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ABSTRACT

in order o transfate the characteristics of gecgraphic data
imlo signs and sfgnals thal can be perceived from a
cartagraphic representation, one or mora fanguages
consisting of buiding blocks and refated syntatics are
required. Tha first language to be develped was a graphic
sign fanguags, niroduced by Berlin, His frameworl has
been adapted and axtended. L anguages far offrer sanses,
ke touch, heating, smell and tasta have besn proposed,
of ate Being inmvestigated In this paper it has been argued
that the overall framework iz continuously growing under
the influence af technological, concepiual and user-oriented
developmeants, Technological devefoprents in parifeutar
are rapid. For exampfe, they affow the representation of
gecgraphic data in virfual environments, which can be
axparignced tfrough multile senses. K cartographers want
lo play a role here, they should be willing to contribute io
furthar axtension of the framawork, wiich may never be
eompleta. In addition, current definftions of the concepts
‘rarography’ and ‘map’ have to be adapied. An example
of user-orientad devalopments s tha growing awaronsss
of different vpes of map use, ranging from presentalion io
analysisiexploration. Application of the sign language may
be different for each type of use, 50 the framework alao
needs furthar de velopment in this direction. Az an exampls,
research ideas with respect to the use of dynamic
visuafization varables in cartographic arimations for ax-
ploration purmosas ara included,

Introduction

Jdacques Bertin can be considerad as tha founder of an
important theoretical framewark regarding the
regresentation of geographic data (Berlin, 1267/1574). The
overall framewaork is about the translation of charactaristics
of gengraphic data inte signs ar signals Ihat can samehow
ke perceived by human beings. Baertin's 50}, e)miclogie
Graphique deals with a part of that framework: tha transla-
tiom into signs that can be visually percaived, and are mainly
meant 1o be used in 20, static graphics for presentalion

purppsss, The influance of this work has been
considerabla, and it inspired many carographers and
geographers o altempts to adapt and extend the ariginal
framawark.

in this paper same of the ongoing afforts o extend and
adapt Bartin's ariginal framewark will be dealt with first.
The scaps is limiled to maps, other graphics are not
considered. The paperthen focuses on atternpts {o extend
the framework for dynamic vizualization varables in
cartographic animations. Research plans of the authar and
some initial theughtes about those variables will be
presanted. Finally, a discussion on the extent of
cartographic involvement in the rapresentation of
geographic data by non-graphic signs or signals is
presanted, and some conclusions will ba given.

Ongeing construction of a theoretical
framework

Bertin {1967/1974) deserves credit for the introduction
of a graphic sign language in cadography. He proposed
seven variables as the building blocks of the language,
and syntactic rules to match the variables to characteristics
of geagraphic data. His work needs no further elaboration
hara, But it is clear that it can be considared as a solid
bazis for a more axtensive framework farthe raprasentation
af gaographis data by signs or signals in cartographics
rapressntations.

Extensions 1o the graphic variables are proposed by
several authors. They sometimes conzider the variables
as composites rather than primitives. The examplas
menticned below are provied by MacEachren [1995),
Marrisen - in 1974 - suggested to add cofour satiration.
Although saturation was mentianed by Bertin, he did not
separate it from hue. Most graphics soffware, however,
allows individual manipulation of all three aspects of calour:
hue, value {or lightness] and saturation. Caivana - in 1980
- found that texture has three aspects, all refering to varia-
tion in the texture elements: directionality {ratio of length
to width}, size and density. However, density {zs illestrated
in figure 1} more resemblas Bertin's variahle value.
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Figure 1. Exampls of the composite graphic variable texture, as proposed by Calvana in 1890 {after MacEachren, 1995)

Figure 2. Example of tha graphic variable pattern arrangement, as proposed by Maomison in 1974 {after MacEachren,
19%95)

Figure 3. Example of the compasita graphic variable clarity, as proposed by MacEarhran {after MacEachren, 1995)

90
CFC {N® 156 - Juin &)



MacEachran himzelf proposad paiftern as a graphic va-
riable 5t a higher level. Paitermns consist of alements that
have shape, orientation, textura, size amnd amrangameant.
Paitern arangement (or regularity; figure 2} was originally
introduced by Morrison in 1574, and added - togsther with
calour saturation - to Bertin's list of variables.

In 1992 MacEschren introduced focws (the shampness
of details) as a compasite variable. Later he ehanged it
inte cfamty ffigure 3). & consists of the variables crispness
{af symbaol edge andtor infill, in figure 3 only illustrated by
a wagua edga), resclstion (or level of abstraction of tha
base map} and trangparency {of an intervening tayar, giving
an Hlusion of variouws degroes of fog).

Adaptions o the syntactics are also suggested.
Moertizon's ning vatizbles wars matched to only twa dats
lewals: sither pominal ar ardinaltintervalratio. On the olhar
hand, he distinguished three degress of appmpratanass
for application of the variablas: useabls, ppssibla and im-
passible. The ‘possibla’ catagory was droppsd latar, in
1984,

Bazsd on hiz own research and an evaluation of the
findings of athers, MacEachren's syslam - a& proposed in
1995 - contains twelve variables which can be matehad 1o
nominal, ordinal or intervaliratio dala with three degrees
of appropriateness. In addition, he indicated the capability
of the variables to isclate data visually, and 1o distinguish
vizual lavels {figure 4}, In his classitication texture seems
better suited for naminal than for ordinal data, Perhaps
MacEachran's canception of texture deviates somewhat
from Bartin's. Mare surprisingly however, the variable size
is indicated as 'good” for the whole range of data, including
nominal level,

Cthar researchers have alse attempted to adapt elements
of the graphic sign language, sometimes Tor particular ap-
plications anly. And numarous people have applied it for
tha represantation of data, and even meta data, or data
quality aspects (e g van der Wal st al,, 1984, MacEachren,
1924a).

So far, reference has baen mada 10 sign systems which
are basizally designed for 20 raprosentation of data, If
applied to create 30 maps, the viewer may encounter
nterpretation prablems if the third dimensicn is simulated
on g 20 surface by depth cues. Examplas of depth cues
are perspective, colour, shading, texture, overlap, stc. A
number of them rezemble the graphic variables. Kraak
(1388} investigated whather the perception properties of
the grapghic variables still hold in 20 maps on screen. In
his experiments ha faund that depth cues had no positive
effect on inferpratation speed, they sometimes even slowed
down the processing. Tha effects on interpretation quaiity
varigd from positive, via not signifleant, to negative in-
fluance,

The =sign sysiems mentioned above can be used to
reprasant spatial and'temporal aspacts of geographic data
within the available spatial dimensions of 1ha paper or the
scraan. In carographic animations a tamporal dimension,
dizplay time, can be added. Within display time a number
of variables can be appliad to contral the animation. Several
so-called dynamic variables' figure 5) have besan
distinguishad {(Biase &t.al, 1992; MacEachren, 1984b)..
Attempts hawve bean mads to develop a syntactics as well,
but some questions rarnain o be answered (ses balow).

Characteristics of geagraphic data can alse be translated

inta signs or signals for other mades of percsplion than
sight. Vasconcellos (1993} tried to define the tactual
equivalents ol Bertin's graphic variabies for visually
handicapped people. She concluded that eslour (huefsa-
uratinn} is the only variable that cannot be applied, but
diffarant lextures can be used instead: .. with aqual value
far qualitative dala or with different values to express ardar’
{Vasconcelles, 1923, pp. B97). Elavation s an addilional
1actual variable, Similar syntactic rules can apparantly be
appliad as in the visual domain, Some comments can be
made. Texture “with equal value ' may be confused with
symbols consisting of elaments having diflerent shapes.
Furthermore, deformation of the fingsr skin is fundamental
for tactual perception, and the dagree and speed of
deformation are mainly influanced by slavatian, texture and
sharpness of the tactual symbels {Jansson, 1972).
Elevalian s commonly applied to diftersntiate batwaen
paint, line, area symbols and braille. Therefara, its use to
sxpress measurement levels of data is limited.

MaeEachren {1995} mentianes that sound variablas have
been proposed by Krygier. Most of them can be considarad
as sonic equivalents of the graphic and dynamic variablas
of the visual system. The related syntactic rules {laading
to an aural sign language) refer to tha represantation of
geographic data at twe leyels: nomina} and above nomi-
nal. Kimerling & Bucklay (1957) seem to attempl to even
further extand the framawork. They are conducting
experiments with choroplath maps to establish 1aste and
smell variables (which may uitimately lead to the establis-
hment of a gust=iory and olfactory lanquage). At the mo-
mentihese varisbles can only beused in hard copy maps,
but it may well be possible 10 use smell, and perhaps even
taste variables in a computer-generated representation of
gecgraphic data in the future,

The examples mentioned above are mainly limited to
Anglo-Dutch research, It is, however, nat intandad to
produce a complete overview of all attempts made to build
on Bertin’s work in this paper, but to show that the ariginal
frameweark has almost continuously been adapted and
extandad, This happened under the influance of tha sams
factors which according 1o Kraak & Ommeling (1998, pp. 2)
contribule to the * _changing warld of spatial data
handling...”: technolegical, conceptual and user-oriented
developments. Technological developments include those
in hardware, saltwara and in nelworks [ka the Internet.
New technigues and applications could be developed
based upan thesa, like 30 mapping, animation ate,
Examples of coneeptual developments are the recogni-
tion of camposits, and he delinilion of dynamic variablas.
User-oriented devalopmeants include the growing
awareness within the cartographic community of the dis-
tinction between map use for presentation fwhere the map
is supposed fo communicate kKnowns' 1o a wider audisnce),
and for analysis/exploratian [whera the map iz used as a
visual ol ta stimwate thinking, and the user tries o
discover ‘unknawns’). Applicalion of cartographic ie.
syntactic rulss may be diffarant, although thers may also
be rules which ean be applied to the whole rangse of map
uzé. Mactachran (19894) supgests that application of visual
logic in the translation of data is very important far
prasamtation, while visuzl cantrast seems to ke particularly
ralevant for axploration. Further research in exploratony
map Use, and in the cognitive aspects invelved in visual
informaticn processing, is required to gain more insight. In
figure & tha developing framewaork for the representation

' Since the term «variables implies change, or dynamics, the author prefars to refar to Lhe visualization process in which
the varizbles ara usad, and call thom dynamic sualization variables.
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Figure 4. MacEachren's proposal for an extended graphic varisble syntaclics. The variables have been rearranged
based on their sflectivaness for the different measurement levels {after MzcEachren, 1995)

Figura &. Nustration of the dynamic visualization variables (after DiBiasa et.at, 1992 and MacEachran, 1984}, Tha

highlighted frames of the sequences show the effact of the dynamic visualization varables
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Figure 5. A developing framewark for the reprasentatian of geographic data
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Figure 7. MacEachren’s syntactics proposal for dynamic variables, The variables have been rearranged based on their
effectiveness for the different measurement levels (after MacEachren, 1995)

Figure 8. A transformation of KO(«,0)bben & Yaman's syntac for dynamic variables (after KO(«,0)bben& Yaman, 1596)
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of geographic data is presented. The fact that the sign
language may work differently for presentation to the
‘outside’ world and for exploration to gain 'insights’ is also
represented. In the next section, an example of research
in map use for exploration will be given.

Proposed research on dynamic
visualization variables

Several dynamic visualization variables have been
distinguished (see above), and they are also applied in a
number of experiments. However, some questions remain
to be answered, such as: what are their characteristics
and relationships, what is the relation with the graphic va-
riables, how can they be successtully applied, and for what?
In an attempt to contribute to the extension of the theoretical
framework for the representation of geographic data,
research has been initiated in which dynamic visualization
variables are usad for a particular application: the monito-
ring of spatial dynamics. Many earth scientists are
interested in monitoring. This interest may stem from a
wish to understand processes, to interfere in undesired
developments, or parhaps to extrapolate to future spatial
situations. Monitering can therefore be used as instrument
in various kinds of decision making processes. The pers-
pective taken in the research is that of a domain specialist
- like an environmental scientist or planner - wha is involved
in the processing of spatic-tempoeral data for monitoring
purposes in a GIS-enviranment. The specialist wants 1o
reveal unknowns, and the visualization goal is exploration.

Spatial dynamics can be observed from changes in the
characteristics of spatial objects in time, and an obvious
way o visualize those objects in their spatial andtemporal
context is through animated maps or images. If a series of
slightly different graphics is displayed as frames in an ani-
mations at a speed of at least 24-30 frames per second,
the individual frames can no longer be observed, and
dynamic transitions are perceived instead. Animations
seem therefore very suitable for the representation of
dynamic phenomena. Users do not have to compare
individual displays of multiple time slices, and rely on
memory deduction to obtain an impression of the chan-
ges. The dynamics can directly be viewed, and visual
dynamics aftract attention. However, many changes may
occur in display time, and all over the display area.
Therefore, cognitive processing of the spatial dynamics
may be more difficult. It is likely that a viewer will miss at
least some of the changes. Not seeing in visualizations is
& common errar {(MacEachren & Ganter, 1990). The author
wants to investigate whether not seeing the changes in
spatio-temporal data can be reduced if the dynamic
visuafization variables are manipuiated - or used as real
design instruments - to contral the animation in display
time.

First, an attempt will be made to define the dynamic
vizualization variables in the context of the research, and
to determine their characteristics and relationships. Next,
animations will be produced in which the variables are
manipufated in several ways, and the ability of those va-
riables to assist domain specialists in the detection of spa-
tial dynamics will be tested. One of the results expected is
a methodology for the application of dynamic visualization
variables for the monitoring of spatial dynamics. This can

be considered as a contribution to the developing
framework described above. In addition, recommendations
for the design of functionalities (animation tools) that allow
domain specialists in a GIS environment to manipulate the
variables in ways that prove to be relevant are expected.

In & next phase, efforts will be directed towards the de-
sign and implementation of a prototype with functionalities
based on the recommendations mentioned abovs,
including the necessary interface. However, full applica-
tion of the functionalities depend on the timely availability
of a link between the visualization environment and the
(IS data base. It is beyond the scope of the research to
cover that aspect, but software vendors may well have
succeeded in providing the link by that time.

Some initial thoughts about dynamic
visualization variables

The dynamic visualization variables have been defined
by MacEachren (1995, pp 281-287) in the following way
(see also figure 5):

=g display date (or moment of display): the
time at which some display change is
initiated;

L order. the sequence of frames or scenes

{2 scene is a number of sequential
frames with no changes);

o duration: the length of time between two
identifiable states;

= frequency: the number of identifiable
states per unit time;

= rate of change: the difference in magni-

tude of change per unit fime for each of
a sequence of frames or scenes;

= synchronization (orphase cotresponden-
ce) : the temporal correspondence of two
of more time seres.

Synchronization refers to the possibility to run two {or
more) temporal animations simultanecusly, and shift them
in time so that patterns are in phase, and relationships
between data sets can be discovered (e.g. the pattern
between emission levels of pollution and the occurrence
of certain diseases may be similar, but may only become
clear if the time lag has been removed). The question avises
whether synchronization can be seen as a variable.
According to the definition, a variable should have at least
two identifiable states. Synchronized and its opposite, not
synchronized, hardly seem appropriate for a variable.
Phase (in phase correspondence) can perhaps be
considered as a variable (with the states in phase and out
of phase), but both synchronization and phase seem to
deviate from the other dynamic visuzalization variables in
at least three ways: they are dichotomies, two (or more)
temporal animation have to run simultaneously to apply
them, and it may require mere than just a shift in time for
relationships te become apparent {e.g. a change in the
temporal resciution of one of the animations). Therefore,
this author tends to consider them as analysis instruments,
and may disregard them in the ressarch mentioned above.

MacEachren (1995) has suggested a syntactics far the
dynamic visualization variables {figure 7).
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In a small expariment, Yaman attempted to link Bertin=s
perception properties to five dynamic visualization varia-
bles, synchronization was excluded (KO(«,0)bben &
Yaman, 1996). The idea was mainly to obtain a first im-
pression and 1o stimulate discussion. Not considering the
question here whether it is correct to assume that the
properties of the graphic variables are alsc exhibited by
the dynamic variables, his results have been transformed
o ailow comparison with MacEachren=s suggestions.
Bertin=g syntactic rules are used to matich the properties
of the variables to measurement levels (figure 8).

It seems, however, that these schemes cannot be used
in the same way as the ones for the graphic variables. The
measurement levels in figure 7 do not refer 1o attributes of
the dafa which have to ba represented, but to the effect of
the variable. For example, display date - according to
MacEachren (1995) - means that a phenomenan is on {ini-
tiation of a change) or off, and this is an effect at nominal
scale, 50 it is indicated as »good= at nominal level.
Synchronization (in or out of phase) is also an effect at
nominal level. Duration can be measured at an ordinal or
interval/ratic scale, and therefore these levels are indicated
as >good=. If we look al measurement levels of data,
however, it seams that the dynamic visualization variables
mentioned above can all at least be used for nominal and
higher than nominal levels. Some axamples will be given
to iliustrate this. i changes in the extent of a tropical
rainforest area have to be detected from an animated
sequence of maps, the data are at nominal level {forest or
some cther type of land use), and display date can be
used to show presence or absence of forest at various
locations in time. But in ancther animation display date
can also be used to show the initiation of a change from
medium to low vegetation indices (ordered level).
Synchronization can be used at nominal level to show the
similarity in the spatial distribution of some kind of pollu-
tion and the oceurance of a deseass in time, but aisc at a
higher level of measurement to show the correspondence
between the change from medium to low average rainfall
and changes in the vegetation indices. A longer duration
can be applied to frames if vegetation indices drop below
athreshald value (higher than nominal level), orif landslides
occur in the displayed area {nominal level). For the author=s
research, a link between types of spatiotemporal chan-
ges and dynamic visualization variables seems therefore
more appropriate.

Discussion

The advent of the Internet, with its potential for the
dissemination of data via the World Wide Web, allows us
to think about the use of signs and signals for the
representation of geographic data in cyberspace. Virtual
waorlds can be experienced through multiple senses. In the

Retfarences

most extreme case-of fully immersive virual environments,
sight, hearing and touch are currently possible, and in the
future it may well include smell. Taste may be mare difficult.
At the less sophisticated end of the spactrum, Web-pages
accessed on a normal PC currently address sight and
hearing, but extension to other senses can be expected.

Cartographers are currently most familiar with the
representation of geographic data by signs intended for
visual perception, and have limited experience with the
use of audio signals. Tactiie symbols have only been used
in the context of mapping for visually handicapped paople,
but they may have broader application possibilities in fulfy
immersive virtual worlds. Finally, only a start has been made
0 address the other two senses.

The question may arise whether involvement beyond the
graphics domain is still the cartographer’s business. There
seems o be no doubt about touch - at least if used for
mapping for visually handicapped people - given Taylor=s
definition of cartography of 1891: ‘the organisation,
presentation, communication and utifization of geo-infor-
mation in graphic, digital or tactile form...= and Board=s
definition of a map (1990): >a representation or abstrac-
tion of geographic reality. A tool for presenting geographic
information in a way that is visual, digital or tactile.= ( as
cited in Kraak & Ormeling, 1996, pp. 43).

Saound is by some carlographers already considered ‘at
the fringe’, and signs or signals {or the other two senses
are likely to be considered even further away from the
cartographic discipline. However, if the core business of
cartography is the representation of spatial data, and the
cartographic discipline wants to retain its role, the signs
and signals for aff senses have to be included. And
definitions of =>cartography= and >map= have to be
developed that go beyond the ones given above.

The following conclusion seems justifiable. Bertin’s
S0{  e)miologie Graphique, published 30 years ago, laid
the foundation tor a theoretical framework for the
representation of geographic data by signs or signals that
can be perceived by human beings. The framework is a
dynamic canstruction, it has been - and will be - extended
and adapted. The author, for example, wants to contribute
further to the dynamic pan of the framework, and other
extensions can certainly be expected as a response fo
technological, conceptual and user-oriented developments.
It may therefore never be finished. But ongaoing
development seems 1o be in the interest of aft those who
work with geographic data.
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