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Introduction

the tide of this book, Visualization in Modern Cartography, demands some
explimation. What cartographers mean by visualization and how we respond to
visualization developments outside cartography are critical to what cartography can
become as it moves to the 21st century. Cartography is at a crossroads, balancing
precariously  between links with geography and links with  other “mapping
scicnees”, between past (nditions and the “threar” ol geographical information
systems (GIS) 1o rephlace cantography as we know it, between the demands o be
proficient technologists who can build mapping systems and competing demands
to draw upon our cognitive expertise to evaluate whether the system we build will
work...and 1 could go on.

David Rhind, the Director of the Ordnance Survey in the UK, signaled the
demise of the paper map in his Cologne International Cartographic Association
ACA) address (Rhind 1993); a4 profound event for the discipline if (or should 1 now
sy Uwhen™ it comes o lraition. Over the past {five or six years, we have withessed
a dramatic ascension of visualization as an acceptable method of scientilic practice.
This development has been mirrored by an explosive advance in multimedia
technology that promises 1o deliver interactive visual/audio products 1o the public.
Map-making firms are already involved in the production of animated maps for

C ROM encyclopedias. In January 1994 1 oread in the local newspaper that

o
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Blockbuster Video (the largest video rental company in the US) is beginning to rent
CD ROMs as well as videos, and o recent newspaper had two articles on US effons
1o built an “information highway™ based on fiber optic cables. A least one spatial
infornution  provider is marketing a0 teavel information product that rans on
personal digital assistants (PDAs) such as the Apple Newton; if your PDA has a lax
modem, it will even fax your reservation o a selected cestaurant.

sential 1o consider

In this rapidly evolving scientilic/business climate, it seems ¢
the implications of mups as dynamic interactive spatial inflormation tools Gin
contrast with their more traditional role as static storage devices tor spatial data).
This move (o interactivity is o key theme duat diceads through the chapiers thaa
follow. While interactivity is not the central issue in every chapter, cach chapter
considers issues that arise when interactive access to spatial information (often by
non-cartographers) is possible.

As noted i the opening paragraph, (o produce a book about visualization in
modern cartography requires some attention to just what is meant when we use ihe
term Cviswalization™. The section dut follows  presents my  own Ceontinually
cvolving) thoughts on this question. An carlier dralt was circulated o all authors

for conmments Gin August 19930 1 invited responses and suggested that those who

cither agreed or disagreed with the perspective might use my essay as an anchor
(or target) for their own views, | reccived several insightlud replies (some of which

are recounted in the endnotes o this chapter).

(Cartography)?

Visualization through mapping has long been treated as a fundamental geographic
method. This point of view is iflustrated by Philheick (Phithrick 1953 11) who

w

submitted  that “not only is o picture worth a thousand words but the
interpretation of phenomena geographiically depends upon eisticilizetion by means
of maps” Guy  emphasis). Philbrick’s  perspective suggests that - cartographic
visualization deals with maps as geographic rescarch or spatial analysis tools.
Diiase’s more  recent  rescarch-sequence  characterization  of - cartographic
visualization  matches  this view (Diliuse 1990} sce also (Mackachren and
collaborators 1992) (Fig. 1.1).

Borrowing from the literature of both scientific visualization and exploratory data
analysis (EDA), DiBiase (1990) proposed  a framework  [or thinking  about
geographic visualization (GVIS) in the context of scientific research Gwith pacticatar

[

maps in o rescarch sequence. 10 defines map-hased scientitic visuadization s

attention o carth science applications).! s framework emphasizes the role «
including all aspects of map use in science, from initial data exploration and
hypothesis formulation through 1o the final presentation of results. Emphasis is on
re-establishing links between cartography and geography (as well as the carth
sciences in general) and on the role of maps at the exploratory end of the research
pracess. A key distinction made is that between maps o loster privaite visuel

thinking carly in the rescarch process and those to facititie  pubfic visual
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comnuntication of rescarch results: Following this approach, visualization is not «
new aspect of cartography, but o renewed way of looking at one application of

ool that bhalkinces  attention between  visuoal

arrtography  (as a0 resear
communication Gwhere cartographers have put much of their encrgy during the
past two or three decades) and visual thinking (to which geographic cantographers
ol the first hall ol the contury devoted considerable atuention).

John Ganter and T (tMacEachren and Ganter 1990, Fig. 7: 79) also incorporated a
suatlization

public—private distinction in our discussion o how “cartographic” v
tols might he applicd. 1o this distinction we added one between visualization
tols intended to acilitate scientific rescarch and those geared toward architectaral

and engineering applications (e.g. design of a building, highway, industrial paok, or

eoll course). As DiBBiase did. we linked the private use of visualization tools 1o
cxploring options and developing an approach o a problem. Our presentation and
Diiasce's both suggest that representation options e reduced  in number

(1

imately 1o a0 single view) as the public end o the visualization ool use

continuum s approached.

VISUAL THINESTRIE VISUAL
h COMMUNICATION

Exploration

Synthesis d

Presentalion

PUBLIC REALM

Fro. L DiBiase's depiction ol visaadization as i tool ol scientific researe
cunve depics the research sequence through which differenmt kinds ol gy
depictions play @ role. A e exploratory end ol the sequence, maps and other
praphics act as reasoning tools (Goed facilitwors of visual thinking). AU the
presentation end ol the sequence, the visua representations senve: prinvarily
communication function o a wider audience. Reproduced with permission from
se GO0, Eartl and Mineral Sciences, Bulletin of the College of tanly and

Mineral Sciences, The Pennsylvania State Unive
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ization

A complementiry pesspective on v relates to cartography has
heen offered by Taytor (1991 who locuses, not on how visualization tools are used
or who uses them, but on the place of visualization within various cartographic

rescarch approaches ol the past few decade

Taylor portrays visualization

occupying  center stage, as the meeting ground of  rescarch one cartographic

cognition, communication, and formadism Gwith “formualism™ being used to suggest

adherence o rule structures required when computer technologics are

the st

applicd) i 1.2). Te calls visualization “a field of computer graphics™ that
attempts 1o address both “analytical” and “communication™ issues of  visual
representation. By implication, then, visualizaion (for cartography) hecomes the

ipplication of computer mapping to analytical and communication issues of map

representition. Taylor stresses, however, that attention to computer fornalisny has

dominated the discipline at the expense of cognitive and conmmunication issues, He

contends  that research in all theee are

required  to support suceessiul

cartographic visualization

A primary difference between Faylor's perspective on visualization aned theu

[l

oltered by DiBiase C1990) or the one Gamer and 1 originally proposed (AacBachren

and Ganter 1990y s in the emphasis placed on technology supporting visualization

versus uses ol visualization. Taylor links v

valization directly 1o computer graphic

technology but doc

ization tool use to particular Kinds of

Formalism
(new compuler lechnologies)

11a. 1.2 Taylor's representation of visualization as the analgamation of approaches

10 cantography associated with cognition, communication, and the formalism of

computer  technologies. Reproduced with pe from Taylor (1991)

Geographic Informeation Systems: The Microcompider and Modern Ceartography.,
Pergamon Press
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application Ge. scientific rescarch). Both DiBiase and Mactachren and Ganter de-
cmphasize the technology producing the visualizations and concentrate on the
kind

visualis

ol uses 1o which they are pute Al authors, however, seem to agree that

tion includes both an anadysis/visual  thinking  component and  a
communication/presentition  component and suggest (oral feast ::_v:; that
communication is a subcomponent ol visualization.

Oone problem with the views on visualization  considered thus far is the
appropriation of communication under the umbrelta of visuadization. 11 visualization
includes both visual thinking and visual communication we might pose the

“

question of what it does not include (and some have done so). 1s “cartographic

visualization” simply a new name for cartography? Saying that visualization involves

computer graphics does not help much. I simply  equates visualization with

computer  cartography. While  Taylor drew  attention to  the links between
visualization and computer graphics, Monmonier and 1 ook this one step farther to
plice the cmphasis on changes in computer wechnology that have made reak-time
intcraction possible, We supgest not only i technological diffcrence in tools for
representation, but o “tundamentad™ difference in the nature of how analysts interact

with those representations:

The computer facilities direct depiction ol movement and change, multiple views of
the sime data, user interaction with maps, realism (hrough three-dimensional stereo
views and other wechniques), false realism Cthrough fractal generation of Lindscapes),
and the mising of maps with other graphics. text, and sound. Geographic visaalization
using our growing ity of computer technology allows visual thinking/map interaction
1o proceed in real time with catographic displays presented as quickly as an analyst can
think of the need for them. (Mactachren and Monmonier [992)

The increased potental for human-map interaction that has become possible
with current computer tools seems to be aeritical component of GVIS as it contrasts
with other kinds of map use. Fricdhofl and Benzon (1989) make o similar point for
scicentitic visualization in general,

As part of my cfforts 1o organize a4 visualization working group under the
auspices of the Map and Spatial Data Use Commission of the 1CA, Hound that the
variety of ways in o which visualization was  defined by cartographers made
discussion of the goals for a working group ditficult, if not impossible. In response

1o the divergence of views, T developed a graphic characterization of visuatization

to be offered as an initial organizing concept for the visualization working group.
e generally positive reaction to this characterization by a number of colleagues

at the 1CA mecting led to its use as a framework for linking contributions in this

book. The characterization is based on wreating cartography (or at least map use)
as atcube — thus the (Cartography)® heading for this chapter section (Fig. 1.3).°
To make sense of how “scientific™ visualization links with cartography, 1 start

with the view that “visualization”, like “communication™ is not just about making

maps, but about using them as welll As a communication approach has been

dominant in cartography (particutarly English language cantography) for at least two
decades, it seemed that any attempt to detincate the territory of visualization

daclitted by maps) would have 1o consider how it relates 1o communication
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on ----

i

izat

l

c=- visua

G, 13 (Cartography)® — a representation ol the ol map use and the
refative emphasis on visualizadon and communication at various locations within
this space. This representation deids, not with kinds ol naps, bue with Kinds of

nap use. Thus o particul:

category of map (e.g. e topographic map) might
occupy any position within the space, depending upon what o user does with
s or whal purposc.

(via maps). DiBiase’s view places communiction within the realm of visualization

(as one of four components of visualization tool use). Si
presents visualization as the integration of three cartographic rescarch streams. Both

« 3

perspectives, inessence, imply  that “visualization™ cquals “cartography” (with

communication a subcomponent of the whole), a view leading 1o the conclusion
that visualization offers nothing new. This conclusion, in turn, creates the potential
it on the

for the visnalization revoltition in science to pass us by, while we

sidelines thinking that cartography has done it all before,

The approach presented here defines visualization in tecms of map use trather
than in teems ol map-making or rescarch approaches o cartography). The
fundamental idea is that map use can be conceptuadized as a three-dimensional

e, This space i

defined by three continui: ) from map use that

s privale
(where an individual generates a map for his or her own needs) o public twhere
previously prepared maps are made avaifable 1o a4 wide audience); (2) nap use that

is dirccted toward revealing unknowns (where the user may begin with only the

(where the user
use that has h

mapes) in substantive ways — such
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attemipling to access particular

coul of looking for something “interesting™ versus

7

presenting knowns

spatial information); and (3 map
I human-map interaction Gvhere the user can nanipulate the

clfecting a change in a particular map being,

viewed, quickly switching among many available nuaps, superimposing maps,

merging nups) versus low interaction (where the user has limited ability to change

the presentation) (Fig. Lo,

There are no clear boundaries in this use space. ‘There are, however, identifiable

extremes. The space has the private

cnds of the continua meeting, in one corner and the public

and

axemplilied by map use
exempliticd by the fatter, Tnmy opinion, it is not interaction, private map use, or
scarch for unknowns that Gndividuoatly) distingaish visualdi
ol cartoy

I\
on - cnographic  communication
conmmunicate
hetween visualization and communication is sharp Gin fact, T think
tuzzier ¢

Visig

low interaction ends

iphy, it s

nt o be ok

zation

communication-oriente

v definitions, then, @

private

IC

publ

it combn

here on wh

I the time). Communication

particular messages. Similarly

NEP CAN SCIVe as a prompt o mental v

high

interaction
revealing presenting
unknowns knowns

use of Ferreia and
Wiggin's (1990)
‘density dul’ to
manipulate class break
points on a choropleth
map in an cffort 1o
identity and enhance
the spatial patterns.

wse of SimCity Lo allow
students to assess the
implications of public
policies -or- use ol
MOSAIC via the
Intetnel Lo give groups
ol scientisls shared
access lo interactive
simbuations

rs ol the cight ¢

use of a hypermedia
inteilace to access a
map colleclion - see
Andrews and Tilton
(1993) for discussion
ol a system designed
1o access the American
Geographical Society
Collection.

use, by a TV meleor-
ologist, of sketched
annolations to a
weather map (e.q.,
flow lines, position and
direction of the jet
steeam, ele.) while
explaining a storm
sitzation.

. reved

1 the former corner

m nol

ng

meeting at the other cormer. GVIS (as defined here)

1 cartographic communication

low
interaction
revealing presenting
unknowns knowns

use ol a 'cdosed’
graphic narrative
generated in response
10 a 'user prolite’ o
take a 'guided tour'
through a set of data
{see Monmoniet
chapter).

use of Pike and Thelin's
(1991) digitat terr.
nap ol the U.S. to
explore geomotphic
leatures and anomalics
at vanied scale.

cemes ol map use space de

ase ol a plal map lo
retrieve information
concerning size of fot,
rights-ol-way, etc. lor a
piece ol properly

use ol you-are-here
maps by the general

where they are ina
shopping mall and
how lo gel Lo
particular stores.

wid by the cube

of Fig, 1A Fach exemphar corresponds 1o a corner of the cube.

¢ unknowns, and high interaction

representing knowns,

is

15

tion from other areas

yving. [ do nol suggest that rescarch
relevant — many maps are designed o
. do ot suggest that the dividing line
becaming,
a component of all map use, even when
is the main object. Correspondingly, even the most mundane
walization, 1 view

a convenicnce that allows us to emphasize the difference
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in o Cind design principles) for maps whose primeny function is 1o facilitate
transfer of knowledge from a few people 1o many people, versus nips whaose
primary useis 1o helpindividuals tor small groups of individuals) to think spatially.

With respect 1o human-—-map interaction, no map use can take place without some

fevel of interaction Gilthouglhy at times this interaction might be contined (o visually
scanning the map). Inadditon, higher levels of interaction do not require

computers (e.goyou can draw lines of maximum gradient on atopographic map as

id 1o mentally visualizing the runofl pattern ol a drainage basin)., “Interactive

computer tools, however, expand the possibitities for “interaction™ with maps and

(thus the possibilities o facilitate visual thinking, perhaps in qualitative as well as

YUANHUVe Ways,

Whether the werms visualization and communication ¢and the continua used (o

define thenn are ultimately adopted by the discipline as 1 present them here is not

Bnportant.’ What counts is that cartographers hecome aware of the profound

ferences in goals Gwith the corresponding: differences in appre

o map design

nd evaluation of designs) that the distinction implics.

e DiBiases view tat o key part ol a0 visualization perspective on

citography is an increased atiention to the role of maps in private dat exploration

- thus to the role ol maps in rescarche Kiygier (1990 contends that this maps-in-

creating a fertile environment fora renewal of a “geographic”

ch emphasis is

of

cartography i which cartographers are as concerned with the multiple rolc

ps in geographic rescarch as they we with how well people understand
individual maps or map symhols, This shift in emphasis should draw canographers

closer 1o their geographic colleagues, alter several decades of - driltin

apart.,

Krygiers view is echoed by Tavlor (1093).

e geadually come 1o the condusion that visualization has implications (or
cantography that go beyond renewed atention o visual thinking and collaboration

with our

aphic colleagues Tor whom visy on tools ¢ be develope

These developments in themselves are signilicant, and 1T do not want 1o diminish

their importance. Bevond these, however, 1 think that GVIS can be o cartography

what GIS has heen o geography — o reinvigoration of an old, often taken for

nted

cipline whose relevancee is increasingly recognized outside the discipline

because it can help aekle important interdisciplinan: issuces.

Structure of the Book

Depending on vour perspective, visualization is cither o subset ol conmmunication,

the oppasite pole of o continuum ¢the other end of which is communication), or a

supersel that GE the qualifier e

ographic” added) just becomes more

cumbersome cquivilent to “cartography ™ As indicated in the above, | support the

a kind of map use. This is.

middle position. My cmplhiasis is on visualization a

should be considered as we

however, only one ol several contextual issue

explore the topic of visualization in modern Gutography.

To give v more complete picture of the implications of visualization for modern
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toptaphy, my introductory comments are followed by a scction (1he Context for

IS Developmenn that relates GVIS to our cartographic roots and o developments
m the broader arena ol spatial knowledge representation. Wood puts visualization

A0 historical cartographic context by presenting an argument that “visualization”,

it defined as the interactive use of maps to facilitate visuad thinking, has gone on for
as dong as we have made maps, In this essay, he introduces the notion that an

anderstinding of cognition (particularly of imagery) s essential as a basis for

eaploring questions of visualization in cartography. Peterson follows with specific

sues relevant to visualization. He considers development of the cognitive

countive

perspective within psychology and application of that perspective by cantography.

the links between “memtal

From this base he explore sualization™ and dynamic

zation tools designed to facilitate visual thinking. Artimo concludes the section
I plicing visualization development in a technological context that includes GIs
s what she defines as cartographic information systems (CIS).

Iwe e 1o use and design map based visislization systems, there e vty
ol Lctors that we must consider from: perspectives not previously required by a

ore sttic: cartography. The next section of the book: Issues for Tool Design:

fochnology. Symbolization, and Himan="Tool hiteraction, emphasizes threee such
Lictors, For cach, two chapters address complementiry topics.

Cattwright provides an overview of multimedia hardware and soltware as they

1o dyvnamic interaction with geographical infornution. Tle gives particular

Attention 1o the role of multimedia tools in the creation ol spatial decision-support

sstems, Slocum and coworkers follow with an assessment ol cight software

mments that can be vsed o develop exploratory scientific visualization

(ALY

tions, Their chapter combines  in:

appli el on the capabilities ol several

zation development 1ools with an approach to selecting or - designing

zation  softwuare (suited 10 geographic/cartographic applications)  that s

ol the specific software considered.

cnouph to outlast the “half-life’

POTH
It

color and sound. Computer-based GVIS cavironments (oday all use color. 1

1cktion 1o symbolization, two key issues were identilied for consideration:

malvsts tor studenms) are 1o generae maps on the _:, in response o database
queties, there will he no tme (even it the user had the expertise) to carefully

consider the design of cach map displayed. Interactive visualization requires much

more precise specification of cartographic rules than has been required by

traditional designers, Brewer provides a careful analysis of the issues involved

when linking color schemes o data categories and proposes aset of guidelines that

of individual

voadlow visualization system designers well as designe

communication-oricnted maps) o put the principles developed ino practice. A

the sonic

~econd symbolization issue that few cartographers have considered s

representation of dat, Paper niaps do not come with sound  effects, but the
hardware and soltware of visualization and multimedia environments miakes sound
adisplay ool that cannot be ignored. Krygier provides a brief review of the relevant

~onilication™ literature, describes a set of sonic variables analogous 1o Bertin's

vraphic variables, then offers several examples of how they might be used on nuaps.
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The sedion concludes with a pair ol chapters devoted 1o issues ol user
interaciion with visualization environmenis, Lindholm and Safahoski provide an

that borrows from the computer scicnee

approach to the design ol user interlace
literanme, hut adapts principles to the unique demands imposed by geographically
telerenced inlormation. MeGuinness provides anintroduction to- expert--novice
isstes that cartographers must begin 1o fiee as we design visualization tools tor
narrowly targeted user groups. She also offers o synopsis of an experimentl study
that demonstiates some of the likely expert=novice difterences in information
access demands, and how o empirically assess them,

Alter setting the context and presenting, some critical issues o consider i all
visualization system design, we move on, in Scection 3 CLinking ihe Tool 1o ihe 1se:

and  their

Prototypes and  Applications), 1o cemphasize specific GVIS ool

e deseribed and guidance is provided  on

applications. Prototype systems

designing visualization tools targeted to applications in environmental assessment,
cducition, and planning
The section begins with Maonmonier’s discussion of graphic narratives as o base

that facilitate environmental risk assessment.

lrom which to build visualization 1ool
Asche and Herrmann follow with an account of issues in developing prototype

GVIS applications on a Macintosh plattornn using conumercial multimedia authoring

ey discuss applications in both planning and cducation. T contrast with
Asche and Herrmann's use of commercial authoring tools, Koussoulakou desceribes
a prototype system developed using lower level programming graphics finguages,
The svstem s designed o facilitate: tansportation planning, associated with air
pollution amelioration in Athens, Greeee. Where Koussoulikou emphasizes two-

dimensional display and animation, Kraak's chapter focuses on three-dimensional

depictions and - direct interaction, again . with an  environmental application
cmphasis, The final two chapters of Section 3 share an emphasis on symbolization
issties. I both, the focus is the development ol symbaolization to meet particutbar
viswelizadion application needs. DiBiase and his colleagues provide an overview ol

deating with the problem of multivaiate data

literatore from several discipling
representtion. They go on to describe a prototype visualization system that allows

(hoth actual and model

aalvsis 1o look for relationships among climaee variablc

review of recent efforts to visualize data

derived). vanc der Wel ¢f af. then provide
quadity and present some solutions 1o data quality visualization in the context of a
transportation development plan.

Finally, my coltaborator on this project, Fraser Taylor, olfers some perspectives
on the Taire of visualization in modern cartography. These perspectives include
attention o the plice of visualization in cartographic theory and practice.

My characterization of cartographic viswahzation as a kind ol map use that
cmphasizes the preivate, high interaction, explormory: corner of nmap use space
intluenced the choice of chapters outlined above. Each chapter, however, stands on
its own merits Gaind some actively counter my definition of visualization), Howevet
vistalization is uliimately delined within cartography, the contributions included

here char o new territory than cartogrphers shoudd find exciting 1o explore.

H
i
H
i

W

i

H
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CONVETLenee or

Indnotes

"The tenms ntographic visucthization are both used 1o
seter Lo spatind visualization inow hich maps e princoy ool Although o initial publication
actachien and Ganter 1990 ased the tern

visualization and “geopraphic

anovistalizition as it relates 1o cantography

visuatization, | now fvor the use of GVIS, The Lter tesm implies a broader

cartoprphic’
range o possible activities than the former. Cantographic visualization scems to- exclude
vistabization in which remaotely sensed inuges, photographs, dingrims, wraphs, otesare used
topcther with nreeps o iuminate geographic questions, Visualization in mwodern cattography
mplies s integration ol spatial displry tools that the ternn GVIS seenis 1o enconpss,

’ Faylor 19939 has moved beyowd  the

oo recent statement on vistalization,
Chanaderizaion of visualizaton as aticld of computer graphics, Incihis paper, he emphasizes
aevitalized approach to the cognitive level of spatial thinking that is fostered by attention o
visualization. I particubiar, he stresses the potential for sisuadizzaaion to drias cartography and
cceonaphy back together.

The graphic model presented was lormulated during the 1oty 1CA Meeting in Cologne,
Moy 1993, T was inlluenced by participants in the initial mecting o the visualizanon sworking
wap Gt which panclists Limos Szego, Menno fan Keaak, Mike Wood, Mike Poeterson, and

banicl Dording discussed varions aspects of visnadization and its role in canogeiphy). The
~eeds o the idea were sown in mv initiat colltboration with John Ganer and oue discussions
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with David DiBiase Gin 1989 90y The tdea began to genminate at o Workshop on Visualization
in GIS orgamized by David Unswin and Hikey Tearmshasw i Loughborongh University in july
1092 At that workshop, fan Bishop, Anthony Gatrell, Jason Dykes, Mitchell Langlord, Daniel
Donting, and T shetehed out a delt section on
titled Visweedizetion i IS CHewmshaw and Uinwin 19900 Components ol the scheme
presented here can also be tound in the chapter on visoatization thar 1 produced Gwith the
collaboration ol Barbara Buttenficld, James CGimpbell, David DiBiase, and Mark Monmonicr)
Tor Abler, Marcus, and Olson Ceds Geographys iner Worlds and the introductory essay
Guritten with Mk Monmonicny for the special geographic visualization issue of Cartography:
and Geagraphic Information Systems, The insights offered by all of these colleagues had
substantith impact onomy approach to visualization — but, of course, only I can be held
accotmtable tor the arguments offered here,

CAmong the responses to my (artography) ™ ideas were several critigues ol various aspects
ol the model Ferry Slocomy, for exaomple, pointed out that the three-dimensional depiction of
the madel implies tha there are only three axes o map use space (hut that there are probahhy
more) and that the cube also implies othogonality simong the continua Gwvhen this may not
be the cased. Mike Wood and Mike Peterson both objected o excluding the communication
corner of the modet from the purview ol visualization; Wood becanse sach o restriction doces
ot match common usage in computer science Gwhere all computer-generated displays have

Advances in visualizing spatial dita”™ lor abook

come o be called “viswalizations™ and Peterson becanuse e contends thae all maps can
prompt mental visuadizgon tw hich 1agree with) and that b eguisition of knowledge Trom
anap s londiamentall an et of commumication Gwhich T do not g

coowitly, Beyond the
aritigues lrom other authors, sixostadents inomy graduate seminar on GVIS also provided o
rtnge o constructive criticism. e particakar, they helped: clarily the distinction: betsween
interaction with maps and the interactivity of computer soltware, and prompted deselopment
ol the nerix ol nap ase examplios presented ine Fig, T Together, the various critiques
tempted me 1o back off from my contentions and adopt the terms “visval thinking™ and
“presentation” as the labels for ends of the key dingonal. On rellection, however, 1 decided
to retiin my original terms, comment on the objections, and await responses, There were, ol

course, positive reactions to the (cartography)* idea, or bowould have discarded it Among
them Cindy Brewer provided o useful sketeh of the three-dimensional map use space that
helped to reline my own rather crude preliminary drawings. She also olfered suggestions on
the Kinds ol map use that occupy the corners ol the model. Menno-Jan Krak went so [ sis
o sugeest that 1 ocate cach chapter as o dot in its appropriste three dimensional model
position. | seriousty considered s, but decided that 1 swould never achicve consensus on the
relitive position of virious chapters Heave it o the reader o determine which chapter is
the prototypic example of gcographic visualization.

The Context for the Development
of Geographic and Cartographic
Visualization



