Facilitating discovery with zoomable maps
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Citations form a vast network
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Data Science and Analytics Lab

Social network analysis in Afghanistan
Joshua Blumenstock is studying the effect of unexpected shocks on network activity in
Afghanistan with collaborators at Princeton, UW, UCLA, and UC Berkeley
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. L . The DatalLab is the nexus for research on Data Science and Analytics at the
28 Blumenstock at Population Association of America

UW iSchool. We study large-scale, heterogeneous human data in an
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Simplify and highlight |mportant structures in complex networks
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Code »

using infomath::plogp;

for (unsigned int i = @; i < numNodes; ++i)
{

enter_log_enter += plogp(m_moduleFlowData[i].enter
exit_log_exit += plogp(m_moduleFlowData[i].exitFlo
flow_log_flow += plogp(m_moduleFlowData[i].exitFlo
enterFlow += m_moduleFlowData[i].enterFlow;

}

enterFlow += exitNetworkFlow;
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ontoarElow 1aa enterElow = nlaanfenterElow)e.

infer network modes from multiple samples

August 13, 2015 Interactive storyboard — Higher-order Markov models — identify flows on memory and multilayer networks
July 28, 2015 Source code — Infomap — updates to memory and multilayer algorithms
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Publications »

Maps of information flow reveal community
structure in complex networks
Martin Rosvall and Carl T. Bergstrom
PNAS 105, 1118 (2008). [arXiv:0707.0609]
To comprehend the multipartite
organization of large-scale biological
and social systems, we introduce a new
information-theoretic approach to

rovianl commiuinityv ctriictiira in
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Data

Compressing - " Finding patterns

It we can find a good code for describing flow on a
network, we will have solved the dual problem of
finding the important structures with respect to

that flow.



The map equation

frequency of inte-module movements

frequency of movements within module |

L(M) = g~ H(Q) + ) pLH(P)

m
=1

code length of module names

code length of node names in module i

Rosvall and Bergstrom (2008) PNAS



Finding regularities in the dynamics on networks
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Performance

PHYSICAL REVIEW E 80, 056117 (2009)

Community detection algorithms: A comparative analysis

Andrea Lancichinetti"** and Santo Fortunato’
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FIG. 3. (Color online) Tests of the algorithm by Blondel et al.
and Infomap on large LFR benchmark graphs with undirected and

unweighted links.
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Two-level partitions with the map equation

pLH(P')
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Advantages of InfoMap

Outperforms most other competing algorithms
In accuracy benchmark tests

Hierarchical version from first principles
-ast, scalable codebase in C++
Multiplex versions

Continual development

Visual tools associated with the code
Simple information theoretic framework
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Journal Ranking
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weighted by the number
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West, |D et al. (2010) College of Research Libraries
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Author-level Ranking
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West et al. (2013) Author-level Eigenfactor metrics. JASIST



Article-level Ranking
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West et al. (2016) Ranking and mapping article-level citation networks. in prep.



Higher Order Dynamics

a First-order Markov b Second-order markov
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Seattle Seattle

18%

Atlanta Atlanta

San Francisco San Francisco

24%

New York New York

44%

Cc
Plant physiology 17% Plant physiology
34%
Plant cell Plant cell
Evolution 30% Evolution
Ecology 19% Ecology

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications



MicrOSOft Research Home Rules Leaderboard WSDM 2016
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The Graph The Data The Challenge

The Microsoft Academic Graph is a This data is available as a set of zipped text The goal of the Ranker Challenge is to
heterogeneous graph containing scientific files stored in Microsoft Azure blob storage  assess the query-independent importance
publication records, citation relationships and available via HTTP. The file size of scholarly articles, using data from the

between publications, as well as authors, (zipped) is ~30GB and may be downloaded Microsoft Academic Graph.
institutions, journal and conference here.

"venues," and fields of study.
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What can you do with citation maps?

Recommend Articles
Study the Science of Science
Author Evaluation
Search and Discovery

Visual Interfaces



Recommend

Classic

Assemble Rank

Cluster

Expert

Recommend

Classic

West, Wesley-Smith, Bergstrom (2016) A recommendation system based on hierarchical clustering of an

article-level citation network. in review
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Scholar Mirrors S

Bibliometrics, Scientometrics, Informetrics, Webometrics, and Altmetrics
in Google Scholar Citations, ResearcherlD, Researchgate, Mendeley, and Twitter

HOME ABOUT METHODOLOGY OUR TEAM OTHER PROJECTS

AUTHORS DOCUMENTS  JOURNALS PUBLISHERS

General overview

Displaying core authors 1-20 of 398. Sorted by GS Check to display related authors as well
citations (last 5 years), decreasingly.
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Visualizing Scholarly Influence Over Time
Influence of Pew Scholars

Roberta A. Gottlieb
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Portenoy et al. (2016) Leveraging Citation Networks to Visualize Scholarly Influence Over Time. in review



Comparing Authors
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A more sparse network indicates fewer citations
between papers shown in the network. This could
be a result of the central scholar having impact
across a wider set of academic communities.




Visualizing Scholarly Influence Over Time
Influence of Pew Scholars

Mark W. Grinstaff

Learn More
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Academic Migration

U.S. ACADEMIC MIGRATION MAP

Where do people who pursue academic careers in the U.S. go on to land faculty positions after earning their advanced degrees?

Where do faculty come from? Click on a school to explore.

ABOUT THIS PROJECT

University of Washington
[ J

University of Washington
Current sample: 198 individuals (151 faculty and 47 grads)

(Faculty have come from

@ Click to view grad
these schools: - .. destinations on map - ®

Click bars and then individuals' names for more info.

*school name missing*
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Stanford University
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University of Wisconsin, Madison
12.1%

Clear selection

Resize & re-center map
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Impact Keywords or Cluster, Result Ordered by Impact Search
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Questions

* How do patterns of encoding visual information
in the Iiterature vary across disciplines!

* How have patterns of encoding visual
information In the Iiterature evolved over time!

* |s there any link between patterns of encoding
visual information and scientific impact!

How can we better utilize visual information
in the search and navigation process’



Pub

650,000 papers

5 million images



Composite Figure Dismantling

.. - -
Pre W'_’_‘-Hw_.
A A
r | JY . N
- ::
UIM —

e —— ——— T LT ———— " y— —t  —— | *3

il

3
A}
.
AT e ety L ahed

Cl 4 M ™

(@ (b) (c)

Lee et al (2015)
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Schematics (/769)
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Science of Science

Incentives, reproducibility, biases, funding models, publishing economics. ..



Self-citation over time
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Excessive Self Crtation
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Ecology and evolution

Plant ecology

Evolutiona'ty ecology

Aquatic lecology

Phylogeny

Populaior't genetics

Pakamalagy
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Swock markets

Macroeconomics

Law
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Organizational and marketing

Classical studies

Mathematics

Philosophy




Information Visualization

JSTOR Economics Macroeconomics Investment and lags
\ Sociology Segregation
Education School effectiveness Teacher retention

How do we augment human
memory when zooming in/out of
hierarchical trees?

Cecilia Aragon Michael Brooks
UW,HCDE  UW,HCDE Brooks, M et al. (2013) INTERACT



—_——

\
\
\

=
= = .
-

Organizational and marketign i — \
--—°-——-::~-_ s
=
| Anthropology | N
= pology Ry Classical studies
‘\ g — == 4 l’ ‘\ //
- - 1 LY
History P2

§ -
-,

\

N 7 PN
S 7,
N 'l ’
D Probability and Statistics

F.N ~
Law - >
(=71 y SSEN  Economics - T
_.’vv\
PR Philosophy



Navigating Hierarchical Knowledge Networks

1. Congruent

2. Incongruent

3. Congruent

4. Incongruent

5. Designer Baseline
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Landscape visualization
with data properties
mapped to visual elements
according to applicable
image schemata

Landscape visualization
with data properties
mapped to visual elements
deliberately breaking with
image schemata

Identical to the Congruent
Landscape tool but with all
realistic details and overt
“landscape” visuals
removed

Identical to the
Incongruent Landscape
tool but with all realistic
details and overt
“landscape” visuals
removed

Visualization designed by
a hypothesis-blind
designer attempting to
make an effective
visualization but without
special emphasis on
metaphor




The jargon barriers of science

HEY, HAVE YOU READ
MY NEW PAPER ON THE
ORBIFOLD QUANTUM
COHOMOLOGY OF...

HARMoNIC

NUMERIcAL
AVALY SIS

ANALYSIS

The Landscape of Modern Mathematics



Blue Discipline Blue Discipline
Phrase

Y

Reader

»  Writer
O Channel
P P

I I

X ~ space of all phrases

P. ~ probability distribution over yx; with values x e X
- writer chooses phrases with probability p,(x)

- optimal codeword has length — log, pz(iﬁ)

expected message length (X Z pi(r)logy pi()

reX
assumption: language of each scientific field is optimized based on trequency of phrases

Vilhena (2014) Sociolosical Science



Blue Discipline Red Discipline

Phrase
O ~ Writer 1 > Reader
Channel
P. P,
cross entropy
expected message length: Q(pillp;) = — Y _ pi(z)log, p;(x
reX
efficiency of communication
g _ H(X:) =2 sexpi(z)logs pi(z) Ci; =1—E,
Y Qpillpy) — 2 zex Pi(x)logy pj () T

cultural hole
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Challenges: Labeling

label(C;) = N where j = argmax 1(f(p,1),9(0, 7))
J

i (fi(w),gj(so)) ! (’;;(Z"}.’(ij)()w))

Normalized Mutual Information



Semantic Scholar

Babel (data and recommendation)
InfoMap (clustering citation networks)
Scholar profiles (share data)
Auto-detecting neuroscience
Viziometrics (labeling tools)

Visual interface design

Auto-Labeling Fields

Data cleaning (author disambiguation)
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