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Abstract: This paper deals with the origins and cognitive background of cartography, wi-
th the cartographic legacy of the Second milienium, with changes during the last half
century and with the advantages of collaboration in science. Also it deals with basic
mapping and the development of spatial data infrastructres. Today map production is
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Introduction

Many observers outside the profession of Geomatics, still regard Cartography as the
production of paper-based maps to present spatial information. Thus, in this modern era
of computers, GIS, multimedia and the Internet, its viable future can be open to question.
This negative view may seem hard to deny, as the tradition - the human art and craft of
creating maps ~ has changed so much over the last forty years. Although not declaring a
direct challenge, the title of this paper anticipates some analysis of these changes and
the offer of a reasonable explanation of the subject today and its future directions. The
simplest response might be to ignore the obvious implication that the character of cartog-
raphy will be quite different in the future, and merely present a structured catalogue of
how new technology has always influenced map making. Most new maps will soon be de-
rived from some type of GIS, most likely via the internet, and therefore, ‘cartography’, as
the direct and overall creation of maps by human author-designers, will surely fade? Is the
word ‘visualisation’, through computing, the new son of traditional cartography, and thus
its saviour?

This paper takes a broader approach. Beginning with a brief review of how cartography
has evolved, it then attempts to look beyond mechanistic analysis and towards more fun-
damental issues of human ability and invention. This includes how we operate in our spa-
tial environment, and deal with related problems. These operations are primarily mental
but, probably, have always involved the creation of, and interaction with external physical
aids, such as real maps, ephemeral or permanent. Against this background we can then
observe the significance influence of ‘new’ technologies, and the dramatic changes in re-
cent years of both the provision of spatial data and the cartographic product itself, The
conclusion is that so-called ‘external’ aids {primarily maps) have been increasing in accu-
racy, complexity and sophistication throughout the history of cartography. Although the
planimetric map is the most common representative of this genre it has not been alone.
Other technigues, such as oblique views, block diagrams, cross-sections and transects
have been devised to help deal with special problems (e.g. related to military planning and
the understanding of geological structures) thus widening the diversity of traditional car-
tography-related tools. So instead of assessing cartography at the close of the millennium
as just a new batch of advanced technigues, it can be identified as the latest stage in the
evolution and utilisation of the human facility of ‘mapping’ which is characterised by active
perceptual-cognitive dialogue between the reader/investi- gator and a spatial thinking-aid
such as a map. Printed paper maps and their predeces sors may have been, primarily,
archival databases, presenting what was known, but they have also been available as
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sources for research and exploration for centuries. Modemn spatial visualisation tools,
however, offer awesome new extensions to the power, versatility and effectiveness of hu-
man ‘spatial-thinking’. At the threshold of the new age, therefore, we see the cartographic
devices changing. However new technological products need not replace all of the old {has
the jumbo jet replaced the bicycle?). Variety and flexibility of method will increase, offering
%reiter choice of product and level of technical sophistication to meet the appropriate
ask.

A retrospective view
Origins and cognitive background

The first maps were probably drawn to depict familiar local environments. Examples
such as ephemeral sand-drawings or more permanent rock engravings reflect the most
fundamental of human characteristics and processing abilities, spatial awareness and
spatial thinking. As explained by Piaget, the ability grows from early childhood and its na-
ture and effectiveness depend an both formal education and first-hand environmental ex-
perience. The general process of mapping has been described by Cosgrove (1999) as “..,
not restricted to the mathematical; it may equally be spiritual, political or moral... it in-
cludes the remembered, the imagined, the contemplated... Acts of mapping are creative...
moments in coming to knowledge of the world, and the (physical) map is both the spatial
embodiment of knowledge of the world and a stimulus to further cognitive engagements”.
Mental visualisation has proved to be one of the most powerful aspects of spatial think-
ing, exemplified by its sophisticated use by many famous scientists. However, as there
are clear limitations to the detail and precision of any data which can be held and manipu-
lated in the mind at one time, an external display is an essential component of the human
exploratory and analytical engine. The impulse to create a map, therefore, is the most
natural of human expressions and certainly more fundamental than communication by
written language.

The cartographic legacy of the Second millennium

Of course the theme of the paper is not meant to challenge common approaches to
the history of cartography, nor the ways in which maps have evolved and been classified.
Once the value of maps had been established, for data presentation, investigation and
discovery {a stage possibly achieved in some cultures well before the beginning of the
First millennium, AD) as well as the only acceptable form of pre-digital spatial database,
numerous categories {notably the topographic map) and applications emerged. National
maps became expressions of the power of the state, atlases reflected the pride and char-
acter of countries and regions and, especially in the west, many of these became viable
commercial products. There have now been over five hundred years of map printing, and
the map has become a real icon of our age and culture. With the need to conceive, com-
pile, design and produce maps of increasing variety during recent centuries, professional-
ism developed not only in those responsible for surveying and collecting spatial data, but
also amongst map designers and craftsmen. Naturally, much of the knowledge, skill and
expertise of cartography was acquired by the practitioners themselves. Unlike professions
such as Law and Medicine, the formalisation of cartographic education and training at a
more general [evel was slow to emerge and quite recent in age. This also applies to
courses, mainly within Geography, on the reading and interpretation of maps.

The underlying theme of this account is the constant human need to solve spatial prob-
lems, no matter how trivial, and that the visible external map was invented and has
evolved to help support this activity. Of course most people can survive on their personal
cognitive maps alone... most of the time, only meeting difficulties when tackling more
complex problems such as planning a road journey or navigating difficult mountain terrain.
Such tasks have led to the design and development of specialist maps. However even
these cannot be too sharply customised and are often criticised by individual users for
being out-cf-date, at the wrong scale, having insufficient detail for the intended task, or
having sheet edges which cut through the area of interest. While inconvenient, such flaws
are generally accepted as inevitable. In more serious scientific research, however, these
difficulties are unacceptable. Instead individual maps are created to meet the tightest
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standards of data accuracy and, where necessary, specialist devices, such as block dia-
grams, or even film-type animations have been created manually.

Changes during the last half century

When conventional maps were created manually and had to satisfy the needs of both
database and presentational tool, the result was generally an unhappy compromise. Also,
as the thought-processes of the searching mind move rapidly through a problem, manually-
created static aids to spatial thinking were just too slow and difficult to produce. The arri-
val of computer-based digital solutions in the 1860s were to change all that. There were
two responses to the availability of the new technology. First of all, those people who were
still conventional map makers, more concerned with map-making alone, substituted com-
puter tools for their old drawing instruments with most dramatic effects. Speed of compi-
lation and design was transformed and alternative creations could be offered with great
rapidity. However those more concerned with researching complex spatial problems involv-
ing decision support (e.g. derived from the comparison of numerous map coverages) saw
their best opportunities emerging from the structuring and manipulation of the data them-
selves, the preferred output not always being in map form. The result was Geographical
Information Systems (GlIS), the power of which derived from complete, accurate and timely
databases, and tools to manipulate their content,

The advantages of collaboration in science

Parallel with more recent developments in Geospatial studies, impressive innovations
were also taking place, in the late 1980s, in general science and engineering. Although
graphics and physical models had been used to support research into complex problems
{such as molecular structures) and very large datasets (such as the atmosphere), the new
power of computing to create visualisations was harnessed. The new movement of Visu-
alisation in Scientific Computing (ViSC) recognised the power of human vision for exploring
iarge datasets to gain understanding and insight. These computer-generated images were
not just static, but dynamically linked to their core datasets through interfaces which also
aliowed the user to interact dynamically by exploring the visualised data, virtually, in three
dimensions. Important meetings took place between scientists and cartographers in the
UK in 1990/91 and this led to high-level collaboration beginning in the mid-1990s in the
USA between the ICA Commission on Visualisation and the Association of Computing Ma-
chinery (ACM) Special interest Group on Graphics (SIGGRAPH). As a result cartographers
have benefited from new computing facilities while other scientists have tapped into the
historical wealth of cartographic technigues. This collaborative effort has been a real cata-
lyst in the development of new forms of spatial thinking tools, involving the latest tech-
niques of multimedia and virtual reality. During the quantitative revolution in Geography,
mathematics and statistics were believed to provide the best answers to problems. With
ViSC, and its geospatial equivalent, Gvis (Geographic Visualisation}, we come back to the
combined power of the eye and brain for exploration and analysis.

Cartography at the threshold

Although | have provided one way of assessing how cartography has evolved to its cur-
rent stage in 1999, a complete description of the state of the subject in the final year of
this millennium is beyond the intended scope of this paper. Not only would it have to in-
clude an inventory of mapping world-wide, topographic and thematic, but also an assess-
ment of the current extent of computer-based production, common products (sheet maps,
atlases and electronic products, on CD and on the Web} and the availability of map-ready
spatial data, at local and global levels. However some of these themes are briefly re-
viewed below.

Basic mapping and the development of Spatial Data Infrastructures (SDI)

Topographic maps, based on some common standards, still offer the best form of
description of the countries and regions of the world. Unfortunately, although good topo-
graphic coverage has been completed and is being maintained in certain areas, some
countries, notably in developing regions, are still poorly served. This decade has seen the
rapid promotion of the idea of spatial data infrastructures, associated with information
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networks and associated metadata and transfer standards. These initiatives are still un-
der development, but will depend, ultimately, on the nature and quality of national map-
ping. The value of SDI for an individual nation is obvious and the networks will develop
stage by stage. However the wider initiatives of Regional and even Global 5Dl are, in some
ways, much more urgent. The wider Global need arises with cross-border crises, such as
those related to catastrophic climatic events or voicanic activity. Then mapping and other
spatial information provision can be critical to the rescue efforts and rehabilitation.

Map production today

For almost two decades now increasingly friendly desk-top graphic and mapping pack-
ages have been replacing the traditional compilation and drawing environments in map
ping agencies and commercial companies. These continue to replace the older methods,
and practitioners, who cannot make the transition, are often lost to the profession. Fortu-
nately a new genre of map-makers has emerged. Years of experience with these new and
versatile computer systems are leading to a restricted but valuable professional group
which has transferred the ethos of old cartography onto a new digital piane. The new car-
tographic process is much more compact and certainly does not involve the extended se-
ries of stages and activities associated with previous conventional methods. Designs can
now be tested out and changed much more quickly, and the whole process of production
has been vastly abbreviated. The products of these new cartographers also differ from
those of their predecessors, ranging well beyond the printed map. Few maps are now pro-
duced in large stock numbers. Short runs to order, increasingly from high speed laser
printers, are more common, as are maps for muttimedia products or for electronic atlases
on CD-ROM or the Weh. Unfortunately many of these practitioners work alone (or linked by
email to each other) without an environment in which ideas can be shared and appren-
tices trained. The demise of readily-available formal training courses will lead to the dilu-
tion and eventual loss of the essential body of knowledge required to maintain the status
of the subject. Usable GIS packages have also grown in popularity but are associated with
certain shortcomings. Although they can be used for analysis and even map compilation,
their cartographic output facilities have been notoriously poor. It is true that the graphic
qualities of such products, when used privately between collaborating workers, can afford
to be fower than if designed as part of a public document. It has been observed that, as
with spreadsheets and word-processing packages, an increasing number of specialist
{non-cartographic) professionals are becoming competent in the use of cartographic pack-
ages and GIS. The increasing use of in-built intelligence {such as Microsoft ‘wizards™ or
name-placement software) can support the less experienced and raise the standards of
cartographic output to more acceptable levels of mediocrity. Linked to this is the need for
automated map generalisation. Of all the skills that are being fost to the profession, this
has been the most difficult to replace with intelligent software. Mapping from and within
the Web is another dimension of map use, with provision for both general societal needs
as well as for education and science. It is already possible to access web sites which not
only contain databases which are constantly maintained, hut also embody analytical tools
such as GIS, As data transfer speed across the Internet increases, the use of such ‘run-
time’ software in conjuction with databases will become more common and convenient to
the Vvisiting' user. Another database issue, still under development, is the derivation of
multi-scale and, hence, multi-purpose products from existing databases. All these activi-
ties are raising the status of mapping operations within society and making them more
ubiquitous. A likely and desirable outcome will be an increase in familiarity with maps and
of general map literacy in the population.

At the pioneering fringe of Cartography-as-spatial thinking  is the new field of Geo-
graphic Visualisation {Gvis). Here seemingly magic combinations of computing skill, prob-
lem analysis and innovative thinking are helping to create powerful pioneering tools for
scientific research. An example of this is an approach to the process of constructing
knowledge through structured exploration of large spatiotemporal datasets. This involves
use of Gvis and Knowledge Discovery in Databases (KDD) software*.

Although the future trend seems to be of increasing use of spatial thinking with the aid
of maps and map-based visualisation tools, | believe that not all this activity will be di-
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rectly user-driven. As explained by Rhind (1998), maps contain hugely differential methods
of abstraction and, until the unlikely stage when software exists to handle this necessity,
professional cartographers (perhaps a new breed!) will continue to provide a service to
both professional users and the general public. While interactive GiS-like tools can be ex-
cellent for the investigation of complex datasets, there are some tasks which can be
served best with a map, carefully compiled and designed by the application of human
skills and graphic sensitivity.

Conclusion

This paper has tried to identify a thread of continuity through the history of cartography.
Research into map design, map use and the perceptual/cognitive processes of human
interaction with maps suggests that rather that focussing attention on one prototypical
map type, we can think of ‘cartography’ as an integral part of the process of spatial think-
ing. Five centuries of printed static images have left their mark on our culture and, per-
haps made it more difficult to move on to the innovative and very different ‘cartographic’
tools of the present and future. Getting back to basics' may help us bridge the gap and
accept the new dimensions being offered by facilities such as Gvis. However | do not be-
lieve that each new technology need replace, in entirety, everything which has been used
before. Just as aids to travel today extend from the bicycle to Concorde or a jet ski, so
should the tools to support spatial-thinking remain as diverse as the tasks they are de-
signhed to support.

In conctusion, | believe that we have reached the threshold of the new millennium with
a richly diverse cartographic palette of techniques and technologies. | am also proud to be
part of the Intemational Cartographic Association which has within its energetic commis-
sions and working groups some of the leading international scientific forums concerned
with the cartographic sub-fields referred to in this paper.
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Resumé
Kartografia na prahu nového tisicroéia

V sicasnom cbdobi poéitadov, GIS-ov, multimédii a Internetu vela odbornikov z oblasti nachadza-
jacich sa mimo geocinformatiky (geomatiky) eSte stale nazerd na kartografiu ako na vyrobu papiero-
vych map, Co chrozuje jej Zivotaschopnost. Tento negativny obraz, ktory by sa mohol zdat Ze popiera
tradiény nazor na kartografiu ako na umenie a schopnost tvorby mép, sa ale za poslednych 40 rokov
znatne zmenil. Hoci nazov tohto prispevku nedeklaruje priamu zmenu, predpokiadd uréitd analyzu
tychto zmien a venuje sa primeranému vysvetleniu otdzky diia a jej buddcemu smerovaniu. Jednodu-
cha odpoved mbzZe ignorovat samozrejmé dosledky, Ze charakter kartografie bude v budicnosti cel-
kom iny a Ze iba zavedenie Strukturovaného kataldgu novych technolégii ovplyvni tvorbu mép. VaAEsi-
na novych mép sa bude Zoskoro ziskavat z GIS-ov, moino z Internetu a teda kartografia ako riadend
a uplna tvorba mép fudmi-autormi sa dplne vytrat? Vyraz "vizualizacia" cez poditae je nové dieta
tradiénef kartografie, a teda jej zachranca?

Tento prispevok podava Sirdi pristup. Po kratkej dvahe o tom, ako sa ma kartografia vyvijat, usilu-
Jje sa uvidiet za mechanistickou analyzou fundamentalnejSie problémy ludskej schopnosti a invencie.
Zaobera sa problémom né3ho pdsobenia v novom prostredi a s tym slvisiacimi problémami. Tieto
operdcie sU predovietkym mentélne, ale pravdepodobne vidy obsahujd tvorbu a interakciu s vonkaj-
Simi fyzikélnymi prostriedkami, akymi su redine {nestédle a stdle) mapy. Oproti tomuto pozadiu
méZieme pozoroval ddleZity vplyv "novyich" technoldgil a dramatické zmeny v poslednych rokoch tak
€0 do zabezpelovania priestorovych dat, ako aj ¢o do vlastného kartografického produktu. Zaver je,
Ze tzv. "externa" pomoc {primdrne mapy} mali stdpajicu presnost, kompexnost a kultivovanost po-
¢as celého vyvoja kartografie. Hoci je podorysnd mapa vo véeobecnosti najviac reprezentativna, nie
Je to jediny spdsob. 30 aj iné techniky, napr. blokdiagramy, profily a rezy, ktoré si uréené na &pe-
cidlne ciele {napr. pre vojenské zamery, alebo na pochopenie geologickych Struktlr), ktoré rozdiruja
rozmanitost tradiénych kartografickych pristupov. Na prahu nového veku vidime teda zmenu motta
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kartografie. Aviak nové technologické produkty nepotrebujd vymenit vietko staré (vari bol bicykel
nahradeny jumbo jetom?). Variabilita a flexibilita metdd bude vzrastat tym, 7e pondknu vaEsi vyber
produktov a tirovne technickej vynaliezavosti na plnenie potrebnych dioh.

Prvé mapy boli pravdepadobne kreslené a zobrazovali malé zndme prostredie. Kresby v piesku,
alebo rytiny v skale odréZali charakteristiky, ktoré beli pre ludi ddleZité, ale tieZ aj spracovatelskd
zruénost, priestorové vedomie a myslenie. Mentdlna vizualizacia sa stala jednym z uéinnych aspek-
tov priestorového myslenia, &o ilustrujd priklady jeho komplikovaného vyuZitia mnohymi slavnymi
uéencami. Impulz tvorit mapu je teda vaéimi prirodzeny fudskému vyjadrovaniu a rozhodne podstat-
nejsi ako kemunikacia prsanym jazykom.

Hodnota mép bola kedysi v zobrazeni dét, v badani, objavovani, ako aj v akceptovatelnej forme
predigitdine] priestorovej databazy, v pocetnosti zobrazovanych kategérii a v aplikaénych moZnos-
tiach. Statne mapy sa stali virazom &tatnej moci, atlasy odrdzali pychu a charakter krajin a regionov,
obzviast na Zapade, kde sa mnohé z nich stali Zivotaschopnym komerénym produktom. S potrebou
koncipovania, zostavovania, kreslenia a produkcie map so stéle vyS8ou rdznorodostou pocas tohto
storogia, profesionalizmus sa rozvijal nielen v zodpovednesti za namerané a nazhromazdené déta,
ale tieZ medzi mapovymi kresliémi a remeselnkmi. Prirodzene, Ze vela kartografickych vedomosti,
zrucnosti a schopnosti sa ziskalo samotnymi praktikmi. Na rozdiel od takych profesii, ako pravnické
a lekéarske, formalizacia kartorafického vzdeldvania a vychovy bola vo véecbecnosti faZzkopadna. To
sa tyka aj geografie, najma ¢itania a inerpretacie map.

Hoci beZné mapy boli tvorené ruéne a mali uspokojit potreby tak databaz, ako aj vyjadrovacieho
média, vysledkom bol zvy€ajne nesfastny kompromis. Nastup pocitagov v 60. rokoch vietko zmenil.
Tradiéni spracovatelia map zaali pouZivat pocitacové néastroje ako kresliace pomébcky na dosiahnutie
wyrazného efektu. Zmenila sa aj rychlost zostavovania a kreslenia a dostavila sa moZnost tvorby al-
ternativnych mép z tej istej databazy, resp z toho istého GIS-u.

Pbsohivé inovacie sa v 80. rokoch odzrkadlili aj vSechecne vo vede a technike. Hoci grafické a
fyzkéine modely sa pouZivali na podporu vyskumov, pocitaée sa zapojili a do ich vizualizécie, pricom
ponukli nové moZnosti. PoéitaCmi generovane obrazy uZ neboli len statické, ale pomocou dalSich
rozmerov ziskali virtudlnost (priestorovost a dynamiku). DéleZité boli stretnutia medzi vedcami a kar-
tografmi. Vo Velkej Briténii viedli k vySej drovni spoluprdce zaCiatkom a uprostred 90. rokov, v USA
sa rozvinula spoluprdca medzi Koemisiou vizualizacie ICA a Asociaciou potitagovych pristrojov (ACM) a
Specidlnou grafickou skupinou (SIGGRAPH). Této soluprdca bola katalyzdtorom v rozvoji novych fo-
riem priestorového myslenia.

Topografické mapy eSte stale pondkaju najlepdiu formu opisu krajin a regidnov sveta. Hoci je
svet dost dobre pokryty topegrafickymi mapami, predsa sa néjdu krajiny, obzvla5t rozvojové, kde je
mapovanie na nizkej Urovni. V poslednom desatroéi sa viak zrychlil postup zabezpeovania priesto-
rovych datovych infrastruktur (SD1). Tato snaha je este len v poiatkoch, ale rozvija sa v podobe n&
rodného mapovania ako regionélna, ba dokonca globélna inciativa. Globalne potreby vyplynuli najma
2 pohraniénych konfliktov a rdznych katastrofickych udalosti.

V kartografickych organizéciach boli v poslednych dvoch desatrodiach tradiéné mapovacie postu-
py a zariadenia nahradené poéitadovymi pristrojmi a technoldgiami. Stracajd sa mnohé mapovacie a
kartografické profesie. Objavili sa vS8ak nové kartografické postupy, umoZiujlce transfer starych kar-
tografickych spdsobov do digitdlnej oblasti. Nové kartografické postupy sd ovefa kompaktnejsie a
komplexnejiie, zlutujlice niekolko byvalych postupov. Kresha mdép je testovand a menena ovela
rychlejsie a proces vyroby mdp je ovela menej komplikovany. PoCetnost druhov map sa zvySuje.
Vznikli tplne nové druhy elektronickych map, atlasov na CD-ROM-och, alebo na Web-strénkach. Mapy
sa lah3le demon3trujd a fah3ie sa uskutoéhuje vyucba tvorby mdp. Ofakdva sa ndrast popularity Gis-
av, hoci je sprevadzany mnohymi nedostatkami. Hoci sa Gisy vyuZivaji na analyzu a zostavovanie
map, ich mapové vystupy si notoricky chabé. Tento trend napreduje vdaka tomu, Ze o mapavych
vystupoch z GIS-ov rozhoduji nekartograficki odbornici. Ale je to aj obraz nizkej Grovne programoveho
vybavenia mnohych pouzivanych softvérov. Podéiarkuje to aj potreba automatizovane] generalizécie.
Stratili sa mnohé profesie, ale nenahradili ich Ziadne inteligentné softvéry. Webovské mapovanie je
ind dimenzia vyuZitia map na vzdeldvacie a vedecké Glely. Je uZ moiZny taky vyber webovskych stra-
nok, ktoré nielen obsahuji databazu (permanentne aktualizovand), ale tieZ obsahujicu analyticke
nastroje, ako napr. GIS. Je Ziaddce, aby sa to odzrkadlilo na zvySovani mapovej gramotnosti obyva-
tefstva. Ako vysvetiuje D. Rhind (1997), mapy vlddnu obrovskym mnozstvom rozmanitych metéd ab-
strakcie, ktoré sluZia tak profesicnalom, ako aj SirSej verejnosti.

Verim, Ze zastihneme prah nového tisicrofia s rozmanitou paletou kartografickych technik a
technoldgii. Som tiez hrdy na to, Ze Medzinarodna kartografickd asocidcia sa svojimi &innymi komi-
siami a pracovnymi skupinami, ako aj organizevanim medzindrodnych vedeckych podujati sustreduje
na problémy spomenuté v tomto prispevku.
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