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Abstract

This paper considers the developing role between VRML
and cartography and attempts to add context to it. It does
not intend to provide an exhaustive list of geographic
VRML applications. Rather it offers examples that
illustrate the range of types of cartographic representation
that have been developed, and illustrates that whilst
VRML could be considered an environment description
language model building is only part of the process of
representing spatial information. The relationship between
data and methods of presentation is emphasised which
can, in a broad sense, be considered cartography.
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Sciences J.4 [Social and Behavioural Sciences]: I.3.7
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1 INTRODUCTION

Virtual Reality (VR) provides an attractive and unique medium
for mapping, and the Virtual Reality Modelling Language
(VRML) supplies a standard for cartographers and makes the
medium extremely accessible. A whole host of cartographers and
spatial scientists have utilised the medium in a variety of ways
with varying degrees of ease and success. VRML has thus been a
popular and much-debated topic at recent meetings of the
International Cartographic Association Commission on
Visualization (ICA VisComm), a grouping approved by the ICA

in 1995.  This paper is, in part, a response to those meetings and
the papers presented at them. It is an attempt to assess the status
quo and point to the way forward by embedding VRML in a
cartographic context. It also aims to encourage communication
between those with skills in geographic representation who use
(or see the utility of) the specification and those with the skills and
influence to extend VRML functionality and so to bridge a
perceived gap between the groups.

A long and well-documented tradition of representing the spatial
organisation of the Earth exists in the field of cartography, which
has had a symbiotic relationship with the spatial sciences. The
range of products referred to as 'maps' is enormous. Maps may be
mental or tangible, sung, danced, and etched on either sticks or
compact disks. They may be designed for interpretation by the
eye, the ear, tactile means or a combination of our senses. With
such a range of products and media, identifying the common
characteristics that define 'the map' is a matter that is open to
debate. A broad definition notes that all convert multidimensional,
extensive and detailed properties of the spatial arrangement of
phenomena into a limited representation appropriate for a
particular purpose. In their popular and enduring volume
Robinson et al. [35] define the scope of cartography as a series of
three transforms between the geographical environment,
recognised geographical information, the map and the map image.
Their definition of the transformation from geographic
information to the map involves the processes of selection,
classification, simplification, exaggeration and symbolisation that
constitute a less broad definition of cartography that has received
much academic attention. These terms demonstrate the critical
series of procedures that go into developing an effective
cartographic product from geographic data and highlight the
processing, rather than replication, of information that results in a
map that is fit for use.

Representing 'reality' authentically is not a necessary objective of
the map though clear and believable (realistic?) representations
are usually desirable. Whilst some products provide a high fidelity
replica of the vista at a location others aim to extract the
information pertinent to the use to which the map will be put from
the confusion of the surrounding clutter. They may still take
advantage of the 'Real World' metaphor to aid interpretation.
Indeed a whole array of map products exists ranging from highly
abstract representations to extremely realistic ones. Paper based
examples that lie towards the ends of this continuum of 'degree of
abstraction' are maps using Herman Chernoff's [8] faces to show
the spatial distribution of statistical measurements [10] and the
landscape paintings of Eduard Imhof [15, 16] (Figure 1).
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Figure 1: The Continuum of Cartographic Realism/Abstraction



The former aim to take advantage of our skills at recognising,
remembering and comparing individuals by representing
multivariate data as a glyph showing a cartoon face. The
properties of features, such as length of nose, size of eyes and
degree of smile can be used to represent variation in different
variables. “People grow up studying and reacting to faces all of
the time. Small and barely measurable differences are easily
detected and evoke emotional reactions from a large catalogue
buried in the memory” [8]. By locating a number of faces on a
page it is argued that the spatial distribution of multivariate
information can be assessed. The latter are intricate and
naturalistic renderings of Swiss topography (e.g. Eiger et Moine,
Fig 238 [15]) displaying mastery of the art of hill-shading and
tinting to represent areas of varying and dramatic relief.

2 THE IMPACT OF VRML ON
CARTOGRAPHY

Cartography is a series of trade-offs: between a 'true' picture and a
chosen message, between clarity and clutter, between a map
designed for an individual and one designed for a wide audience,
between a desired representation and the human and production
cost and the media available. Whilst methods have been
developed to address these trade-offs, cartographers have not
necessarily been content with the widely used and accessible
paper medium. Thus techniques for extending the paper medium
into three dimensions are not new. Indeed Imhof [15] offers a
series of stereoscopic 'anaglyphs' to be viewed with the included
'lunettes speciales rouge et bleue'. Computer-based techniques
have evidently increased the possibilities for mapping and an
enormous range of software map products has resulted. The term
'visualization' has become a popular term to describe them.

 Faced with a series of very different products with varying aims
and objectives, MacEachren et al. [20] developed a typology to
provide points of reference for researchers discussing cartography
and visualization. Three continua were identified, along which
maps could be placed. By defining their location in 'application
space', the increasing variety of mapping products that took
advantage of novel media could be identified. In addition to the
real/abstract distinction MacEachren et al. [20] identified the
'level of interactivity' and the 'audience or purpose' of the map
product. The first of these recognised the levels of engagement
proffered by computer maps, the latter allowed distinction to be
made between maps that are designed by individuals, for use in
the private realm as tools for 'visual thinking' and those that are

used for presentation in the public realm. MacEachren [21]
formalised this thinking into the Cartography3 (Figure 2), which
he used to define the scope of 'cartographic visualization' as being
map products that were highly interactive, produced in the private
realm and used for revealing unknowns ('visualization' in Figure
2).

Initially these levels of interaction and types of representation
required powerful computing solutions [24]. Geographic
applications required extremely expensive specialist software (e.g.
[2]). A number of recent developments have changed the picture
considerably. The VRML specification and readily available
software for its interpretation have quickly made 3D
representations accessible to (almost) all. For example, since 1994
Ian Bishop [3] has become able to distribute 3D models to the
community and beyond (Figure 3). The mass communication of
interactive and realistic maps permitted by VRML has popularised
the realistic map and extended the abstraction continuum so that
more realistic representations are expected and can be produced
(see Figure 4).

Understandably, these new possibilities have resulted in a number
of excellent pieces of work that have produced representations of
the World beyond Imhof in terms of their realism. Just as
Chernoff [8] recognised that information processing can take
advantage of our familiarity with interpreting variation in facial
composition and expression, map-makers can utilise map-readers
navigation and observation skills in the three dimensional World
around them by presenting information as virtual worlds. The
sense of immersion that is a defining characteristic of VR can be
used as a powerful interpretative aid. One of the ICA VisComm's
points of reference was "to study the potential of three-
dimensional representation tools and the corresponding
implications of both three-dimensional display and the associated
general trend toward realism (versus abstraction) in scientific
representation". Recent ICA VisComm meetings have seen
VRML used to produce realistic cartographic products by Rhyne
[34] and Fairbairn & Parsley [11] (Delft, 1996), Moore, Dykes &
Wood [27] (G!vle, 1997) and Bishop et al. [3], Buziek & Hatger

Figure 2: Cartographic Visualization - MacEachren's (1994a)
[Cartography]3

Figure 3: VRML Model of a Section of Southern India,
(Bishop et al, 1998)

Figure 4: The Extended Continuum of Cartographic Abstraction
afforded by VRML



[6] and Rhyne & Fowler [34] (Warszawa, 1998), as shown in
Figure 5.

In addition to providing new ground beyond Imhof on the
abstraction continuum, VRML has importantly provided
cartographers with a tool that enables them to easily populate the
(Cartography)3 with interactive virtual Worlds that exhibit a range
of abstractions between and including Chernoff and Imhof. The
level of 'abstractness' or 'realism' of a map is not considered in
MacEachren's [21] model (Figure 2) demonstrating that
cartographic visualization is not just about authentic replication.

Gillings [13] noted that "VR can never be truly realistic" but that
VR worlds were more intense and concentrated than everyday
nature, in effect, "more real than real". The methods required to
concentrate, focus and provide tools for interpretation, to produce
representations that are "more real than real", have long been the
job of the cartographer, though with more limited media. For
example, Berann's realistic orthographic paintings of Alpine areas
for recreation, including skiing, are highly realistic, but do not
provide an authentic view. The artist includes information
required for navigation at the expense of other information and
skilfully warps the landscape to enable all points of interest to be
viewed concurrently. Imhof too used techniques to vary the
direction of light locally so that his maps reflected the topography
as desired rather than de facto.

Most of the applications outlined above deviate from reality either
by deliberately stylising, as is often the want of the cartographer,
or by taking advantage of the medium to enhance the virtual
environment for communication or visualization purposes. In
Figure 5 Rhyne & Fowler's [34] models drape an 'unseen' theme
on the topography and allow users to change the vertical
exaggeration of the model. Moore et al. [27] provide a 'virtual
GPS' with two way links between a more traditional two
dimensional map and the more realistic virtual world. Bishop et
al. [3] accelerate geological time periods. Buziek & Hatger [6]
provide much of this functionality plus the ability to measure
heights and distances in 3D.

VRML has also been used for more evidently abstract
cartography, where the models used are not replicating what is
seen in the environment and the processes of selection,
classification, simplification, exaggeration and symbolization [35]
are more apparent. Mitas et al. [26] show predicted spatial
distribution of erosion/deposition. The worlds produced by Project

Argus [31]from Bracken & Martin's [5] population surfaces
visualize an unseen density distribution with VRML providing
highly interactive representations. Martin & Higgs [23] produce
three-dimensional symbols to display attribute information about
property types at property unit level in Cardiff. At the most
abstract end of our continuum O'Malley [29] uses VRML to
produce an interactive, three-dimensional Chernoff map of the
Census districts of Westminster. Kate Moore's 'Urban Modeller'
provides an instance where the distinction between 'realistic' and
'authentic' becomes evident. Whilst the model is based on an
accurate survey of the buildings, and the look of the rendering
looks and feel of the navigation are 'realistic', the colouring
representing land use means that the model is not an authentic
replica of reality. However, elements of virtual reality such as the
sense of immersion, self-navigation, interaction, and predictable
behaviours are used to great advantage even though the fidelity of
reproduction of the real world is relatively low. In effect these
examples, shown in Figure 6, demonstrate how VRML is being
used successfully to distil the World and to make representations
of it "more real than real", as shown in Figure 7.

3 THE IMPACT OF CARTOGRAPHY ON
VRML

These efforts are examples that outline the potential of the VRML
specification for the developing field of cartographic
visualization. Due to some of the limitations identified in
producing them, and in order to have some influence on the
developing specification, a series of 'GeoFunctions' were
developed as a result of discussions at the ICA VisComm meeting
at Delft (1996). These had dual aims, to identify the requirements
for cartographic virtual worlds, and more specifically to highlight
perceived deficiencies of the VRML language for cartography.
They provided a flexible checklist of functionality that defined the
kinds of map product for which VRML might be used and formed
a basis for communication between the VRML and cartographic
communities with the intention of influencing the development of
the specification. Cartographic products and applications vary

Figure 7: The Potential Range of Cartographic Abstraction
afforded by VRML

Figure 5: VRML Cartography - Some Examples. Models by
Rhyne [34], Fairbairn & Parsley [11], Moore et al. [27], Bishop et

al.[3], and Buziek & Hatger [6] (top to bottom, left to right)

Colour figure reproduced in colour plate section and on
accompanying CD-ROM

Figure 6: VRML Cartography - More Real Than Real. Models by
Mitas et al. [26], Project Argus [30], Martin & Higgs [23],

O'Malley [29], and Moore et al. [27] (top to bottom, left to right)

Colour figure reproduced in colour plate section and on
accompanying CD-ROM



immensely and it is extremely difficult to produce a set of
characteristics that define and delimit their scope. Broadly, maps
tend to be structured representations of spatial information that
use their inherent form to represent spatial phenomena. Most use
the arrangement of symbols in space to represent some aspect of
space itself, though this paper has already outlined maps that do
not fall into this category. Researchers at the University of
Leicester including cartographers, VRML developers and spatial
scientists met in order to try to extract a series of functions that
differentiated virtual worlds for cartography from other VR
applications with the VRML specification as a basis. The result
was a non-exhaustive list of functionality that included a
GeoTransformation Node, Level of Detail Function, Relative
Coordinates and Orientation, 2D Object Linking, Surface
Interpolation and GeoReferencing of Drapes [28].

These ideas were part of a presentation made at the Carto Project
Birds of Feather meeting at SIGGRAPH '97, along with a survey
of visualization practice undertaken by the Carto Project and an
introduction to the ICA VisComm. The GeoVRML Working
Group [17] was initiated as a result of the meeting and ensuing
discussions. Subsequent work by Lee Iverson, Martin Reddy and
others has addressed some of the issues, and the QuadLOD Node
[32] and request for double precision floating-point values in
VRML-NG [33] are tangible results that have an impact on the
VRML that cartographers can utilise. The GeoVRML Working
Group appears to be a working mechanism for communication
between the two communities and generating feedback. As these
developments are used and more map products are produced with
VRML the precise requirements of the cartographic community
will be recognised more clearly by the GeoVRML group, the
VRML Consortium and cartographers themselves.

4 POTENTIAL ADDITIONAL IMPACTS OF
VRML ON CARTOGRAPHY

The applications outlined thus far demonstrate a small subset of
the possibilities afforded by VRML. If the relationship between
the VRML specification and the cartographic community
develops, a number of repercussions are likely to affect
cartography.

In addition to making more faithful replicas of reality, widespread
use of VR is likely to increase the utilisation and acceptance of the
following elements that VR can add to the cartographic domain:

•  Levels of user interaction exceeding those that are
currently used/ appropriate. Interaction is one of the key
components of applications that involve 'visualization'
and levels of interaction are likely to increase. We are
beginning to accept the use of multiple successive views
(with changing viewpoint, or symbolism, or information
displayed), tailored to the users momentary needs, to
facilitate navigation through information in the private
realm. Augmented realities that extend the notion of
'more real than real' and make map products 'more
useful than before' are likely to develop.

•  Possibilities exist for extending representations to take
advantage of multiple stimuli, sight, sound and touch,
even through desktop systems with little haptic
feedback. Spatialised sound  [36] is currently underused
in cartography.

•  Temporal functionality. Time referencing (Iverson,
1998b) using valid time [19] can be incorporated into

representations of temporal data sets. TimeSensor nodes
operating in system time can be used to create
simulations (e.g. [6]).

•  Dynamics, in the form of simulations and behaviours,
with awarenesses that are both inter-object and between
object and user.

•  Multi-user interactions and communication. Dodge et al.
[9] report upon  the development of  'true virtual cities'.
Roberts, at the Welsh School of Architecture, Cardiff
University, is developing multi-user spaces to encourage
community involvement in the urban design process.
Extending the work of Carver et al. [7] into multi-user
virtual environments is an evident next step.

•  New colour terminologies. A greater range of
possibilities for cartographic symbolism are now
provided than those originally identified by Bertin [1]
and extended by others as technology has advanced (e.g.
[22]).

•  Appropriate affordances, or traits of an artefact that 'tell'
us how to use it, will become an increasingly important
issue in interactive map design, to empower users with
the kinds of interactivity outlined above [4].

•  The portrayal of even more abstract phenomena in 3D
space. The wide range of digital data available to the
VR mapper might encourage creative and original
spatial interfaces to intangible spaces such as personal
conceptual spaces or web geographies.

The relative successes of such representations may have an effect
on data collection and perpetuate further changes in popular
cartography. Just as the much maligned but ever popular
choropleth has an enduring and symbiotic relationship with
enumerated data, certain representations may perpetuate certain
types of data collection which in turn sustain the representation.
The likely increase in the collection of digital data sets and the
impact of web technologies which are revolutionising the
distribution of geo-spatial data [30] may make certain types of
data and representation more popular. Data types such as GPS
data, store-card information and high-resolution aerial
photogrammetry and satellite remote sensing [25], are becoming
increasingly available and require appropriate visualization
products.

The combination of cartographic experience and the VRML
specification may help address a range of issues of concern to
those representing spatial information in three dimensions:

•  Navigation through 3D worlds is problematic when the
degrees of freedom of the pointing device do not match
the possibilities inherent in the scene. Effective 3D
GUI's are required.

•  The experience of 'becoming lost' is a familiar one,
particularly to users with limited experience of a 3D
environment. Navigational aids such as billboards and
linked views have parallels with map elements that
constantly indicate scale and orientation.

•  Perspective and viewing issues are well addressed by
VRML and depth cues such as haze, loss of detail and
hidden surface removal are standard, though other
aspects related to peripheral vision and fuzziness of data
are more difficult to address.



5 CONCLUSION AND WAY FORWARD
"Two people can be in a room and yet perceive it quite
differently… Our own lives influence the way we perceive
things… if something is of no interest to me, I don't see it." [12]

The argument for replicating 'The Real World' in the map, by
producing authentic versions of reality from which individuals can
extract pertinent information, is a strong one for use in a variety of
tasks. The cartography in such maps involves the selection of
information and provision of forms of interacting with it that are
suitable for the intended use. Cartographers have used VRML to
add interactivity to their maps and to explore the potential for
realistic representations that are 'more real than Imhof' with some
success. However, the language can also be used to produce
representations that are 'more real than real' as noted by Gillings
[13]. By doing so, VR can aid our perception of real World
phenomena just as cartography does by:

•  Removing unwanted clutter

•  Focusing on significant detail

•  Providing interactivity and manipulation of objects in
ways not available in the real World

•  Providing alternative, transient, user defined
representations of reality

The VRML specification has a number of exciting benefits. These
include the variety of nodes that can be used quickly and
effectively to model real world phenomena, the communications
possibilities, the potential for multi-user maps and the open nature
of the language (with extensions and additions possible through
the EAI and protos).

However, an apparent trade-off between realism and
speed/robustness and some difficulties in representing spatial data
with the VRML specification mean that extremely precise,
realistic, data dense models require significant improvements to
the VRML/browser combination. If cartographers are to use
VRML as an environment description and representation language
some issues still need to be resolved. The GeoVRML Working
Group appears to be an excellent way of achieving this and it is
hoped that advances that have been made in dealing with large
spatial data sets will be utilised, tested and improved upon by the
community. Currently it appears that abstract map products might
be more suited to VRML and it is hoped that the applications
listed in this paper demonstrate the range of cartographic
visualization that is taking place. This may not be the focus of the
GeoVRML group, which appears to be addressing the realistic
end of the realism/abstraction continuum and the first
transformation identified by Robinson et al. [35]. In addition to
the objective of a realistic "virtual world represented in VRML"
[18] it is equally important to permit and develop the use of good
techniques for representing and interacting with spatial
information in ways that correspond with the intended use of the
product. We still need to be able to map, as well as reproduce, the
World. This is true whether maps are designed to foster insight,
communicate a message, or both. Communication between those
with the skills and influence to develop and extend the
specification and those with experience of representing spatial
phenomena should continue. VRML may then provide an
accessible, effective and robust medium for visualizing and
communicating three-dimensional spatial information in ways that
take advantage of new developments in information technology
and span the range from Chernoff to Imhof and beyond.  Such a
situation would be to the mutual advantage of both groups and the
potential advantage of all of those who require such maps.
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Figure 5: VRML Cartography - Some Examples.

Models by Rhyne [34], Fairbairn & Parsley [11], Moore et al. [27], Bishop et al.[3], and Buziek & Hatger [6] (top to bottom, left to right)

Figure 6: VRML Cartography - More Real Than Real.

Models by Mitas et al. [26], Project Argus [30], Martin & Higgs [23], O'Malley [29], and Moore et al. [27] (top to bottom, left to right)


