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A Different Kind of Map - Overview

 Knowledge Domain Visualization
— Why? Who? How?
o Cartographic/Geographic/GlScience Perspectives on:
— Metaphors
* map, landscape

— Technology
e GIS
— Methods
e objects vs. fields
 visualizing change
— Challenges

e computation
e cognition




Knowledge Domain Visualization (KDV)
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KDV — Overview

e Why?
— understand knowledge domains in terms of:
e Past a how did this research area develop?
* Present a who are the leading researchers and topics?
e Future a what will have high priority for federal funding?

 Who are the users?
— non-specialists:
 teaching tool
— specialists:
 find trends, emerging topics, potential collaborators
— b/w specialists from different domains:
« enable communication about knowledge domains
— funding agencies
e research impact analysis
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KDV — Overview

e How?
— methodologies depend on source data

e structure-based data
— citation networks
— co-author networks
— hypermedia networks

e content-based data
— vector-space model
— dimensionality reduction and spatial layout techniques
 multidimensional scaling (MDS)
self-organizing maps (SOM)
pathfinder networks (PFN)
spring models
tree maps

— map metaphors VERY popular
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KDV — Overview

 How do | approach this?

e content-based data
— vector-space model

 self-organizing maps (SOM)

— map metaphors




Self-Organizing Map (SOM) = Kohonen Map

e artificial neural network
— 2D lattice of neurons
— topology-preservation

— training with n-dimensional data
e €.7g., census statistics; financial data; text documents

before training first vector used second vector used third vector used fourth vector used
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Cartographic and Geographic Perspectives

e Metaphors
— proximity f3a similarity (“1st Law of Geography”)
— landscape
e natural (mountain, valley, ridge, ...)
 man-made (city, village, road, ...)
— scale
» global — regional — local (overlapping)
e country — state — county — municipality (non-overlapping)
— map
e look-and-feel
e multi-scale
e axis definition
* interaction




Cartographic and Geographic Perspectives

e Metaphors
— proximity f3&a similarity (“1st Law of Geography”)

— landscape
* natural (mountain, valley, ridge, ...)

* man-made (city, village, road, ...)

— scale
» global — regional — local (overlapping)

e country — state — county — municipality (non-overlapping)
—map

e look-and-feel

e multi-scale

e axis definition
e interaction




Multiple granularities & Simultaneous display
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Multiple granularities & Semantic zooming
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Cartographic and Geographic Perspectives

Hlerarchlcal Clusterlng K- Means Clusterlng
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Cartographic and Geographic Perspectives

e Metaphors
— proximity & similarity (“1t Law of Geography”)
— landscape
e natural (mountain, valley, ridge, ...)

* man-made (city, village, road, ...)

— scale
 global — regional — local (overlapping)

e country — state — county — municipality (non-overlapping)
— map
 look-and-feel

 multi-scale
e axis definition

e Interaction
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Multiple granularities & Semantic zooming
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AbstractMap: Alternative Access
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ArcGIS: AAG Meetings 1993-2002
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AbstractMap: Alternative Access
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Lr = ﬂdsca . ‘{ -
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AAG Meetln 1992 —2003: Term Dom. Landscape + Neuron Label Clusters




Lr = ﬂdsca . ‘{ -
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AAG Meetln.”1992 2003: Where is this Worksho’?
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AAG Meetln 1992 : -2003 Where are the three context sessions?
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Query Processing:
Object versus Field Conceptualization

|Q/Hry‘
Goal of .

Visualization

Query Response Uncertainty of Query Response

Obiject or Field Object or Field

concept concept
Object Field

L Multiple

Point Location SS"mr'f'a“ty Pofniaffézgon Similarity
uriace Surfaces

I I

Density Transformation Map Algebra

Uncertainty Uncertainty

Surface Surface
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Query Response based on Continuous Field Conceptualization




Multi-T emporal Visualization

e e.g., author evolution

a) object conceptualization
author trajectory = sequenced point locations

b) field conceptualization

author change surface
= multi-temporal queries + map algebra
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Author Change Surface — Michael Goodchild
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Author Change Surface — Michael Goodchild

1980 - 1989

1985 - 1994

i e
2 enag) Eed T MR st 75-84 5 Spitlal 9 epac) 5o e, Jrwith ! ?5'34&5patla|
forast climat  “M%y b model poodsl forest climat ch b model ool
temiparatur ang ity LrDan L temiparatur EIT'H;I Ak LFDEMN
vagat peapul citi Iarcpot | cyatam Tk vagat Papu i frarsport  egskam ?ﬂ-‘.—’E
i preciat Fer fransport [ e prciat Her transport j
iy =i VETED an L fores iy an
soll  temperatur whan P 00-0! soll  tamperatur wrbn P 00-08
Empe chang vEmpe e i [}
UL precipit popu| city *—0: " 4 08 _ e precipit popl| Cly
=il surfac siata g =il surfac
rReimat yeus LT e RRedmat e . eeh
. =ind lake weather s ai= il . =ind lake weather s
sediment N hiie i sediment bormado FraLE
Bgdin: stom : migrat hga”‘h 2 L,E_Irp:.t . Blkedine stom £ hgah;h W
Eiream re=uf waxothor mrat |mm|gr 5 ; Eiream re=yif waxothor mrat H
.Alannelﬂuw me;ﬂrl -‘Ire"{»r:lltsﬂ'lnh'm migrar;,  @eUp o mammun e Lﬂ?l‘lﬁl‘lElﬂGW mew'fll:idﬂr;ng LT migrar,  OEUp o mammin F L
o] i = +qudit o e ol
fyar Ee | bcag momEn s water fitcr Sie kol water
fawr imrmigr L5 faw LB
chianmel  gila hL;';E"-ldsr I:T chennal gy i hL;';E"-lrlsr t?
Fivar Iarfa locat o ] dawalo recoLrs MENAE Tivar IEFEEI et { ; dawalnn recairs MERAE
minod e WOMEN el Franag cersen: mpod 2 WAOMEN AR Frenag cerser:
I"I'ﬂp'ﬁ arpircnmant Ao g
faps : environment  BJstan
n’ﬂp presal paper -5]03,;(:'!‘5| |acal BN
informm wadd Cai e anact ki i mﬁ'&hgpanal e o SRR OP
’ - H vl
reseamh e forest lf_ll'r:'?tﬂ chang .. Urban del L local
e unnatur space o e 38 e sl dili R, .. 70-F8  Ga  poit Bconam
&g eard i . Ll |
studant geographamerican r - pedl bl tralnsport A o region mglﬂ::st
d tr TMEET B T R = A £ i i
Team landscap  maic PO ol temperatur Eees utEm P a0- DE". 90-99 lit glubal e
et o T precipit pojul i oE g4 4: "*lrite sepvic
g?ﬂg cuftur P FI|EGE ident 2 EL,II'fSIC ! Al 1l D?l‘.l?t'ate rnarket e Ir'ldl.IStll
jeacrenh landsca idert netien natior ~=sn | k:E t|"| =y howus En%tta 1 rat prodiect o
& £ :
sadiment e el n:us P
s -dl|| el i health rerot
e [CET RS o o
chan nemCW e SEII hE 9 ;Il i - Imgm._..,%r PR RT
f: el . Tua s
rver i hu:lifla warin N water -
ITEI 1 g |:|.ll_..|_ | g land
T ared |ocat b sl rian:c
|:zea TR S =L e =
I'It!iﬁl:lcd v w‘gq"z;en COmimin r‘nanag [FTNFIoES
mps DIt h--
ev ; ervironment '
e PEt papar Sg;l;:!al el WNTT
INFar bl i L. e dlevelop
Coosr e
reseanh & ocal
- wm nnatLl Srace s el ECOnCIT .
sb_ldanTgeograph American B adl FEQI?”
m A ndus:
-a-:- ?Dh landsoap am s polit
g c‘utur " place ident B et T inclustri
B knosess gen TR0 NAMOT " progdust ed. s

[85 '94] minus ['80-'89]

.. UMTN |:__|E SITY C :"[
@) NEW OBLEANS



Knowledge Domain Visualization

Some Challenges

« software integration
e text processing; neural networks; GIS

* Intense interaction versus intense computation

e sometimes high degree of user interaction

— Interaction with map-like information visualizations
e sometimes high degree of core computation

— neural network training

e sometimes both
— extract on-the-fly labels for interactively selected region

e cognition/usefulness/usability

» Are invoked metaphors operating as intended/claimed?
— e.g,. “landscape” “city” a Sara Fabrikant (UC Santa Barbara)

* Do users comprehend distortions in high-D to low-D transformations?




Challenge: Role of Interactivity

i

non-interactive vs. static vs. stable? B i O




Challenge: Real-time Labeling

& Abstract Map Yiewer

o/ @|a/alolslolw same selection - different labels

e

. example: region around this workshop
(a) labels too general ?
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Challenge: Real-time Labeling

& Abstract Map Yiewer

wje|c|dlalalolslo|E | same selection - different labels

. example: region around this workshop

Owetvies hagp

(b) labels too specific ?

Granularity Caontral

 Automatic
£ Manual
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[ Label Cantrol

{#" Click-to-Label
{ Real-Time-Label
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__A_j Open & Guery Builder J

-

[+ Docs [ Meurons Clear
]DOCS_S x

.. UMNIW |:__|E SITY C :"[
@) NEW OBLEANS



Challenge: Distortions in High-D to Low-D
Transformation
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... and speaking of visualizing uncertainty

ﬁ

: : Goal of — . "
Query Respanse Visualization Uncertainty of Query Response
Object or Field Object or Field
concept concept
Obiject Field

- : Similarity Scattered M”'_“p'_e
Point Location Surf Point Location Similarity
uriace Surfaces

Density Transformation Map Algebra

v

Uncertainty Uncertainty
Surface Surface
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THE END
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