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ABSTRACT
This paper presents a novel fechnique for dealing with a clas-

sic problem that frequently anses in visualization Very cx-

pressive nonlinesr ransformatons can be awomatically gen-
craled [0 correct themafic maps so that the arcas of map re-
gions are proporuonal 1o the themane variables assigned 1o
them. This helps 10 climinarte one of the most commonly oc-
curring “visual Lies” that occurs in mformation visuahzauon.

KEYWORDS: visuahization, themanc maps, nonlmear mag-
mification, fisheye views

Introduction

Themanc vanables are commonly used in variography o cn-
code addmeny] informanwn within the spanal Jayour of o
map. Common examples of themalic variables are popula-
uon density, pollution level and birth rate.  Such “Themes”
arc normally encoded through the usc of colos-maps. In this
paper we will explore cchniques for using this themaric -
formation to dyrectly define spanal transformanons in order
to make the view more consistent with the themanc encod-
ings. This 1dea was presented in [1] wiuhin the contest of
g foci-based mugmfication system, in this paper we will -
stanuate the idea more fully through the use of a recently
developed foci-less system for magmfication. Thesc area-
normalized views can give nise to rather siguficant distor-
uons, potennally making it difficult for the viewer 1o recog-
mze familiar features such as state outlines and other land-
marks. A key 10 the ysefulness of these views is the ability
10 smoothly interpolars between the reguiar and normalized
views of the space, allowing the viewer to interactively Tesl-
1ize the relanonship between the normal familiar view and the
view which mure accurately refleets the themanc content

Nonlinear Magnification Fields

Mauny upproaches have been described 1n the literature for
swewhing and distorting spaces 1o produce effective visual-
izations. The rerm nonlinear magnification was inmoduced
in (3] 1 descnbe the eftects common to all of these ap-
proaches. The basic properties of nonlinear magnificaton are
non-occluding m-place magnificanon which preserves v view

of the global context. Leung und Apperley [S] first exstab-
hshed the mathemancal relatjonship between 1D magnifica-
tion and transformauon funcrions for nonlinear magnifica-
uon, this 1dea was eatended to hugher dimensions in (4, 2], re-
sulnng in the nonfinear magnificanon field A method is de-
scnbed in [4] thar vomputes suable spatial wansformations
bascd on a spexitied scalar field of magnification vylues. The
scalar magnification ticld 1s particularly smenable t user and
program mamipulation, and provides a much more expressive
¢lass of wunsformanons than 1s possible with radwmonal foct-
baxed ypproaches w nonhnear magnuicalion sueh as [1. 3).

Thematic Magnification

The addinona) expressiveness of nonlinear magmficarion ficlds
is crucial 1o the methods we prescnt here: it 1s now possible to
create data-driven magnificanions(4)], where propernes of the
dara are used to direcily define the mugmlicanon best suited
fur viewang that dats  This capability 1s o naural march ro
the color-encoding of themanc variables 1n maps. We van
casily define rounnes which place a regular gnd over a raster
image of RGB values, und use the sampled RGB values 10
denve suitable magnificanon levels ar each point in the gnd,
producing &« magmfication mesh as described wn [4]. Com-
plex cffects can be achieved by encoding different mforma-
tion 1 cach RGB channcl; the examples 1n this paper use
the R channcl 1o define the magnification valucs, and the G
channel 1o specify logical “don’t care™ values for those areas
of the map whete the R values arc not well defined (¢.g. in
the bodies of water surrounding geographic regions)

Example I: Interstate Speed Limits

The wmterstare highway system in the Umred States covers
every stale in the umlen, and each stawe 15 able 1o definc the
maximum specd limit on thuse porfions of the nterstates that
pass through it, There 15 considerable vanution in the specd
limits chosen, from 55 miles per hour 1n states such ax Con-
necticur to cffectively no speed hmit in Montana *, so thar for
u driver planmng to travel across the USA, the nme required
for  particular ronte will be # function of both the geographic
distance 1nvolved and the speed limits that will be entoreed
en-route. By encoding the speed limir information for cach
Starc 85 # themaric varable 1n a map of the USA, we can then
sample thar map to obiain 4 sutable magnificanon feld. Here
we define magnification as the mverse of the speed limit, so
that states with fugher speed limirs will shrink w reflect the

LAl speed luts were obruned from 2 rec auos dnving FAQ, the by-
merical apeed Lot 1or Mongans was asbianly ser w 140 MFH.
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mereasad rate of wavel. Figure 1 shuws the thematic encod-
Ing of speed hmits by state, along with a ransformed version
of the map which reflects the thematic magnificanon.

Figure 1: State Speed Limits and Normalized
Driving View

Example lI: Presidential Election Results

The presidennal election in the United States 15 decided by
the number of elecroral vutes cach vandigare recaives Each
sfate has g given number of clevrural votes {(based on the
state population), and all of the electoral voics for & single
stare must be given entirely to only one of the candidafes.
It is common pracnce on clection day for the news organi-
zations 10 show a map vf the USA, shading a staie in blue
(or durk gray) if they vorted for the Democrate cundidate,
und red (or light gray) if they vored tor the Republican can-
didate. This gives rise to a classic problem in informanon
visualization that vecurs when the area ysed 1o visually rep-
resent each region is not consistent with the actyal themotic
variable of smporance [6). Figure 2 shows a radinonal view
of the presidennal clechon resulis from 1996, If this image
were 10 accurately reflect the number of clectoral vores each
capdidale received we would expect the rano of red (highr)
10 blue (dark) pixels © be 0.42; what we actually get how-
ever is a ratio of 1 23, un crror of 1939 which could leave
The viewer 1o mistakenly infer thar the Republicun candidate
{Dole) won the election instead ot the Damocrauc candidate
{Clinton). The error occurs because large and sparscly pop-
ulared states such as Alaska and Montana visually domnate
the 1mage cven though they have very few electoral volces,
while states with 2 large number of clectoral votes such as
New York, Texas and Califormia are not represenicd with an
area-emphaals propornonal 1o their electoral contrbunons

Figure 2: Traditional View of Election Results and
Flectoral vates

To reduce this ermor we can construct a map of the USA
where shading 1 uscd 10 represent the number of electoral
votes in each state, as shown in the nght image of Figure 2.
We can then compyte 8 magnificanion based on that themanc
conlent © transform the normal view of the election mro one
thut more accurglcly represents the acrual proportion of elec-
toral vores received by each candidate, The resul is shown

5056654938 T-z42 P.04/06 F-B73

1n Figure 3, where the rato of red (hght) to blue (dark) pixels
is 0.89. Although this sull represents an error of 64%, 1his i3
less than 1/3 of the total crror found in the origimal 1mage,
und the ratio of pixels now accurately reflects the fact thar
Chnron won the election.

Figure 3: Narmalized Views of Eiecuon Resuits
and Electoral Voles

Conclusions

Area-normalized themunc views provide 3 practicable method
for reducing one of the most egregious “visudl hes” epcoun-
tered 1n visunhization, particularly in the use of themanic mups.
Becaase of the possibiliy that a thematic map will repre-
sent an nherently degenerare specification having no posai-
ble solurions{4]. this method does not guaraniee uansforma-
uons giving perfect area in all cases However, 1115 possible
1o weight the iterative method in a manner symuur to that used
in (4] 1 ensurc that arcas of highest exror will be correcred as
much as is possible, thus guarantecing thut the rransformed
view will at {east be an improvement over the ongingl.
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