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Abstract
In the modern computing context, the map is no longer just a final product. Maps
are now being used in a fundamentally different way – as a self-directed tool for
deriving the desired information from geographic data. This, along with develop-
ments in GIScience and computer graphics, have led to the new field of
geographic visualization. A central issue is how to design visualization capabilities
that, as a process, facilitate creative thinking for discovering previously new infor-
mation from large databases. The authors propose the term ‘geobrowsing’ to
designate this process. A number of interrelated ways that visualization can be
used to spark the imagination in order to derive new insights are discussed and
a brief example provided. Based upon the cognitive literature, specific properties
of a visual image that promote discovery and insight are discussed. These are
known as preinventive properties, and include; novelty, incongruence, abstrac-
tion, and ambiguity. All of these properties, either individually or in
combination, tend to produce features that are unanticipated by the viewer,
and often not explicitly created or anticipated by the person generating the visual
display. While traditional (i.e. non-computer generated) images can also possess
these properties, as shown in the historical examples in this discussion, it is the
capability of the viewer to directly and quickly manipulate these properties that
provides the real power of ‘geobrowsing’ for uncovering new insights.
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‘Most researchers tend to rely on well-worn procedures and paradigms,
but creative discoveries, in both art and science, often occur in unusual
situations, where one is forced to think unconventionally.’ [p. 31]1

The changing nature of cartography
Maps have been used for millennia to record and convey geographic infor-
mation. They also correspond in some fundamental ways to how we
cognitively use spatial knowledge.2–4 The modern mapping environment
has been influenced by developments in closely related disciplines such
as geographic information sciences and computer graphics. Only recently
have developments in scientific visualization5 and information visualiza-
tion6 influenced this area, leading the new field of geographic
visualization or geovisualization.7 Such developments include the use of
non-cartographic devices such as the parallel coordinate plot and the
exploration of immersive technology. The links and differences between
the display of non-spatial and the display of geographic information has
been previously discussed by Fabrikant.8

Briefly stated, unlike the spatialization of information, which utilizes
spatial (i.e., graphic) displays to represent non-spatial data, geographic
visualization utilizes spatial displays to present information that is already
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intrinsically spatial. Geographic visualization is thus not
faced with making non-spatial information spatial while
also making the information more accessible in the trans-
lation. The visualization of geographic data utilizes the
same visual system that we use on an everyday basis to
directly perceive our environment. Maps are also a
frequently used model of our own environment, and
are very much an everyday and ordinary tool. As such,
we tend to see that we expect to see in maps, and often
do so without really thinking about the process. The chal-
lenge with maps, then, is how to utilize this common
form of spatial display in new ways that encourages
exploration and the subsequent discovery of novel
insights in geographic databases.

A number of studies have shown that simple maps can
be understood and used by children as young as 4 years of
age without any previous experience or training.9–11

Maps have also developed independently in cultures as
different and geographically far-flung as Europe and the
Middle East, Mesoamerica, and the Marshall Islands in
the Pacific. In modern western culture, we use them to
see what tomorrow’s weather conditions will be, where
we are in the mall, which subway train to take, and
how to find our way to a friend’s party or to Amsterdam.
We use them to see where things were in the past, where
things might be located in the future, and even the
spatial layout of hypothetical worlds.

Much of cartographic representation is also highly
conventionalized. Besides a complex and sophisticated
system of symbology, the placement of map features
within a professionally derived cartographic product is
often based upon precise observational measurement of
real-world features. Given some specified scale, map
projection, etc., the corresponding map features can be
measured, thus retrieving (to some level of approxima-
tion) the original real-world measurements as data.

Regardless of the mathematics involved, there are also
other, less-precise, rules of mapping practice that deal
with how to portray a given collection of information
in order to convey a specific overall message. The sizes
of the symbols used for specific elements, for example,
alters their significance overall as well as in relation to
other elements in the map. The choice of framing, the
orientation of the geographic space in relation to the
viewer, as well as the selection of the spatial area
portrayed, all similarly affect the overall message.12

Mapping is thereby a creative process for the person
designing the map. This is something that has been
emphasized in the past, within the dominant paradigm
of maps as a means of communication. Within this view,
the creator of the map designs the map, selecting
elements from a known and standardized system of
symbology, so that the intended message is accurately
conveyed to the map reader who can interpret the mean-
ing contained within the symbology. The map reader is a
passive receiver of information through a static medium.
By the very nature of this process, the information itself
has been pre-interpreted, and in the case of published

cartographic products, the creation process is in the
hands of trained professionals.

How maps are being created and used has changed
with the wide availability of computer mapping facilities
as stand-alone programs in GIS and in other software.
Mapping has become ‘democratized’, in that this capabil-
ity is available to anyone with access to a computer. In
this environment, the map reader is an active participant,
creating their own map whenever information is desired,
using them as a graphical tool for actively exploring vast
amounts of digital data. As such, mapping has become a
tool for thinking13 and maps themselves are often
ephemeral and transient. Instead of being a data storage
medium and communication tool, maps are being used
in a fundamentally different way; as an exploratory tool
for gaining new information and insight from large, digi-
tal databases. The map is not necessarily a final product.

The nature of maps
As with graphics in general, the entire mapping process
involves both a complex system of signs and ‘rules of
grammar’ as well as of overall arrangement within which
an overall portrayal is shaped through selection, transfor-
mation and arrangement. As such, the map has a dual
nature.14 It is a structure that is algebraic in nature, as
an assemblage of symbols of prescribed meaning ordered
according to a system of positional rules of interrelation-
ships. It is also a visual image with patterns of light and
dark, color, etc. The entire cartographic ‘process’, includ-
ing map compilation as well as map interpretation is
highly complex as a result. Certainly, the context of the
map, the meaning of the individual symbols and the
basic ‘rules of grammar’ must be known for the map to
convey the intended meaning to the person viewing
it.15 Thus, the map reader should be able to say: ‘Ah – this
must be a map of Pennsylvania, and I can see by this
particular linear symbol that a railroad runs through
here’. Map makers also realize that there are intangible
qualities of perceived reality that can only be conveyed
cognitively, utilizing the nature of the map as an image.
The use of reds and yellows to convey danger in the
intensity of thunderstorms in television weather maps
(as opposed to shades of green for milder rain) is an
example of this. Given all of these characteristics,
mapping, as a design skill, inescapably involves art as well
as science.

A crucial development in advancing the understanding
of how maps work, as well as visualizations of data gener-
ally, was the development of semiotics as a discipline, and
generally defined as the study of symbolic systems.15 In
particular, Bertin16,17 developed a theory of the nature
of map symbology and map sign systems. This was part
of the movement emphasizing cartography-as-science.

In stressing the ‘scientific’ approach in cartography,
the focus has been on the accurate representation of
information; portrayal of what is already known. An
unfortunate consequence of this approach is that the
use of the imagination in finding new information (i.e.
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new patterns and relationships) has been ignored, if not
actually repressed. With the adoption and extension of
Bertin’s semiology over the past 30 years, systems of
symbology have been codified, so that overall patterns
can be most effectively portrayed by the cartographer in
getting an intended message across to the map user.

The use of the imagination in published cartographic
portrayal has a long tradition, but has in large part been
left to the artist in recent decades. The map-as-metaphor
is one such ‘artistic’ form that is also a very powerful
communication form, stretching the ability to go beyond
the individual elements portrayed even further – beyond
the power of the map alone.

It must be noted here that the map-as-metaphor is very
different from the use of the map as a metaphor in other
contexts, such as the use of the map as a metaphor in
computer interfaces to help the user access data.8,18

Rather, the map-as-metaphor, or the metaphorical map,
visually superimposes non-geographic features or
elements onto a map that still depicts geographic space.

There are many historical examples that use the map-
as-metaphor in making various political statements.
One of the most famous historical examples is Leo Belgi-
cus (the Belgic Lion) as shown in Figure 1. This
metaphorical map consisted of the superimposition of a
lion onto a map of the lowland provinces. This was first
conceived around 1579, when the lowland provinces
(now The Netherlands and Belgium) were fighting for
independence from Spain. The lion appeared on the coat
of arms of almost every province, so in addition to imply-
ing lion-like strength, independence and dignity, it also
served to imply unity. Other examples are the many maps
on stamps, which are either just a decorative device or
indeed claim territory or emphasize the identity of a
country or region.

The combination of modern computing technology
and exhaustive digital coverage of the earth at multiple
scales is a particular form of cyberspace, blurring the
distinction between reality and a representation of it.
Of course, small-scale maps have always been an impor-
tant tool in constructing our perception of geographical
space of a scale beyond what we can experience directly
through our senses, such as our view on a global scale.
Although at one time a main purpose of world-scale maps
was to record and present known knowledge of the larger
world, they were also of necessity abstractions and simpli-
fications. Both types of maps are now being replaced with
what may be described as imitation of experience
through exhaustive coverages in cyberspace, complete
with realistic images and imagery.

The boundaries between direct and indirect experi-
ence of the environment is becoming so blurred that
it is becoming difficult in a cyber-world to distinguish
between the real and the created; past, present, or
future. But is that ever going to replace textual and
graphic representations of geographic space? The
answer is clearly no, because maps by definition are
symbolized abstractions of reality. Part of the power

of maps lies in their ability to abstract and provide
selections from reality that facilitate an understanding
of the selected features. Even though developments in
virtual reality in relation to geography are tremen-
dous,19 one can wonder when using (three-
dimensional) maps in such a virtual reality environ-
ment up to what level of realism will the maps be
effective. Nevertheless, maps need to change, as
mapping has already changed. We will always have
the need for simplified representations of reality in
order to comprehend its complexities. What we need,
then, is research into how maps can be best used as
visualization tools for exploring digital geographic
databases and as interactive aids in experiencing the
world, deriving decisions and solving spatial problems.

Computing thus represents both a need and an oppor-
tunity. There is a need for development of strategies for
appropriately using maps and related displays as tools
in the hands of the user for exploring virtual worlds.
There is also a major opportunity that the very different
medium of the computer provides for cartography in
providing these tools. Although digital maps (i.e.
‘computer cartography’) and GIS have both been around
for over 30 years, much of the emphasis during that time
has been in replicating paper map displays. It has only
been in the last decade that the map has also been seen
as a thinking tool to solve problems.

Visually sparking the imagination
In exploring how the map can best be used as a tool for
exploring virtual spaces rather than just as an informa-
tion-receiving device, the basic issue is how to ‘spark
the imagination’ via geographic visualization, and how
the user can guide this process. What should the user
be able to do with geographic visualization software?
What should they be encouraged to do? What should
they be discouraged from doing?

We are already instinctively using maps and other
forms of graphics to interactively explore geographic
databases and solve problems. We pan the map, zoom
in and zoom out, and change colors. All of these involve
‘playing’ with the map to allow latent relationships to
emerge. There are other ways of manipulating maps for
this purpose that we may not ordinarily do – turning
the map upside down or sideways, for example. Other
ways of aiding the map maker/user to see emergent
features and to allow computer mapping to truly become
an exploratory tool need to be investigated.

There have been many examples of scientific break-
throughs made through the use of conceptual
metaphors; relating the knowledge domain at issue with
a more familiar knowledge domain.20,21 Even though
the use of standardized procedures and models is consid-
ered a virtue in science and emphasized in university
graduate programs to aspiring researchers in a wide range
of fields, this can inhibit creative thinking. Adherence to
procedures in script-like fashion serves to facilitate
routine tasks, but the unthinking adherence to them
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can result in a delay in ‘breakthroughs’ and a continuing
acceptance of sub-optimal solutions to problems even
where better solutions exist.1,22 So, the question
becomes; how can we promote creativity and insight
and avoid the pitfalls of habitual thinking on a more
day-to-day level?23

An example
To illustrate the above reasoning let’s have a look at a well
known map and see if and how alternative visual perspec-
tives on the data might reveal new information and
change insight. The purpose is to demonstrate the effect
on creativity of alternative views on the data, while also
trying to distance ourselves from traditional techniques.
The map we have in mind is the ‘Carte figurative des
pertes successives en hommes de l’Armee Française dans
la campagne de Russie 1812–1813’, or ‘Napoleon’s March
on Moscow’ by Charles Minard from 1861. This map,
shown in Figure 2, portrays the dramatic losses of Napo-
leon’s army during his Russian campaign. He started with
an army of over 400,000 troops and returned with less

than 10,000, as is displayed by the width of the path.
For the return from Moscow additional information
related to temperature is included in a graph below the
map. Tufte24 claims ‘it may well be the best statistical
graphic ever drawn.’ He explains that the map is ‘a narra-
tive graphic of time and space which illustrates how
multivariate complexity can be subtly integrated ... so
gentle and unobtrusively that viewers are hardly aware
that they are looking into a world of four or five dimen-
sions.’

Minard indeed did a masterful job if we keep both the
tools available and his aim – to prove the senselessness of
war – in mind. In telling his story he took some liberty
with the data (both geometry as well as attributes),
however this is not uncommon among cartographers
presenting geospatial data from a particular perspective.
For instance compare the detailed representation of rivers
with the representation of the path of troop movements.
The path used for the retreat westward was the same for
long stretches as the advance eastward, but Minard
preferred to draw them separately for clarity reasons.25,26

Figure 1 The map as political statement, the Leo Belgicus; from Germania Inferior by Petrus Montanus, engraved and published in Amster-

dam in 1617.
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How has Napoleon’s campaign been mapped by
others? Many historical atlases portray the campaign
as a line or set of lines together with some battlefield
locations. However, it is interesting to note that in
several recent publications on ‘graphic tools’, Minard’s
map has been used to demonstrate how certain visuali-
zation techniques can be applied.27,28 The publication
by Roth and his colleagues is of interest because they
use the Napoleon data to demonstrate the capabilities
of a scientific visualization software tool called SAGE.
The maps in Figure 3 (a and b) are linked to diagrams
below the maps. In both diagrams, the horizontal axis
represents time. The vertical axis in the diagram of
Figure 3a represents the longitude, while the vertical
axis in the diagram of Figure 3b represents the number
of troops. Compared to Minard’s original map in Figure
2, the diagram in Figure 3a reveals that at Pollock
(located at the northern branch and circled in the
diagram) two battles took place instead of one. The
diagram in Figure 3b shows that Napoleon stayed for
a month in Moscow before returning west, information
not seen in the original map.

The above examples show that alternative views can be
revealing and clarifying. Environments in which such
graphics are presented need to be interactive and should
allow for real-time action. In this environment, the views
can be dynamically linked. In this way, the selection of
an object in one view can cause the same objects in the
other views to be highlighted.29 As such, relationships
not directly obvious from any of the single views become
apparent.

Let’s look at some other examples. Figure 4 presents a
three-dimensional view in which the height of the path
represents the number of troops. Temperature and battle
could be represented in three-dimensions as well. The
ability to manipulate the three-dimensional scene in

space is a prerequisite, since many interesting facts might
be hidden within such multidimensional data. Figure 4
shows a view from the south-west. If this scene were initi-
ally seen from the north-east, the blocks representing the
way back from Moscow would not be visible. However, a
tilting of the display by the user as part of normal inter-
action – like inspecting a newly discovered real-world
object in the hand – would quickly allow the hidden
elements to be revealed.

Figure 5 gives a snapshot in time, showing the location
of the troops at a particular date – 24 July 1812. The map
could be a single frame from an animation. Animations
are sell-suited to represent changes over time. However,
if the user has no ability to interact (e.g. stop, pause, back
up, go forward) much of the exploratory power of this
mechanism is lost. By manipulating a slider the viewer
can select a moment during the campaign, or perhaps
back up to take a closer look at something they think they
might have seen.

If we compare this map with Minard’s original, his map
gives an overview, while the map in Figure 5 offers a
better representation of the situation at a particular
moment in time. The viewer is not distracted by previous
or future moments in time. Alternatively, Minard’s origi-
nal map design could be animated. To focus on a
particular moment an option would be to gray-out or
make transparent the part of the path that has been
traversed.

Figure 6 presents a space-time cube in which the x and
y axes represent the geography and the z-axis represents
time. Again this solution would greatly benefit from
interactive options to manipulate the viewer’s perspective
into the cube. An additional option would be to have a
plane(s) that can be moved through the cube along any
of the axes to highlight a time period or location. One
could of course also change the type of data represented

Figure 2 Minards map from 1861 ‘Carte figurative des pertes successives en hommes de L’Armee Français dans la campagne de Russie

1812–1813.24
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along the axes and for instance create temperature vs
troops vs time. In theory, the space-time cube clearly
shows the relationships among the data along the three

axes. Unfamiliarity with these alternative three-dimen-
sional views might nullify a proper understanding,
however.

a

b

Figure 3 SAGE examples.26
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Graphics and visualization as a means of
understanding
What makes graphical images of all sorts particularly
effective for (a) portraying and subsequently retrieving
that information and (b) gathering new insights? Larkin
and Simon30 investigated this question empirically by
comparing individual performance in problem-solving
tasks using diagrammatic vs non-diagrammatic represen-
tations. They found that, first, information retrieval is
facilitated by the specific ways that information can be
grouped spatially. Second, spatial representation allows
the use of recognition mechanisms that are built into
the visual perception system and allow very rapid recog-
nition. Detection of spatial patterns and groupings is
hardwired into the human visual system. But what is it

about some maps, diagrams and paintings and even some
realistic visual scenes that sparks the imagination and
facilitates the derivation of new ideas while others do
not?

Finke asserted that images that spark the imagination
seem to possess novelty, incongruity, abstraction, ambi-
guity, and often some combination of these. He referred
to these as preinventive properties.1 A novel image is
one that contains a combination of components that
are composed in some unique or unusual way. All or
some of the elements could be rotated, be out of scale
with the surrounding elements (i.e. be smaller or larger
than expected), or portrayed in an unusual color. A
simple cartographic example is shown in Figure 7. With
the world shown upside down from the way people are

Figure 4 Three-dimensional view on Napoleon’s Russian campaign. The crossing of the Berezina River is highlighted (Source: ITC Cartogra-

phy).

Figure 5 A snapshot in time: Napoleon’s position at 24 July 1812 (Source: ITC Cartography).
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used to viewing it, the viewer is forced to – literally – look
at the world in a new way. In so doing, the shapes of the
continents is one thing that becomes consciously notice-
able. Incongruence in an image is the incorporation of
components not normally contained within the same
image. The unusual way that space and time have been
so seamlessly superimposed in the Minard map (Figure
2) is what gives that particular design its power in
conveying the intended message in such an effective
way. Ambiguity is the property whereby an image can
be interpreted in more than one way because of the inter-
relationships of its components. There are a number of
famous examples of ambiguous images, among them
the so-called Nackar cube – a wireframe of a cube posi-
tioned such that it is very difficult to determine what is
its front or back face. Depending on the design and the
particular geography at hand, a map can exhibit a similar
effect in determining which areas is the figure and which
is the ground.31 Figure 8 shows an example of this.
Abstraction is the property whereby details presented in
a normal environmental scene, such as color, shading
and the impression of three-dimensionality may be selec-

tively or in large part absent. Diagrammatic images have
this property. In the original Minard map, the spatial
movement of troops is shown in a greatly simplified fash-
ion, showing the vast majority marching in a single
column. The actual movement of troops was much more
complex and disjointed.

All of these properties promote what has been called
emergence. Emergence happens when features initially
unanticipated by the viewer, and often not explicitly
created or anticipated by the creator, are detected. In
other words, unexpected properties in the image emerge
as visual discoveries. There have been a number of studies
of this phenomenon and how it works.32,33 Both drawn
images and real-world scenes can have some combination
of novelty, incongruence, abstraction and ambiguity that
in turn results in emergence. What, then, is special about
imagery that makes it seem to be even more powerful in
sparking imaginative thought than real and realistic
scenes? There are two additional properties of drawn
images that make them a particularly powerful tool in
reflective learning and understanding; the ease of manip-
ulability, and the freedom from physical constraints.

Figure 6 A space-time cube of Napoleon’s march in Russia (Source: ITC cartography).
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Experimenting with a scene, image or figure is impor-
tant in making discoveries and deriving new insight.

Adding new elements, changing the relative positions
of elements or changing the perspective from which it

Figure 7 An inverted view of a world map provides a novel perspective.

Figure 8 A map where distinction between figure and ground is ambiguous (Derived from Mistrick31).
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is seen by rotating are all ways of enhancing image prop-
erties (novelty, etc.) that enhance the likelihood of
emergence. In the field of perception there is much
empirical evidence showing that certain patterns can be
interpreted as something different after some change or
manipulation.

A well-known cartographic example of this is the use of
figure-ground relations in a map to emphasize what is
important. The visual non-distinction of these is what
makes the map in Figure 8 ambiguous. In a conventional
world map, the landmasses have a darker tint than the
oceans, by design. This causes the landmasses to stand
out (as presumably being more important to the map
reader). The familiar shape of continents such as Africa
will be easily recognized. By reversing this figure-ground
relation and making the oceans significantly darker than
the land masses, the oceans will stand out. This is a novel
image and will result in the viewer perceiving unfamiliar
shapes, even in what would otherwise be a familiar image
– who knows the shape of the south Atlantic? We, in
effect, play around with it to see what emerges.

How we make the connections
Recognition of what properties in images promote
discovery is only half of the mechanism involved. The
other half is discovery of the cognitive processes at work
when we do this. Finke and his colleagues1 distinguish
between two kinds of processes; generative and explora-
tory. Generative processes are those that create
generative structures. Exploratory processes are those
that exploit the inherent properties in these structures
that promote creative discovery in order to provide
meaningful interpretations.

If there is no satisfactory result from one’s explora-
tions of an initially generated preinventive structure,
the generative phase is returned to again in order to
modify and manipulate that structure. The exploratory
stage subsequently begins again. This cycle continues
until a satisfactory result or insight is achieved, or the
initial preinventive structure is abandoned. This kind
of iterative creative process is what would occur in
locating a new bike path for a given city. The process
may typically include the use of physical maps to aid
the memory with the details of such a complex struc-
ture. Various alternatives can be visualized for a new
bike path relative to existing topography, etc. Then,
remembering that there is an abandoned railroad
right-of-way that runs through the area and knowing
that abandoned railway right-of-ways have characteris-
tic desirable for bike paths (i.e. are of necessity flat,
cleared of obstructions, of the appropriate width and
could be acquired inexpensively) the bike path solution
presents itself. Creative discoveries also frequently occur
quite rapidly, apparently without repeated generation
and exploration. This seems to be related to the
complexity of the problem or issue at hand.

Finke’s generative processes include memory retrieval,
association, mental synthesis, mental transformation,

analogical transfer and categorical reduction. A straight-
forward retrieval of existing structures from memory,
such as a recalled visual scene or phrase, is the most basic
generative process. Several scenes or phrases can also be
retrieved and then associated in novel ways.

A richer variety of preinventive structures results from
the mental synthesis of components from varying
memories and elements of one’s knowledge, and subse-
quently transforming the structure by rotating it,
rearranging various components, etc. Another form of
generative process is called analogical transfer, in which
the relationship or set of relationships in one context is
transferred into another. Analogical transfer allows prop-
erties on one, familiar, knowledge domain to be
transferred to another, less familiar domain.

Gick and Holyoak34,35 demonstrated this phenomenon
experimentally using a famous reasoning problem. Called
Duncker’s36 radiation problem, this problem involves
how to destroy a tumor using radiation without destroy-
ing the surrounding healthy tissue. The solution is to use
multiple low-intensity rays from various directions so
that they converge on the tumor and in sum provide a
total high-intensity dosage at the tumor site. In Gick
and Holyoak’s experiment, the number of subjects who
could figure out the solution rose from 10–80% after tell-
ing an analogous story about a general successfully
attacking a fortress by dividing his troops and having
them attack from different directions. It has also been
shown that analogical learning is facilitated when people
are encouraged to look at things from varying points of
view.37

The distance between the two knowledge domains also
determines how many properties can be mapped. If a
metaphor represents a mapping of two closely-related
conceptual domains, then the correspondence of proper-
ties is high. The greater the cognitive distance, the fewer
properties the number of properties that can be mapped,
but the greater the novelty (through novel correspon-
dences) and the greater the potential for new insights.

Nevertheless, there are two limiting factors to this
process – one is an intrinsic limitation and the other
can be overcome through visualization techniques. First,
no matter how abstract the concept, new understanding
and insight can only be derived by using our accumu-
lated experience and preexisting knowledge. Thus, no
matter how gifted and imaginative the individual, he or
she will not be able to grasp a concept that is too far unre-
lated to what they have already known and experienced.
Imagine one has to identify a country by its outline only.
Would someone from, let us say, South America be famil-
iar with the outline of Iceland? Our knowledge is also set
within a specific cultural context. Thus, the idea of a city
like New York or London would be very difficult for an
Australian aborigine of a hundred years ago to grasp. This
is also why myths are invented – to explain the unex-
plainable in familiar terms. In a cartographic context,
this includes the use of mythical figures on the earlier
maps of little-known territories.
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Second, there is the phenomenon of mental fixation or
mental blocking. Mental fixation is the focusing of one’s
selection of contexts, categories and elements of prein-
ventive structures to an overly-narrow range. This has
the effect of significantly diminishing the level of novelty
and the other attributes of preinventive structures that
promote insight and new discovery. Overcoming mental
fixation has led to the expression of ‘thinking outside of
the box’ in the corporate world to encourage creative
thinking. Mental blocking usually occurs when one solu-
tion or interpretation is suggested, effectively blocking or
interfering with other, alternative, solutions from coming
into one’s mind. There have been many empirical experi-
ments on word memory and problem solving that
demonstrate this phenomenon.38–40

It is also the particular lack of this constraint – in draw-
ing from broadly separated knowledge domains during
the generative process and avoiding constraints on
thought brought on by habitual thinking – that makes
for creative genius.41 This has the effect of maximizing
the utility of the knowledge and experience that one does
have in making insights and making what are effectively
‘leaps’ of insight. In a visualization context, presenting
the information in novel ways as part of playing with
the image is an obvious means of overcoming mental
fixation.

Conclusions
The idea of ‘geobrowsing’ as the authors have defined it –
using geographic visualization to aid knowledge discov-
ery in large spatial databases and to aid interactive
analysis and complex problem-solving – has been shown
in this discussion to be a potentially powerful tool. The
cognitive literature provides much guidance as to how
tools for geobrowsing should be designed, as well as for
other forms of visual knowledge discovery contexts. The
current discussion has provided only some brief exam-
ples. The authors have shown that there are some very
simple techniques in ‘playing’ with maps that promote
emergent properties in visual images; properties that
‘spark the imagination’.

These include some things that can easily be incorpo-
rated into cartographic software but at the moment are
usually not allowed, or are things that are made very diffi-
cult to do, as violations of cartographic convention. This
includes being able to easily turn the map upside down,
and playing with the representation of figure vs ground.
These are operations that are basic in image editing soft-
ware, such as Photoshop. Encouraging people to use such
capabilities within the cartographic context may be as
easy as promoting them. In other words, simply tell the
user that they are free to play! What things users should
be discouraged from doing is a much more difficult ques-
tion if the idea is to let the user explore. Certainly, if the
user’s purpose is to prepare a map for portrayal of a speci-
fic message (e.g. results of an analysis for a report), then
cartographic convention needs to be adhered-to. This
can be accommodated in software as two different

mapping modes; one for free-form exploration, and the
other where cartographic convention (and restrictions)
reign to guide the user toward graphical portrayal of the
intended message.

Future research should also certainly reveal some new
forms of cartographic representation that are very differ-
ent from maps that we are currently used to, and should
include use of haptics and the other senses. This is where
closer linkages between the geographic visualization and
(non-geographic) information visualization research
communities would help.

Computer displays have some constraints with the
technology commonly available at the moment.
Projected holographic images are not yet available, so
computer graphics are limited to flat screens with limited
choice in size, although virtual environments already
bring us a long way in that direction. The dynamic and
interactive capabilities of computer representation of
graphic images greatly enhance the potential capabilities
of the map as a tool for creative thinking in ways that
before were only possible via mental imagery: They
instantaneously create, modify and manipulate images.
Images can be set in motion and speeded up or slowed
down. And indeed whole worlds can be created that
would be physically impossible in the real world.

There are, however, a number of difficult challenges.
While specific aspects of creativity have been demon-
strated experimentally in various contexts, empirical
testing of the overall creative process for geobrowsing
has been recognized as a difficult problem.42,43 Slocum
et al.42 assert that addressing this problem requires a
two-pronged effort involving both usability studies and
cognitive testing. Usability assessment of software utilizes
engineering principles. Such assessment can be done in a
number of ways, based on specific variables; the expertise
of the user, independent or collaborative problem-
solving, maturity of the software product, etc. Cognitive
testing involves inference from observable phenomena
as indicators of what is something that cannot be
observed directly. Because of the complexity and time
consuming nature of deriving an overall picture from
weaving together the multiple threads involved in such
observational evidence, they advocate continuing
emphasis on theory-driven cognitive research within a
geographic context.

The primary challenge in understanding maps as repre-
sentations of geographic space lies in the inherent
melding of data, knowledge, and personal and cultural
perspectives. This melding is also intertwined with the
dual image/structure nature of maps, and it is certainly
more difficult to untangle than in textual descriptions
of geographic features of phenomena. Personal impres-
sions and interpretations are usually expressed in more
generalized terms than observational facts. Observational
facts, on the other hand, are frequently expressed in a
more detailed and concrete manner. This reflects how
people cognitively store knowledge. The dual nature of
maps and the complex web of symbolic devices from

Geobrowsing Donna J. Peuquet and Menno-Jan Kraak

90

Information Visualization



which they are constituted offers the capacity to inter-
twine objective data with subjective, cognitive
impressions in ways that at times may frustrate the
experimentor’s attempts to control interactions between
such elements.

While empirical testing of geovisualization and what
the authors have termed ‘geobrowsing’ remains at an
early stage, research into effective testing tools for geovi-
sualization and ‘geobrowsing’ continues.
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