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JOIN US: AAAS LUNCHEON DISCUSSION

VISUALIZATION METAPHORS FOR COMMUNICATING THE STRUCTURE AND DYNAMICS OF SCIENCE
JULIA LAURIN, THOMSON REUTERS AND KATY BORNER, INDIANA UNIVERSITY

Please join us and take part in our lunchtime discussion titled "Visualization Metaphors for Communicating the Structure and Dynamics of Science” hosted by Julia
Laurin, Thomson Reuters and Katy Bamer, Indiana University

Date: Sunday, February 15, 2015
Time: 12 PM to 1 PM (PST)

Location: San Jose Convention Center
AAAS Conference Room: Glen Ellen
150 West San Carlos Street
San Jose, CA 95113

This luncheon will provide an opportunity for those who produce and work with maps of science to discuss the challenges of visualizing non-spatial scientific activity and
investigate concrete ways for scholars and industry to advance understanding and engagement with maps of science. Brief talks by leading experts and brainstorming
will be used to identify: What visual metaphors have been successful for representing trends, emerging research areas, or bursts of activity, etc.? Are there best
practices for representing non-spatial information? How can the different teams producing maps of science collectively enhance the legibility and utility of science maps?



Agenda

Welcome by Julia and Katy

Setting the Stage:

Visual Languages: Industry Pull

by Julia Laurin, Thomson Reuters
Visualization Frameworks: Academic Push
by Katy Borner, Indiana University

Invited Talk:
Visualizing Knowledge Spaces: Cartographic Perspectives
by Dr. André Skupin, Geography, San Diego State University

Discussion



Visual Languages: Industry Pull
by Julia Laurin, Thomson Reuters



Visualizing Across Domains:
Lessons Learned

Patent Assignees (Top Players) vs. Priority Years (earfiest
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Graph Analytics:
Answering the Big Questions

Mission: Research and develop solutions which support graph data, analytics and
machine learning at big data scales

How do we provide research funders with areas of graph community detection and prediction
research on the verge of developing into new fields
and worthy of deeper funding?

How do we provide scientific researchers with a topic  graph-based topic generation and clustering
hierarchy for research discovery which remains
current w/rt recently published articles?

How do we provide university administrators with graph-based pattern matching
aggregation tools that effectively disambiguate
entities like people and organizations?



Getting from Table to Graph

37,225,696 publications
-602,346,147 total citations
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Mapping Science Requires a lot of
Choices

Insight needed
Types of analysis
Levels of analysis
Data scale types
Visualization types
Graphic symbol types
Level of interactivity



Uncharted Territory — Together

* Visual perception and cognition
* Power of big computing

* Sheer complexity of data

* |nteractive and 3D gamification
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Visualization Frameworks: Academic Push
by Katy Borner, Indiana University



De-Facto Standardization of Science Basemaps

Topical Visualization

Ganerated from 381 Unique 51 Records.

80 cut of 112 publications wers mapped to 182 subdiscipines and 13 discipines.
June 24,2012 0404 PMEDT

Health Professionals

2008 The Ragents of the University of Calfornia and SciTech Stratagies.
Msp updstad by SciTech Strategiez, OST, and CNS in 2011
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How to Classify leferent Visualizations?

By
* Userinsight needs?
e User task types?

e Data to be visualized?
e Data transformation?

* Visualization technique? ! - S

. Vlsualmapplngtransforma%lon’ .| =0 ===l

i’ =) P :f‘-?/
* |nteraction techniques? A PaEg
ﬁ'r" . ‘Qa“‘ p "’:Y % —

How to support the design of ef etlve
visualizations by experts and citizen suentlsts?
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Study

TYPES

LEVELS

Statistical Analysis
page 44

WHEN:
Temporal Analysis
page 48

e

WHERE:
Geospatial Analysis
page 52
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WHAT:
Topical Analysis
page 56
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WITH WHOM:
Network Analysis
page 60

See page 5

MICRO: Individual Level
about 1-1,000 records
page 6
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MESO: Local Level
about 1,001-100,000 records

MACRO: Global Level
more than 100,000 records
page 10
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Workflow Design

« I <

Validation and Interpretation, page 72

|

User Needs Acquisition, page 40 Human-Computer Interface, page 70
Data Acquisition, page 42 Interaction, page 68

‘ Ana|yze & Visualize Combination, page 66

Statistical Studies, page 44
Statistical Visualization Types, page 46

v
Temporal Studies—"When', page 48
Temporal Visualization Types, page 50
__’ (}@ospanal Sltudi.{?s "\'\v't:oreﬁ page52
Geospatial Visualization Types, page 54
Topical Studies—"What', page 56
Topical Visualization Types, page 58
t L Network Studies —"With Whom', page 60

Network Visualization Types, page 62
Studying Dynamics, page 64

: See page 24
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Types

relevant for the design of effective visualizations

Insight Need Types
page 26

« categorize/cluster
- orderfrank/sort
- distributions

(also outliers, gaps)
= COMParisons
- trends

{process and time)
- geospatial
= COMpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28

« nominal

- ordinal

- interval
- ratio

Visualization Types
page 30

« table

- chart

- graph

- map

~ network layout

Graphic Symbol Types
page 32
= geometric symbols

point
line
area
surface

valume

- linguistic symbols

text
numerals
punctuation marks

= pictorial symbols

images
icons
statistical glyphs

Graphic Variable Types
page 34
- spatial
position
- retinal
form
color
optics
miotion

Interaction Types
page 26

= OVErview

- Z0OMm

- search and locate
- filter

= details-on-demand
- history

- extract

= link and brush

+ projection

- distortion

15



Basic Task Types

Bertin, 1967 Wehrend

selection

order

quantity

association

& Lewis,
1996
categorize

rank

distribution

compare

correlate

Few, 2004

ranking

distribution

nominal
comparison
& deviation

time series
geospatial

part-to-
whole

correlation

4 See page 26

Yau, 2011 Rendgen &
Wiedemann,
2012
category

differences

patterns time

over time

spatial location

relations

proportions

relationships  hierarchy

Frankel,
2012

compare
and
contrast

process
and time

form and
structure

Tool: Many
Eyes

compare
data values

track rises
and falls
overtime

generate
maps

see parts
of whole,
analyze text

relations
between
data points

Tool: Chart
Chooser

table

distribution

comparison

trend

compaosition

relationship

Borner,
2014

categorize/
Cluster

order/rank/
sort

distributions
(also outliers,

gaps)
comparisons

trends
(process and
time)

geospatial

compaositions

(also of text)

correlations/
relationships
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Types
relevant for the design of effective visualizations

Insight Need Types Data Scale Types ~ Visualization Types | Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page 30 page 32 page 34 page 26
- categorize/cluster - nominal - table - geometric symbols | - spatial - overview
- order/frank/sort - ordinal - chart point position + ZOOI
- distributions - interval - graph line - retinal - search and locate
(also outliers, gaps) - ratio - map drea form - filter
- Comparisons - network layout surface color - details-on-demand
- trends ~ volume optics - history
{process and time) - linguistic symbols rmotion = extract
- geospatial e « link and brush
o numerals N
- compositions _ + projection
(also of text) punctuation marks - distortion

- pictorial symbols
images
icons
statistical glyphs

- correlations/relationships

17



Visualization Types (Reference Systems)

1. Charts: No reference system—e.g., Wordle.com, pie charts

2. Tables: Categorical axes that can be selected, reordered; cells
can be color coded and might contain proportional symbols.
Special kind of graph.

3. Graphs: Quantitative or qualitative (categorical) axes.
Timelines, bar graphs, scatter plots.

4. Geospatial maps: Use latitude and longitude reference
system. World or city maps.

5. Network graphs: Node position might depends on node
attributes or node similarity. Tree graphs: hierarchies,
taxonomies, genealogies. Networks: social networks,
migration flows.

18



Types

relevant for the design of effective visualizations

Insight Need Types
page 26

- categorize/cluster
- order/rank/sort
- distributions

(also outliers, gaps)
- COMparisons
- trends

{process and time)
- geospatial
= COMpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28

- nominal
- ordinal
- interval
= ratio

Visualization Types ||Graphic Symbol Types

page 30 page 32
- table - geometric symbols
- chart point
- graph line
- map area
- network layout surface
volume
= linguistic symbaols
text
numerals

punctuation marks
- pictorial symbols

images

icons

statistical glyphs

Graphic Variable Types
page 34
- spatial
position
- retinal
form
color
optics
rnotion

Interaction Types
page 26

« OVEIVIEWw

- Z00M

- search and locate
- filter

- details-on-demand
« history

- extract

- link and brush

- projection

- distortion

19



Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols

Paint Line Arem
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Atlas of Knowledge: Anyone Can Map « back to the store

by Katy Bérner
To be published by MIT Press on March 13, 2015
Pre-Order Now

13x 11, 250 pp.

580iillus.
978-0-262-02881-3
Download informational flyer

Introduction | Author | Awards | History | Vendors | Images | References | Q&A | Press

Introduction

In an age of information overload, the ability to make .\1 S C l P ] ‘ 1 .
sense of vast amounts of data and to render insightful AAULAS O NTNOWICC Qk-
visualizations is as important as the ability to read and Anvone Can M ap

write. The Atlas of Knowledge explains and exemplifies the ' ‘
power of visualizations not only to help locate us in
physical space but also to help us understand the extent
and structure of our collective knowledge, to identify
bursts of activity, pathways of ideas, and borders that beg
to be crossed.

Drawing on 15 years of research and tool development,
the Atlas introduces a theoretical visualization framework
meant to empower anyone to systematically render data
into insights. It aims to teach “timeless” knowledge that

http://scimaps.org/atlas2

21


http://scimaps.org/atlas2
http://scimaps.org/atlas2

Information Visualization MOOC 2015 wouunauniversity YCNS B

Overview .
IVMOQC: Information Visualization MOOC 2015

This course provides an overview about the state of the art
in information visualization. It teaches the process of
producing effective visualizations that take the needs of
users into account.

The course can be taken for three Indlana University credits
Online Datz 1Cé n, as part of the

ormatio m, and as part
of the onllne Data Science M.S. Program offered by the

School of Informatics and Computing. Students seeking
enrollment mformatlon should contact Rhonda Spencer at

Information Visualization MOOC ivmooc.cns.iu.edu

Among other topics, the course covers:

e Data analysis algorithms that enable extraction of
patterns and trends in data

e Major temporal, geospatial, topical, and network
visualization techniques

® Discussions of systems that drive research and
development.

Already registered? Click here to go to the course.
Forgot your password? Click here to reset it.



http://ivmooc.cns.iu.edu/
http://ivmooc.cns.iu.edu/

Invited Talk:
Visualizing Knowledge Spaces: Cartographic Perspectives
by Dr. André Skupin, Geography, San Diego State University

23



André Skupin

Professor of Geography
San Diego State University

Founder & Co-Director
Center for Information Convergence and Strategy
San Diego State University

Associate Director
Center for Entrepreneurship and Innovation
University of Dubai

Co-Founder & Co-CEO
BigKnowledge LLC

Visualizing Knowledge Spaces
Cartographic Perspectives

Visualizing Knowledge Spaces
Cartographic Perspectives

What is Visualization?

Cartographic Lesson I: “Space —The Final Frontier”
Cartographic Lesson II: “It's all been done before!”
The Power of Spatial Concepts

Gallery of Base Maps

Visualization for Impact: Partners, Cultures, Values

Copyright holders: André Skupin,
bigknowledge.net, and others. All rights

reserved.

3/1/2015



Scientific Visualization

y physical

“Visualization is a data-driven representation aimed at
amplifying cognition, frequently supported by
computation and interactivit

14

Information Visualization
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Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved.
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Knowledge Visualization

=
-
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Spaces of Visualization

Geographic Space
Discrete objects
Continuous fields

Vector Space
Entities
Properties

Network Space
Nodes
Links

Knowledge Space
Domains
Actors
Concepts
Artifacts

Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved. 3
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It’s all been done before

Data - Symbols > Understanding
Scale & Abstraction

Semantic Zooming

Base Map Creation

Base Map Use

Thematic Overlays

Truth in Mapping

Data > Symbols > Understanding

visual | graphic | semiotic variables

for static maps
Bertin (1967/1983)
seven variables
Position
Size
Value
Texture
Hue
Orientation
Shape

Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved. 4
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Data > Symbols > Understanding

visual | graphic | semiotic variables

for static maps
Bertin+

eight variables
size
value
saturation
pattern texture
pattern arrangement
hue
orientation
shape

Data > Symbols > Understanding

visual | graphic | semiotic variables

for static maps
Bertin+

quantitative data
size
value
saturation
pattern texture

qualitative data
pattern arrangement
hue
orientation
shape

Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved. 5



Data > Symbols > Understanding

for static maps
Bertin+

quantitative data
size
value
saturation
pattern texture

qualitative data
pattern arrangement
hue
orientation
shape

visual | graphic | semiotic variables

for animated maps

duration

rate of change
order

display date
frequency
synchronization

Scale & Abstraction

From: Zondervan (1901)
Allgemeine Karten kunde, Leipzig:
B. G. Teubner. (Original source:
Sydow-Wagners Methodischer
Schulatlas)

Bt

15
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Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved.
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From Raw Data to Relevant Insight

(L TN XN TR N Y W ] .
eoee eoo®0e oo

"";:...oooooo
eee © oo

@ @00 0000, o000
Crime Events as Points

Crime Events as Density Surface

Power of Concepts: Author as Discrete Object

Author Change Trajectory from 1970-79 to 1975-84
3"55- - coimat rur:al G\,x\!" Simul I
cl i_ ma t R a1 'ﬁv:ll" ?e-.lelon ! i %’ati‘al
temperatur n chang 3 L R model
P urban § ", X st
& :-q,e;';.f‘”"m POP U it - . plang :‘ w : model
_temperatur . i apolian, o £ _~transport. System :
5oy, ..:.""w'!!a"' & o acon ¥ Plan medel
state Urb'?n ."‘.c it y o g inform ¢ -
& Precipit;  PoPu ! - : data
I s % ,_&e it % et - g a2 remot
T h ';33 ot . s, system &
weather™: - - p - ()
g e : hous . % ),
..... - _‘;? 0‘(\36 - = ervic b G EENE
T migrat & ) health _ ., remot
©immigr  hous =™ e .
. migrat commyy, &0 L i Sover
[V e migrant L]
A | ki - qualiti
A fime Joussreld 1 AY .. athnic 2 . river
W LA AL [ gy SN ~water { land
b analysi L, fabor T e, e - -
Skupin, A. (2009) Discrete and Continuous Conceptualizations of Science: Implications for Knowledge Domain
Visualization. Journal of Informetrics.

Copyright holders: André Skupin,
bigknowledge.net, and others. All rights
reserved.
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Base map: Two million biomedical papers

gt Sequence Homolo

-~ Amino Acid

~ - T [ p—
6\6“ Do:‘hlnhﬁ.ldlnd "s"()o, = F“‘f:"' !ma i ;‘Enhnncnmn(
@ 6\6 O‘U, -. \-\eart‘ i gng A
k@ o0 : £ Rate ¢ . o
)~ Drug Admmlstratlor { Ny & | - q
Schedule T F B,roo Body Mass .| | Image Processing,.
- F e . I
tibodies, Mono rh—mn Pmbabl!uy ) Pres.s . ccmp”‘er“ASE[S.Eehg" =
52\,@"“, Of [ N . .rs .:. - T - gut 5
Zombined Itiness, ndex/— ] ford =i il ik
s LAY o L L s \nternaf
En A7 £ Body R A\
- =: v 5 _We"lg::_&l\ W& Muscla:
fnen o O kb 5 Contraction
. ~Anti-Bacterial 3 i o PRV A0
" Agents o ash - e ..-:’.,,:.,.a_...:‘o ,ck.m, d" Mechar‘
o, { Microbial j—{ ] o
Vylocdeea ', Sensltwlty Tes = L%
foctigns Drug Resistance, = m_ -a...m.-n pe-”
Thpscaccurly Bactenal Anti-lifoc L i =l Computhr §
k"' a‘-....qa-..m” Ver iy B SR
. . swin® 5
\Protein 11 g ol - gotvit
Membrane fttion 1, R
Pptentialg it
_ Sy Structu re, Tertiary'. aeid) ,,Mq,oa,'u.' S\
ce Allqnment _&:‘ﬂf‘i‘; : Neurons
Amirg Acid Sgquence "k & .

|

Skupin et al (2013) Visualizing the Topical Structure of the Medical Sciences. PLoS ONE.
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2010 NSF/Science Visualization Challenge: Finalist
2011 International Institute for Information Design Award (Social Affairs Category)

Visualization for Impact:

Partners, Cultures, Values

Impactful Visualization
Inspire [domain experts]
Connect [across disciplines]
Understand [domain patterns]
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