store the tapes in the cupboard. 
• The graphic models produced by the TPs (i.e. the PowerPoint presentations (.ppt files)) should be stored 

in My documents'/PhD/Models Test Persons/ .TP's last name is the name of the file. 
• The map documents created during the session should be saved in the working directory of TP. Some of 

the data frames, or even complete map documents, could be transferred as new "AGDF maps" to the 
Overijssel database later on. (See document Working with ArcMap during test sessions.) 
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APPENDIX 6: GEOGRAPHIC QUESTIONS POSED, GEOGRAPHIC THEMES 
SELECTED, AND MAPS SELECTED OR GENERATED BY THE TEST 
PERSONS DURING THEIR TEST SESSIONS 
(Note: the listings for TP10 and TP4 are shown in Tables 6.3 and 6.4 respectively. See 
Section 6.3.2 for explanation.) 
 
 
TP1 
 
1. Template 
2. What is the position of Overijssel in the Netherlands? 
3. Now, the question is whether Overijssel is a real unit, a real region, or not, and whether the boundaries 
  have some logic. 
4. What are the locations of Ommen and Hardenberg? 
5. Plano2: Overijssel new on the map 
6. What are the exact locations of the historical trade routes (roads)? 
7. Historical map 
8. MF3: Province of Overijssel with a part of the Zuiderzee, 1850 
This map was selected to find historical trade routes. However, it also contained a subdivision of Overijssel 
into three regions, and TP continues with this later on. Process steered by accidental map supply. 
9. Template 
10. Where are the canals? 
11. Plano2: Overijssel new on the map 
12. And we got still a region Twente, and a region Salland and a northwest corner. What makes them 
 different? 
13. Let us have a look at the soil map for a small explanation. 
14. Plano3: Soil map of the Netherlands, sheet 3 
15. Where is the Holterberg? 
16. Plano2: Overijssel new on the map (juxtaposed with Plano3) 
17. ECag 
18. AGDF33: Agricultural businesses 
19. ECin 
TP was not satisfied with the search results and starts thinking about other topics. 
20. ECtr 
21. URL2: Road infrastructure in Overijssel 
22. WEre 
23. MF14: Proximity of green areas, 1996 
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Maps selected and used by TP1 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Template Topo 1 2:48 19 7 Yes TP started with model 
construction immediately, 
on the basis of the template 

Plano2 Topo 1 0:29 12 2 Yes Map selected because TP 
saw it lying there 

MF3 Topo 1 0:59 20 5 Yes  

Template Topo 1 0:10 4 1 Yes Use of template for further 
model construction 

Plano2 Topo 1 0:35 12 2 Yes Map selected second time 
as it was still on the table 

Plano3 Them 3 3:09 19 4 Yes Map selected because TP 
saw it while browsing 
through the supply of paper 
maps 

Plano2 Topo 1 1:12 19 3 Yes Reference map selected for 
the third time 

AGDF33 Them 10 4:05 17 7 No  

URL2 Them 2 1:47 21 4 No Map used to confirm the 
model already constructed 

MF14 Them 7 0:17 1 1 No Map not considered useful 
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TP2 
 
1. Template 
2. Looking at the map here: what do I find interesting; what questions do I ask myself? 
3. Physical features: soil and vegetation 
Instead of starting a search on the metadatabase, TP picks up the Bosatlas from the shelf and starts 
browsing, searching for the geographic map he knew was in it. 
4. Publ5: Central Netherlands 
5. Publ8: The Netherlands - Soils 
Because of lack of success, TP stops browsing and now starts searching the metadatabase. 
6. I would like to find a map, digitally or on paper, of the Netherlands, soil … or Overijssel is even better,   
 of course. 
7. Plano3: Soil map of the Netherlands, sheet 3 
8. My question was: How can we make some sort of overview of Overijssel for the soil types? 
TP finds this map too detailed and goes back to the map he discarded earlier. 
9. Publ8: The Netherlands - Soils 
10. Infrastructure and cities. Roads, railroads, waterways. Cities. 
TP goes back to the map seen earlier, when he was looking for soil information. 
11. Publ5: Central Netherlands 
12. What is the intensity of use of the motorways? 
13. Plano2: Overijssel new on the map 
14. Plano1: Overijssel new on the map, 2003 
TP was using this supply-driven map because it was hanging on the wall. 
Selection of the following three maps was imposed by the research assistant. 
15. Fold2: Regional Plan Overijssel 2000+. Planning map 2: Function map 
16. Fold3: Regional Plan Overijssel 2000+. Planning map 3: Nature policy map 
17. Fold4: Regional Plan Overijssel 2000+. Planning map 4: Impediments map 
TP goes back to the map that best meets his needs. 
18. Fold2: Regional Plan Overijssel 2000+. Planning map 2: Function map 
19. Publ17: The Netherlands. Physical planning. Urban nodes and main ports 
20. Railroads: intensity of use 
21. Fold2: Regional Plan Overijssel 2000+. Planning map 2: Function map 
22. Publ3: The Netherlands: Provinces 
23. MF1: The situation of the five main cities in Overijssel 
The last series of maps was retrieved on the research assistant's initiative. TP decides that the following 
maps best meet his purpose: 
24. Fold2: Regional Plan Overijssel 2000+. Planning map 2: Function map / juxtaposed with Publ3: The 
Netherlands: Provinces 
25. Cities 
26. MF1: The situation of the five main cities in Overijssel 
27. Fold2: Regional Plan Overijssel 2000+. Planning map 2: Function map 
Supply-driven selection of the last two maps, as they were still on screen or on the desk. 
28. Is it possible to find out something about the numbers of population in the five main cities? 
29. Publ9: Population density 
The research assistant suggested this map be consulted, but TP asked for population numbers. TP repeats 
his question and the research assistant thinks he has to produce a map. And so he does, on his own 
initiative. But TP only asked for population numbers. Besides, the map the research assistant generated 
already exists as an ArcGIS data frame. Because of all this, the newly generated map is not included in this 
list. In the end, TP used the map supplied to look up information about population density. 
30. ECem 
No suitable maps or data on this topic could be found in the metadatabase. Therefore, TP decides to browse 
through the atlas again, as well as through the pile of paper Plano maps.  
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Maps selected and used by TP2 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Template Topo 1 0:20 2 2 No TP started by consulting the 
readily available template 

Publ5 Topo 1 0:18 1 1 No Not the (soil) map TP was 
looking for 

Publ8 Them 3 0:08 1 1 No Map considered not suitable 

Plano3 Them 3 1:50 1 1 No Map considered too detailed 

Publ8 Them 3 11:02 9 4 Yes  

Publ5 Topo 1 1:21 4 3 Yes  

Plano1 Topo 2 0:29 1 1 No Map considered not useful 

Plano1 Topo1 0:29 12 3 No  

Fold2 Topo 3 1:34 12 4 No Map selection imposed by 
research assistant 

Fold3 Topo 3 0:13 1 1 No Map selection imposed by 
research assistant  and 
considered not useful 

Fold4 Topo 3 0:25 1 1 No Map selection imposed by 
research assistant  and 
considered not useful 

Fold2 Topo 3 0:12 4 1 Yes Map selection imposed by 
research assistant 

Publl7 Topo 3 2:38 13 5 Yes  

Fold2 Topo 3 0:18 1 1 No Map put aside for later use 
if there is no better 
alternative 

Publ3 Topo 1 0:38 2 2 No Map retrieved on research 
assistant's initiative 

MF1 Topo 1 0:58 2 2 No Map retrieved on research 
assistant's initiative 
Considered not useful by 
TP 

Fold2 Topo 3 1:25 12 3 Yes  

MF1 Topo 1 1:10 2 1 No Considered not useful by 
TP 

Fold2 Topo 3 0:03 1 1 No Considered not useful by 
TP 

Publ9 Them 7 1:48 10 4 Yes Supply-driven map 
selection 
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TP3 
 
1. Physical information. Soil. Peat. Rivers. 
2. MF1: The situation of the five main cities in Overijssel 
3. More physical. River deposits. 
The research assistant suggested a look at the second map. He should not have stimulated a supply-driven 
map selection like this! He should have left it up to TP where to search for that information. 
4. MF9: Overijssel new on the map 
TP is disappointed about the first search results and tries another track: the paper maps. 
5. Plano2: Overijssel new on the map, 2001 
6. Plano1: Overijssel new on the map, 2003 
7. Plano2: Overijssel new on the map, 2001 
8. PG 
9. CD1: Landscapes of Overijssel 
10. Plano2: Overijssel new on the map, 2001 
TP starts browsing through the pile of Plano maps and selects: 
11. Plano7: Geomorphology 
12. Plano8: Generalized soil map 
13. Landscapes. Cattle-breeding. Agriculture > Land use > ENlu 
14. Publ10: The Netherlands: Land use 
15. ECin / ECsi > EC 
16. Where is how much of manufacturing industries, services, agriculture? 
17. Publ13: The Netherlands: Traffic / Transportation 
18. EC 
19. AGDF36: Spatial distribution of grazing animal farms 
20. Industry and services: What is most important where? Also in comparison with the Netherlands. 
21. ECin 
22. Publ11: Vitality of industries 
Within six seconds TP decides that this map is not useful and browses through the other seven maps that 
appear next to Publ11 on the atlas pages. Finally, TP ends up with two maps, which she consults 
successively: 
23. Publ12: Central places and service areas 
24. Where is the industry? 
25. Publ68: Development of employment in the service sector 
26. POmi 
27. MF11: Domestic migration 2001 per municipality 
28. PObd 
29. AGDF5: Absolute and relative natural growth 
30. Natural growth and migration 
31. For example, Which parts of the region show a population decrease because of an emigration surplus? 
32. AGDF5: Absolute and relative natural growth 
33. ECsi  
34. ECbu 
35. ECtr 
36. ECem 
Search actions on all these categories did not lead to an acceptable result for TP. 
37. WEpr 
38. Plano17: Urban service areas 
39. ECin 
40. Publ11: Vitality of industries 
Same thing happened as when TP consulted the same map for the first time: within seconds TP decides that 
this map is not useful and browses through the other seven maps that appear next to Publ11 on the atlas 
pages. This results in the consultation of: 
41. Publ69: Development of employment in manufacturing industry 
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Maps selected and used by TP3 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

MF1 Topo 1 0:28 1 1 No Map did not contain the 
info TP was looking for 

MF9 Topo 1 0:07 1 1 No Map retrieved at suggestion 
of the research assistant; TP 
decides that this map is not 
useful 

Plano2 Topo 1 0:11 1 1 No  

Plano1 Topo 1 0:07 1 1 No TP did not notice that 
Plano1 was more recent 
than Plano2 

Plano2 Topo 1 0:42 9 4 Yes  

CD1 Them3/ 
Exec 2 

1:00 1 1 No TP loses interest in this CD 

Plano2 Topo 1 0:17 1 1 No  

Plano7 Them 3 0:19 1 1 No Map does not appear to be 
useful 

Plano8 Them 3 1:30 2 2 No  

Publl0 Them 3 0:44 17 4 Yes  

Publl3 Them 6 0:23 12 3 Yes  

AGDF36 Them 4 1:00 17 5 Yes Map next to map TP 
originally looked for 

Publl1 Them 7 0:06 1 1 No Map considered not useful 

Publl2 Them 1/3 0:50 20 5 Yes  

Publ68 Them 7 0:58 20 5 Yes  

MF11 Them 3/7 0:54 17 4 Yes  

AGDF5 Them 
3/5/7 

0:58 18 6 Yes  

Planol7 Them 3/5 0:06 1 1 No TP concludes she has seen 
such a map before 

Publl1 Them 7 0:18 1 1 No Map consulted for second 
time, but again considered 
not useful 

Publ69 Them 3/7 0:18 21 7 Yes  
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TP5 
 
1. Relief. PGrl. 
2. Plano4: The Netherlands 
3. Major cities and commuting pattern, or migration. As TP thinks there is a close relationship between 

Almelo, Hengelo and Enschede. 
4. Where are the cities with more than 100,000 inhabitants? 
5. AGDF11: Number of inhabitants per municipality 
6. Where are the cities with more than 60,000 inhabitants? 
7. Where are the cities with > 100,000 inhabitants and those with 60,000 - 100,000 inhabitants? 
8. AGDF11 (adjusted): Number of inhabitants per municipality (reclassified) 
9. Migration and commuting patterns between the cities and the main transport routes 
10. POmi 
TP was not happy with the search results. 
11. ECtr 
12. URL2: Road infrastructure in Overijssel 
13. Commuting 
14. Map1: Number of incoming commuters per municipality 
15. Tourist areas. We have forest and we have water areas. 
16. WEto 
17. Template 
18. Publ14: The Netherlands - Attractions for recreation 
19. WEre 
20. Map2: Total area (hectares) for recreation (incl. parks, allotments etc.) per municipality 
21. Map3: Accommodation (total number per municipality) for overnight stays (excl. accommodation with 

long-stay places only)  
22. Map2: Total area (hectares) for recreation (incl. parks, allotments etc.) per municipality 
 
 
Maps selected and used by TP5 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Plano4 Topo1 / 
Them8 

1:56 10 4 Yes  

AGDF11 Them 5 1:29 4 4 No Existing map adjusted 

URL2 Them 2 0:53 4 2 No Not considered useful 

Map1 Them 5 4:17 15 4 Yes TP used this map to answer 
a question that cannot be 
answered with it 

Template Topo 1 0:18 17 3 Yes Template used to add water 
areas to the model 

Publl4 Them 1/5 1:42 10 3 No Map considered not useful 

Map2 Them 5 0:41 7 4 No  

Map3 Them 5 1:24 9 4 No  

Map 2 Them 5 3:00 17 3 Yes  
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TP6 
 
1. Where is the most dense population? 
2. Where people do live? 
3. Number of inhabitants. How the population is distributed over this map. 
4. Is there a town? 
5. Is there an urbanized place? 
6. Publ9: The Netherlands - Population density and population distribution 
7. Do you have a map with a larger scale on this region? 
8. AGDF6: Population density (people per km2) 
9. Transportation (roads / railways) "… to get an understanding of why do you have that or why do you 

have a place that is er …" 
10. URL2: Road infrastructure in Overijssel 
11. Railways 
12. AGDF43: Geographic map of Overijssel 
13. Where are the older people? Where are the younger people? 
14. MF16: The young generation (0-19 years of age) 2002, per municipality 
15. MF21: Aged people (65 years and older) 2002, per municipality 
16. General details about the region, like land use 
17. ENlu 
18. I want a map which shows some characteristics of the area. 
19. Publ1: Comprehensive Province Atlas 1 : 25,000 Overijssel 
20. Don't you have something with smaller scale? 
21. Plano1: Overijssel new on the map, 2003 
22. POin 
23. MF23: Socio-economic status 1995 
24. Why are people of high status living in the IJssel valley? 
25. Where are the areas for tourism and recreation? 
26. Social activities. University. Schools. Where can you find students? Where are the museums? 
27. Plano1: Overijssel new on the map, 2003 
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Maps selected and used by TP6 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Publ9 Them 7 0:53 4 3 No  

AGDF6 Them 7 3:42 10 4 Yes  

URL2 Them 2 1:12 4 3 Yes  

AGDF43 Topo 1 1:33 9 4 No Map suggested by the 
research assistant 

MF16 Them 7 0:15 2 2 Yes Consulted together with 
MF21 

MF21 Them 7 2:49 18 4 Yes Consulted together with 
MF16 

Publ Topo 1 0:43 2 2 No  

Planol Topo 1 1:53 20 7 No  

MF23 Them 7 6:05 19 6 Yes  

Planol Topo 1 2:42 4 3 No Supply-driven map 
selection: it was still on the 
table 
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TP7 
 
1. Physical geography 
2. What kinds of soils are there in Overijssel? 
3. PG (all categories) 
4. Publ6: The Netherlands - Geology 
The following maps are selected by just browsing through the Bosatlas. Supply-driven map selection! 
5. Publ7: The Netherlands - Geomorphology 
6. Publ8: The Netherlands - Soils 
7. Template 
8. Population. Population density 
9. Publ9: The Netherlands - Population density and population distribution 
10. EC 
11. What is the distribution of the composition of the economy in the three main sectors? 
12. AGDF21: Number of employees per industrial sector 
13. Relationship between number of jobs and the workforce per municipality 
14. Where does the population of Overijssel work? 
15. Number of people living in a municipality and working inside or outside the municipality 
16. Map1: Ratio between the number of jobs and the working workforce per municipality 
17. What are the names and locations of the population settlements? 
18. Publ5: Central Netherlands 
19. Map1: Ratio between the number of jobs and the working workforce per municipality 
20. Where is the provincial road between Zwolle and Twente? 
21. Publ5: Central Netherlands 
22. Landscape. Recreation. Tourism. 
23. WEre 
24. URL3.7.1: Some important possibilities for recreation 
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Maps selected and used by TP7 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

Publ6 Them 3 2:02 9 3 No  

Publ7 Them 3 1:13 18 4 No  

Publ8 Them 3 1:03 17 5 Yes  

Template Topo 1 1:41 18 5 Yes  

Publ9 Them 7 2:21 17 6 No Consists of two density 
maps with different 
aggregation levels 

AGDF21 Them 10 2:19 17 6 No  

Map1 Them 7 1:08 2 2 No  

Publ5 Topo 1 0:32 8 3 No  

Map1 Them 7 3:37 21 7 Yes  

Publ5 Topo 1 0:04 4 1 1Yes Supply-driven map 
selection, because this map 
was still lying on the table 

URL3.7.1 Them 
1/2/3 

1:31 19 6 Yes  
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TP8 
 
Note: This test person was the first one who was not allowed to make use of existing paper maps. 
 
1. Overview of the population. Map of population density. 
2. AGDF6: Population density (number of inhabitants per km2) 
3. Where are the big cities? (with names) 
4. AGDF11: Number of inhabitants per municipality 
TP wants to exclude all municipalities below 25,000 inhabitants (later on, 50,000 inhabitants). 
5. AGDF11 (adjusted): Number of inhabitants per municipality 
6. What is the growth of the resulting six big cities? 
7. AGDF9: Absolute and relative population growth 1998 compared with 1988 
While the research assistant was replacing a battery, TP noted a paper map of Overijssel hanging on the 
wall and briefly looked at it (supply-driven map selection again, in a session in which the use of paper 
maps was not allowed). 
8. Plano1: Overijssel new on the map 
9. Migration figures 
10. AGDF17: Net migration (foreign and domestic) in absolute numbers and as % of total population 
11. What are the origins and destinations of the migrants? 
12. No data available 
13. What is the population growth in Kampen? 
14. AGDF9: Absolute and relative population growth 1998 compared with 1988  
15. Infrastructure, like airports or main roads. Highways.  
16. URL2: Road infrastructure in Overijssel 
17. Template 
18. If there is an airport? 
19. TO 
20. AGDF43: Geographic map of Overijssel 
21. MF9: Overijssel new on the map 
TP added airport to his model. Then, without specifying a new theme or formulating a new geographic 
question, TP wants to have a look at a map with "an interesting title" he saw in the last list of search results. 
Typical example of supply-driven map selection.  
22. MF1: The situation of the five main cities in Overijssel 
23. Economic data 
24. ECem 
25. Map1: Unemployed workforce per municipality in 2001 
26. The problem is that I think I did something wrong as I took absolute numbers. Can I also get a 

percentage? Because, of course, there are more unemployed in the city where many more people are 
living. 

27. TP changes his mind: I would like to see if an area is based on agriculture or industry or services. 
TP considers the only existing digital map that resulted from the search too old. Therefore, he wants to 
generate his own map. 
28. Which sort of industry, or sort of employment, is most important? Per municipality. 
TP wants to combine information on the number of jobs in the four economic sectors in one map, but does 
not know how. That is why he produces a separate map.  
29. Map2: Number of jobs in agriculture and fishery as a percentage of the total number of jobs per 

municipality 
30. Add up industry and commercial services and make a percentage of that as well. And compare with 

Map2 so that I can see which are the more agricultural and the more urban areas. 
31. Map3: Number of jobs in manufacturing industry and commercial services as a percentage of the total   
 number of jobs per municipality 
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Maps selected and used by TP8 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

AGDF6 Them 7 1:25 10 4 No Not the map TP was 
looking for 

AGDF11 Them 5 1:10 10 4 No Existing map adjusted 

AGDF9 Them 5/7 3:30 18 7 Yes Juxtaposed with the 
adjusted AGDF11 

Planol Topo 1 0:10 2 2 No  

AGDF17 Them 5/7 1:21 18 3 No Map does not provide the 
information TP wants 

AGDF9 Them 5/7 0:48 4 2 No Map consulted for the 
second time 

URL2 Them 2 1:49 12 4 Yes  

Template Topo 1 0:32 4 2 Yes Template used to decide 
what provincial roads are 
most important 

AGDF43 Topo 1 0:38 1 1 No Map does not show airports 

MF9 Topo 1 1:32 4 3 Yes  

MF1 Topo1 1:25 17 4 No Map used for confirmation 

Map1 Them 5 0:33 3 2 No Map considered not useful 

Map2 Them 7 1:40 10 5 No  

Map3 Them 7 3:03 20 10 Yes  
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TP9 
 
Note: This test person was not allowed to make use of existing paper maps. 
 
1. Map on geomorphology 
2. CD1: Landscapes of Overijssel 
3. Map on agriculture 
4. POoc 
5. AGDF21: Number of employees per industrial sector 
6. I want to see only agriculture. 
7. What is the percentage of people working in agriculture? 
8. Map1: Number of employees in agriculture as a percentage of the total number of employees per 

municipality 
9. Could I see the same thing for jobs in industry? 
10. Map2: Number of employees in manufacturing industry as a percentage of the total number of 

employees per municipality 
11. Is there a correlation between this map and a map on unemployment? 
12. Map3: Unemployed workforce as a percentage of the total workforce per municipality in 2001 
13. POgr 
14. AGDF9: Absolute and relative population growth 1998, compared with 1988  
TP wants to adjust the colours of the existing map. 
15. AGDF9 (adjusted): Absolute and relative population growth 1998, compared with 1988 
16. Where do how many tourists go to in Overijssel? What are the touristic areas of this region? 
17. Map4: Accommodation (number per municipality) for overnight stays  
TP first applied the dot density mapping method, as offered by ArcGIS. When he realized the dots were 
placed at random, he changed to the choropleth mapping method. 
18. Map4 (adjusted): Accommodation (number per municipality) for overnight stays  
When TP wanted to work on his model, he "discovered" the other geographic information provided by the 
template and started using it as a map, instead of as a framework for his model. 
19. Template 
20. Map4 (adjusted): Accommodation (number per municipality) for overnight stays  
21. Map2: Number of employees in manufacturing industry as a percentage of the total number of 

employees per municipality 
22. Map showing the number of outgoing commuters, because I want to check whether people working in 
 industries are working somewhere else. 
Wanted data are not available. That is why the following data were mapped: 
23. Map5: Percentage of incoming commuters of the total working force per municipality 
24. Postive or negative regional development 
25. Map3: Unemployed workforce as a percentage of the total workforce per municipality in 2001 
26. Employment in service industries 
TP: I am also doing this because the next step is that I want to do something with the transport routes in the 
region. I expect that the number of people working in commercial services is higher in municipalities where 
we have, for instance, big highways.  
27. Map6: Number of employees in commercial services as a percentage of the total number of employees 
  per municipality  
TP discovers a spatial correlation between the percentage of employees in commercial services and the 
location of highways. TP retrieves the latter from the template, used by him as a geographic map. Again an 
example of supply-driven map selection. 
28. Template 
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Maps selected and used by TP9 

 Map use 

Identification Type Time Highest map 
use task level 

Number 
of  tasks Model Remarks 

CD1 Them 3 7:20 21 5 Yes  

AGDF21 Them 10 3:08 18 2 No  

Map1 Them 7 0:44 3 2 No  

Map2 Them 7 2:01 10 5 No  

Map3 Them 7 2:53 19 5 No  

AGDF9 Them 5/7 2:41 18 4 No Colours of existing map 
adjusted and map titles 
added 

Map4 Them 4/7 0:37 3 2 No TP not satisfied with 
mapping method 

Map4(adjusted) Them 7 2:34 19 6 Yes  

Template Topo 1 1:00 18 4 Yes TP discovered template as 
geographic map  

Map4(adjusted) Them 7 1:02 10 4 Yes  

Map2 Them 7 2:54 10 3 Yes Map consulted second time 

Map5 Them 7 1:26 20 6 Yes  

Map3 Them 7 4:44 21 3 Yes Map consulted second time 

Map6 Them 7 0:43 18 3 No  

Template Topo 1 2:07 21 6 Yes TP uses template as 
geographic map 
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APPENDIX 7: FREQUENCY OF OCCURENCES OF COMBINATIONS OF MAP 
USE TASKS AND MAP USE ACTIVITIES  
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(Note: the data for TP10 and TP4 are shown in Figures 6.7 and 6.8 respectively) 
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SUMMARY: The use of maps in the exploration of geographic data  
 

 
Thanks to technologic developments, more maps are now produced and used than ever 
before. Furthermore, no longer do users always require cartographers to produce the 
maps for them. They themselves can generate the maps they need, for instance, through 
the World Wide Web, and have the map displays appear on the monitor of their computer 
system. Cartographers are now supposed to incorporate their knowledge and expertise 
into the mapping software that is operated by the map users themselves. To better serve 
the needs of these map users, and to make the maps they produce as effective as possible, 
cartographers are also needed to carry out map use research.  
 
 
Problem definition 
 
This dissertation is about map use research in exploratory cartography. Exploratory 
cartography is a cognitive process in which maps are used as tools for discovery, to solve 
the problem of gaining insight into unknown geographic relationships. In the past, users 
had to rely fully on the static maps prepared for them by others (e.g. in the form of a 
paper atlas). Nowadays, with the widespread availability of geographic data, computers 
and cartographic visualization software tools, users are able to generate and / or adjust, 
just for themselves, the map displays they require to reveal geographic information 
hitherto unknown to them. Therefore, over the last decade it has been accepted in our 
discipline that exploratory cartography involves a high physical interaction of the 
individual user with, and the manipulation of, the map and the underlying geographic 
data, leading to private and ephemeral map displays on the computer screen. Cartography 
now indeed has the potential to be fully "demand-driven" instead of "supply-driven".  
 
Map use research has been executed since the 1950s. Two complementary types of map 
use research can be distinguished: more holistic, functional map use research, and 
perceptual and cognitive research. The results have been used to improve the functioning 
of maps. But the research, even the occasional usability research in exploratory 
cartography, has often been limited to the functioning of an individual, static or 
interactive map display on its own. What has been lacking is research in which not only 
the functioning of a given map is investigated, but also the complete process of finding, 
selecting, retrieving, adjusting or generating map displays in, for instance, an exploratory 
cartography environment. In other words, research into the cognitive processes that 
precede the actual use of a map display has been missing. This PhD research project may 
be considered as one of the first attempts to obtain more information about these "pre-
map-use" stages in exploratory cartography.  
 
The objective of this research was to investigate the selection and use of maps in the 
process of exploring geographic data, leading to hypotheses that could 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 make such products available to their users.  
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Method  
 
A case study was defined with a concrete objective and involving a concrete group of 
users − users who could, in principle, make use of a great variety of map types in 
visualizing a broad spectrum of geographic data. It encompassed a case in regional 
exploratory studies, one of the first stages in geographic research in which geographers 
try to gain insight into the geography of a region unknown to them. Such geographers − 
professional map users with different levels of expertise in regional exploratory studies − 
were chosen as test persons in this research project. The region selected for the case study 
was the province of Overijssel in the Netherlands. The test persons were asked to 
construct a schematic graphic model of the geography of this region, derived from the 
concept of chorèmes and based on the use of maps that they selected or generated 
themselves, with the help of a research assistant. For this, the test persons could make use 
of a database of Overijssel, containing digital geographic data prepared for visualization 
within the ArcGIS software environment, as well as numerous existing paper and digital 
maps. To make these items of a data-rich environment quickly and easily accessible, a 
metadatabase was also created. The goal was to create an environment in which the test 
persons could operate freely, without being "steered" by the available possibilities, i.e. a 
demand-driven instead of a supply-driven cartographic environment. 
 
In order to investigate the cognitive processes of exploratory cartography, use was made 
of a combination of qualitative research techniques centred round the think aloud method, 
a method hardly used so far in the field of cartography. The test persons were asked to 
think aloud during the execution of their task in a specially equipped experiment room 
containing a unique combination of hard- and software. The thinking aloud was recorded 
on videotape, together with the images of the test persons interacting with the maps, the 
changes on the PC monitor screen on which new maps were generated from the data in 
the database (or existing maps adjusted), as well as the changes on another PC monitor 
screen on which the test persons constructed their graphic models. These combined and 
synchronized video recordings were analysed and turned into verbal and action protocols. 
Parts of the video recordings were also discussed with the test persons in retrospect, in 
order to retrieve information about the cognitive processes not completely revealed by the 
thinking aloud. A questionnaire was used to obtain information about the characteristics 
of the test persons. 
 
The verbal and action protocols resulting from the think aloud sessions were analysed on 
the basis of a hypothetic model of geographic problem-solving derived from the analysis 
of the task in hand and from cartographic and (regional) geographic theory. The building 
stones for this model were obtained by making a distinction between the overall objective 
of the geospatial data exploration, the various map use tasks executed to meet that overall 
objective, and the map use activities undertaken during the execution of these tasks. The 
map use tasks are related to a hypothetic set of geographic questions with an increasing 
level of complexity. Other aspects of the required modelling were the categorization of 
geographic themes and map types in relation to the basic geographic questions to which 
these map types are supposed to provide an answer. The modelling culminated in the 
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combination of these building stones in a map use matrix and a map selection matrix. The 
combination of a map selection matrix and a map use matrix could be considered as a 
reflection of one segment of the process of geographic problem-solving. In such a 
segment one map is selected or generated and then used, whereas in the process of 
regional exploratory studies a number of maps will be used. On the other hand, the map 
selection and map use matrices should not only be seen as parts of the model of 
geographic problem-solving: they were also used as coding tools in the analysis of the 
recordings of the think aloud sessions. 
 
 
Results 
 
Indeed, completed map use and map selection matrices were one of the outcomes of the 
user tests. The other outcomes were completed questionnaires, graphic models produced, 
verbal and action protocols, and shorthand overviews of the geographic questions posed, 
geographic themes selected, and maps selected or generated. Analysis of these outcomes 
could lead to a wealth of information from which many hypotheses could be derived for 
testing in further research − even hypotheses beyond the scope of the objectives of this 
particular research project. Within the framework of this present research, however, the 
main results, to be confirmed in further research, can be summarized as follows. 
 
Exploratory cartography is not as interactive, private or demand-driven as assumed, at 
least not when it comes to regional exploratory studies. Here, the use of maps is very 
much of a supply-driven nature. Users − experts and novices alike − prefer to start 
their geographic data exploration with ready-made maps that are immediately 
available. They even prefer maps on paper and possibly combined into an atlas. Such 
maps are not selected on the basis of clear geographic questions. If users have a 
demand at all, and do not just browse through what is immediately available to them, 
the geographic theme is a more important selection criterion − no matter how that 
theme is actually represented. In the early stages of regional exploratory studies, users 
do not want to generate their own map displays, nor do they want to adjust existing 
ones or interact with them. The main reason behind the supply-driven nature of map 
use is the time factor. Map use in regional exploratory studies is a very quick process. 
Not only do users want to retrieve maps as quickly as possible, they also devote little 
time to actually consulting the map. They do not carefully consult legends; nor do they 
notice important aspects of, or relevant mistakes in, the data or the way in which these 
data are represented. Users are not cartographically aware, and do not know which 
map types provide the best answers to which geographic questions. Nevertheless, 
experienced regional geographers use the maps for confirming or rejecting their 
geographic hypotheses, as well as for executing high-level map use tasks. Novices use 
maps to come to grips with the task in hand, and mostly stick to elementary map use 
tasks. Users may postpone their interactive, private and demand-driven dealings with 
map displays until the later stages of their regional geographic studies. Therefore, and 
in view of the application potential of highly interactive cartographic visualization 
software tools, what was called exploratory cartography may better be called analytic 
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cartography, for application in a later stage in regional studies in which the main 
geographic characteristics have already been discovered, but need to be analysed 
further.  
 
For executing regional exploratory studies, geographers would first of all benefit from 
a coherent supply of ready-made map displays in atlas form, carefully prepared by 
cartographic visualization experts. If such an atlas comes in digital format, the maps 
should be quickly accessible. For an immaculate transition to the subsequent stage of 
analytic cartography, the atlas tool could well be extended by interactive and user-
friendly (cartographic) visualization functionalities and the possibility of linking to, or 
adding, geographic data. 
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SAMENVATTING:  
Het gebruik van kaarten bij de exploratie van geografische gegevens   

 
 
Technologische ontwikkelingen hebben het mogelijk gemaakt dat er nu meer kaarten dan 
ooit worden gemaakt en gebruikt. Bovendien hebben de gebruikers ook niet altijd meer 
kartografen nodig om de kaarten voor hen te maken. Ze kunnen de kaarten die ze nodig 
hebben nu zelf genereren, bijvoorbeeld via het World Wide Web, en laten verschijnen op 
hun computermonitor. Kartografen worden nu geacht hun kennis en ervaring op te nemen 
in de kartografische software die door de kaartgebruikers zelf wordt bediend. En om beter 
tegemoet te kunnen komen aan de behoeften van deze kaartgebruikers, en de kaarten die 
ze produceren zo effectief mogelijk te maken, zijn er daarnaast ook kartografen nodig die 
kaartgebruiksonderzoek uitvoeren.   
 
 
Probleemstelling 
 
Dit proefschrift gaat over kaartgebruiksonderzoek in exploratieve kartografie. 
Exploratieve kartografie is een cognitief proces waarbij kaarten worden gebruikt als 
ontdekkingsmiddel om inzicht te verwerven in nog onbekende geografische verbanden. 
In het verleden waren gebruikers daarvoor nog volledig afhankelijk van de statische 
kaarten die door anderen voor hen gemaakt werden (bijvoorbeeld in de vorm van een 
papieren atlas). Met de tegenwoordige beschikbaarheid van geografische data, computers 
en software voor kartografische visualisatie hebben gebruikers nu echter de mogelijkheid 
om, alléén voor zichzelf, kaartbeelden te genereren en / of aan te passen. Kaartbeelden 
die ze nodig hebben om geografische informatie, die nog onbekend voor hen is, bloot te 
leggen. Daarom wordt de laatste tien jaar in ons vakgebied aangenomen dat exploratieve 
kartografie synoniem is met een hoge mate van fysieke interactie tussen de individuele 
gebruiker en de kaart met zijn onderliggende geografische data. De bewerkingen van de 
gebruiker leiden tot niet permanente en privé kaartbeelden op het computerscherm. In 
potentie is kartografie nu inderdaad volledig "vraaggestuurd", in plaats van 
"aanbodgestuurd".   
 
Kaartgebruiksonderzoek wordt al uitgevoerd sinds de vijftiger jaren van de vorige eeuw. 
Twee complementaire typen kaartgebruiksonderzoek kunnen worden onderscheiden: 
meer holistisch, functioneel kaartgebruiksonderzoek en onderzoek op het gebied van 
perceptie en cognitie. De resultaten werden gebruikt om het functioneren van kaarten te 
verbeteren. Maar het onderzoek, ook het nu en dan al plaats vindende gebruiksonderzoek 
in de exploratieve kartografie, was vaak beperkt tot het functioneren van een individueel, 
statisch of interactief, kaartbeeld op zichzelf. Wat eraan ontbrak, was onderzoek waarin 
niet alleen het functioneren van een al aanwezige kaart werd bestudeerd, maar ook het 
volledige proces van het vinden, selecteren, ontsluiten, aanpassen of genereren van 
kaartbeelden in, bijvoorbeeld, een exploratieve kartografische omgeving. Dat wil zeggen, 
inclusief de cognitieve processen die voorafgaan aan het daadwerkelijke gebruik van een 
kaartbeeld. Dit promotieonderzoek kan worden beschouwd als een van de eerste 
pogingen om meer te weten te komen van deze aan het feitelijke kaartgebruik 
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voorafgaande fasen in de exploratieve kartografie. 
 
Het doel van dit onderzoek was het bestuderen van de selectie en het gebruik van kaarten 
in het proces van de exploratie van geografische gegevens. Dit moest leiden tot 
hypothesen, die kunnen worden getoetst in toekomstig kaartgebruiksonderzoek. Het 
uiteindelijke doel is om de onderzoeksresultaten te gebruiken voor de verbetering van de 
hulpmiddelen voor exploratieve kartografische visualisatie. Dat wil zeggen, zowel de 
kartografische producten als de hard- en software die wordt toegepast om dergelijke 
producten beschikbaar te maken voor hun gebruikers. 
  
 
Methode 
 
Er werd een "case" gedefinieerd met een concreet doel en een concrete groep gebruikers. 
Gebruikers, die, in principe, gebruik zouden kunnen maken van een grote 
verscheidenheid aan kaarttypen voor de visualisatie van een breed spectrum van 
geografische gegevens. Het betrof een case in exploratieve gebiedsstudies, een van de 
eerste fasen van geografisch onderzoek waarin geografen inzicht proberen te verwerven 
in de geografie van een gebied dat onbekend voor hen is. Het waren die geografen -
professionele kaartgebruikers met een verschillende expertise in exploratieve 
gebiedsstudies - die in dit onderzoek meewerkten als proefpersoon. De provincie 
Overijssel was de regio die voor de case study was geselecteerd. De testpersonen werd 
gevraagd om een schematisch grafisch model van de geografie van deze regio te 
construeren, afgeleid van het concept van zog. chorèmes en gebaseerd op het gebruik van 
kaarten die zij zelf zouden selecteren of genereren met behulp van een 
onderzoeksassistent. Voor dit doel konden de testpersonen gebruik maken van een 
database van Overijssel, die digitale geografische data bevatte, voorbereid voor 
visualisatie in de ArcGIS software omgeving, evenals talloze bestaande papieren en 
digitale kaarten. Er was bovendien een metadatabase beschikbaar om deze elementen van 
een datarijke omgeving snel en gemakkelijk toegankelijk te maken. De doelstelling was 
om een omgeving te creëren waarin de testpersonen vrijelijk zouden kunnen opereren, 
zonder te worden "gestuurd" door de beschikbare mogelijkheden, met andere woorden: 
een vraaggestuurde, in plaats van een aanbodgestuurde kartografische omgeving. 
 
Om het cognitieve proces van de exploratieve kartografie te kunnen onderzoeken, werd 
er gebruik gemaakt van een combinatie van kwalitatieve onderzoekstechnieken rondom 
de hardopdenkmethode, een methode die tot dusver nog maar nauwelijks is toegepast in 
de kartografie. Aan de testpersonen werd gevraagd om hardop te denken bij het uitvoeren 
van hun taak in een speciaal uitgerust onderzoekslaboratorium, met daarin een unieke 
combinatie van hard- en software. Het geluid van het hardopdenken werd opgenomen op 
videoband, samen met beelden van de testpersonen die met de kaarten werkten, de 
veranderingen op het computerscherm van de PC waarop de nieuwe kaarten werden 
gemaakt op basis van de data in de database (of bestaande kaarten geraadpleegd en 
aangepast), evenals de veranderingen op het computerscherm van een andere PC waarop 
de testpersonen hun grafische modellen construeerden. Deze gecombineerde en 
gesynchroniseerde video-opnamen werden geanalyseerd en omgezet naar geschreven 



197 

hardopdenkprotocollen (wat werd er gezegd en gedaan?). Met de testpersonen werden 
achteraf ook delen van de video-opnamen bekeken en besproken om extra informatie te 
verkrijgen over de cognitieve processen die niet helemaal onthuld werden door het 
hardopdenken. Een vragenlijst werd gebruikt om informatie te verzamelen over de 
kenmerken van de testpersonen. 
 
De hardopdenkprotocollen werden geanalyseerd op basis van een hypothetisch model van 
geografisch probleemoplossen dat werd afgeleid uit een analyse van de uit te voeren taak 
en van de kartografische en regionaal-geografische theorie. Bouwstenen voor dit model 
werden verkregen door het maken van een onderscheid tussen de globale doelstelling van 
de geografische data-exploratie, de verschillende kaartgebruikstaken die worden 
uitgevoerd om die globale doelstelling te bereiken, en de kaartgebruiksactiviteiten die 
worden verricht bij de uitvoering van deze taken. De kaartgebruikstaken werden 
gerelateerd aan een hypothetische reeks geografische vragen van toenemende 
complexiteit. Andere aspecten van de vereiste modellering waren de indeling van 
geografische thema's in categorieën en een indeling van kaarttypen, gerelateerd aan de 
fundamentele geografische vragen waarop deze kaarttypen worden verondersteld een 
antwoord te geven. De modellering culmineerde in een kaartgebruiksmatrix en een 
kaartselectiematrix. De combinatie van een kaartselectiematrix en een 
kaartgebruiksmatrix kan worden beschouwd als een reflectie van een segment in dit 
proces van geografisch probleemoplossen. In zo'n segment wordt er één kaart 
geselecteerd of gegenereerd en vervolgens gebruikt. Maar in het proces van exploratieve 
gebiedsstudies worden er altijd meerdere kaarten geraadpleegd. Aan de andere kant 
moeten de kaartselectie- en kaartgebruiksmatrices niet alleen worden gezien als 
onderdelen van het model: ze werden tevens gebruikt als coderingsmiddel bij de analyse 
van de opnamen van de hardopdenksessies. 
 
 
Resultaten 
 
Ingevulde kaartgebruiks- en kaartselectiematrices waren inderdaad een van de uitkomsten 
van de gebruikerstesten. Andere uitkomsten waren de ingevulde vragenlijsten, de 
geproduceerde grafische modellen, uitgewerkte hardopdenkprotocollen en verkorte 
overzichten van de door de testpersonen gestelde geografische vragen, gekozen 
geografische thema's en geselecteerde of gegenereerde kaarten. Analyse van deze 
uitkomsten kan leiden tot een overvloed aan informatie, waaruit vele hypothesen voor 
verder onderzoek kunnen worden afgeleid - ook hypothesen die buiten de doelstelling 
van dit promotie-onderzoek vallen. In het kader van deze studie kunnen de belangrijkste 
resultaten, die moeten worden bevestigd in toekomstig onderzoek, als volgt worden 
samengevat: 
 
Exploratieve kartografie blijkt niet zo interactief, privé en vraaggestuurd als werd 
aangenomen, tenminste niet in exploratieve gebiedsstudies. Bij deze toepassing is het 
gebruik van kaarten zeer sterk aanbodgestuurd van aard. Gebruikers, zowel 
deskundigen als beginners, geven er de voorkeur aan om bij hun exploratie van 
geografische gegevens te beginnen met kaarten die kant-en-klaar en onmiddellijk 
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beschikbaar voor hen zijn. Ze geven zelfs de voorkeur aan kaarten op papier, zo 
mogelijk bijeengebracht in een atlas. Dergelijke kaarten worden niet geselecteerd op 
basis van duidelijke geografische vragen. Als gebruikers al een vraag hebben, en niet 
zo maar wat "bladeren" door wat hen onmiddellijk ter beschikking staat, dan is het 
geografisch thema een belangrijker selectiecriterium – ongeacht de manier waarop dat 
thema kartografisch is weergegeven. In de eerste fasen van exploratieve 
gebiedsstudies willen gebruikers helemaal hun eigen kaartbeelden niet genereren en 
ook bestaande kaarten niet aanpassen of ermee interacteren. De belangrijkste reden 
voor het aanbodgestuurde karakter van het kaartgebruik is de tijdsfactor. Kaartgebruik 
in exploratieve gebiedsstudies is een zeer snel proces. Gebruikers willen niet alleen zo 
snel mogelijk kaarten tevoorschijn halen, maar ze nemen ook maar weinig tijd om de 
kaart daadwerkelijk te raadplegen. Ze bestuderen de legenda's niet zorgvuldig en ze 
bemerken noch belangrijke aspecten van noch relevante fouten in de data of in de 
manier waarop deze data zijn weergegeven. Gebruikers zijn niet kartografisch bewust 
en weten niet welke kaarttypen de beste antwoorden geven op bepaalde geografische 
vragen. Niettemin gebruiken ervaren regionaal geografen de kaarten om hun 
geografische hypothesen te bevestigen of te verwerpen en voeren ze er 
kaartgebruikstaken van hoog niveau mee uit. Beginners gebruiken kaarten om een 
beter inzicht te krijgen in de taak die ze moeten uitvoeren en beperken zich 
meestentijds tot elementaire kaartgebruikstaken. Gebruikers stellen hun interactieve, 
privé en vraaggestuurde handelwijzen met kaartbeelden wellicht uit tot latere fasen in 
hun regionaal geografische studies. Daarom, en indachtig de potentiële 
toepassingsmogelijkheden van zeer interactieve kartografische visualisatie software, is 
het wellicht beter om wat met exploratieve kartografie bedoeld werd, nu aan te duiden 
als analytische kartografie, voor toepassing in een latere fase in gebiedsstudies waarin 
belangrijke geografische kenmerken al ontdekt zijn, maar nog nader geanalyseerd 
moeten worden.  
 
Voor de uitvoering van hun exploratieve gebiedsstudies zullen geografen allereerst 
baat vinden bij een samenhangend aanbod aan kant-en-klare kaartbeelden in 
atlasvorm, zorgvuldig aangemaakt door deskundigen op het gebied van de 
kartografische visualisatie. Als zo'n atlas digitaal is, moeten de kaarten snel en 
makkelijk toegankelijk zijn. Voor een vloeiende overgang naar de volgende fase, die 
van de analytische kartografie, kan de atlas zeer wel worden uitgebreid met 
interactieve en gebruiksvriendelijke (kartografische) visualisatie functies en 
mogelijkheden om een koppeling te maken naar andere geografische gegevens. 
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