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The eyes are not responsible when the mind does the seeing,
Publilius Syrus (c. 85-43 Bc)
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114,996 influenza virus protein sequences
What are the ways that A and B may be connected?

o

Sequences from the 2009 H1N1 Swine Flu pandemic
Sequences from the 1918 H1IN1, 1957 H2N2 and 1968 H3N2
deadly human pandemics :
Sequences that code for the PB1-F2 protein known to cause
virulence in humans

vé

1001 sequences selected

Pellegrino, D. A., Chen, C. (2011) Data
repository mapping for influenza protein
sequence analysis. Visualization and Data
Analysis (VDA) 2011. January 23-27, 2011.
Hyatt Regency San Francisco Airport Hotel,
San Francisco, California United States.
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September 6, 2008 9:24:11 AM EDT

C:\CHINA-Dalian\Data\WOS\Nano SCI data\1997-2007 SC NanoSciTech TC3
Timespan: 1997-2007 (Slice Length=1)

Threshold (c, cc, ccv):. 2, 2, 20; 4, 3, 20; 3, 3, 20

Network: N=1167, E=6549 .

Nanoscience 1997-2007



Signs and Indicators
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C:\Users\IBM\Drexel\Data\MDTS-Wor kshop\Direct Searchtop_cited2000-2009
Timespan: 2000-2009 (Slice Length=1)

Selection Criteria: Top 30 per slice

Network: N=231, E=1857 (Density=0.0693)

Modularity Q=0.6252

Mean Silhouette=0.8121
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Intellectual Turning Points and Paradigm Shifts

CiteSpace © 2003-2010 Chaomei Chen
Visualizing Patterns and Trends in Scientific Literature
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Chen, C. etal. (2010} The structure and dvnamics of co-citation clusters: A multiple-perspective co-citation analysis.
Jowrnal of the American Society for Information Science and Technology. (10.1002/as1.21309)

Chen, C. (2006) CiteSpace II: Detecting and visualizing emerging trends and transient patterns in scientific literature.
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Chen, C. (2004) Searching for intellectual turning points: Progressive Knowledge Domain Visualization. Proceedings of the
National Academy af Sciences of the United States of America (PNAS), 101 (Suppl. 1), 5303-5310.
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March 13, 2004: Science News Online. Mapping Scientific Frontiers by Ivars Peterson. (Local Copy)
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Structural Holes in Social Networks
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2. What was the major impact or implication of vour article
on subsequent research?

There have been a number of articles that have been pub-
lished after the September 11 attacks, all discussing in some
respect the psychological consequences of those attacks/
potential implications of terrorism. I think our article (a) es-
tablished the importance of terrorist events for population
mental health (b) clearly laid out the fact that persons in the
general population (not just victims) can have psychological
disorders after a mass disaster.
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CiteSpace II: Detecting and Visualizing Emerging Trends
and Transient Patterns in Scientific Literature
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The convincing identification of terrestrial meteorite impact structures:
What works, what doesn't, and why

Bevan M. French ®, Christian Koeberl »*

* Depus o A PO Bux 37012, NMNH. MRC 121, Wiskisgisn, DC 0013-70L
¥ Department of Lishonphenic Research. Untversity of Viesne, Athamstrasse 14 A- 2000

s m@,'w\.and Keoberl C.
[ .

p. 152

(2010) P

Atck Agawy Wes-mm recently been recognized how (Impoctant the process of impact cratering
Recetved 30 Apetl 2009 is on a planetary scale. where it is commonly the most important surface- modifying process. On the Moon
Accepted 16 Octcber 2009 and other phanetary bodies that kack an b 3 impact craters are well greserved,
Wallible oalien 25 Octoler 2000 and they can e ized! from but on Earth complications arise
Kowerd: 25 3 consequence of the weathering. obliteration, deformation, or burial of impact craters and the projctiles
ipact cramss ﬂmﬁmn@th:m'l‘hrx made it ,m&ychg " g critzri.llor:bcdemiﬁ:dqnand
Buck setamorphim confirmation of impact structures on Easth. Diagnostic evidence for impact events & often present in the
Socked quart target rocks that were affected by the impact. The conditions of mpact produce an unusual group of melted,
shocked, and brecciated rocks, some of which fill the resulting crater, and others which are transported. in
craters some cases to considerable distances from the source crater. Only the presence of diagnostic shock-
rater adentification

metamorphic effects and, In some cases, the discovery of meteorites, or traces thereol, is generally acceped
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7.1.1. Background 5010) PP- 152
The end of the Permian period, about 250 Ma ago, is mariﬁdj{y\ and Keober! c.(
Erenc) o S

largest known mass extinction in geological history. At this ti

closely-separated events, more than the 90% of known marine species i et G

disappeared, accompanied by a major portion of terrestrial species as well
(Erwin, 1993, 2006). Since the establishment oﬂ a firm connection |between
the later K=T extinction and a major impact event (Alvarez et al., 1980),

numerous workers | have searched for evidence of a similar connection

between another large impact event and the Permian extinctions. Most efforts
have concentrated on the younger and larger of the two extinction events,
which marks the actual Permian—Triassic (P=Tr) boundary at 251 Ma.

comparable to that of the Chicxulub crater to the K-T impact
%@ry. The discovery of the Chicxulub crater dramatically

ted the credibility of the K-T impact theory. Encouraged
by the[successful puzzle-solving experience,,many scientists
appear tolhave adapted the same approach|to solve a differ-
ent puzzle—by applying the impact theory to an earlier mass
extinction. Finding the impact crater 1s the next logical step.
Identifying a Permian-Triassic boundary impact crater has
attracted the attention of many researchers. It was in this
context that the current research front has emerged.




Farley, KA (2001) An extraterrestrial impact at the Permian-Triassic boundary?

SCIENCE, 293.
Without confirmation of fullerene-hosted 3He in Bed 25, both the occurrence of

an extraterrestrial impact and the cause of the mass extinction at the PTB
must remain open questions.

MoauIarity W=uv.40o3
Mean Silhouette=0.9047

: #1 marine biodiversity
#3 mirror collapse ’

#2 extraterrestrial organic compound
~ +  #5extraterrestrial fullerene

%#4 deccan in{&rtraﬁp;an deposit

%1% permian-triassic boundary

5, 2001, SCIENCE ...
permian-triassic age
f.#t:‘kﬁatg triassic extinction . #14 mass extinction

“, e & #10 oceanic anoxia

French, BM (2010) The convincing identification of
terrestrial meteorite impact structures: What works, what
doesn't, and why. EARTH-SCIENCE REVIEWS, 98. #9 information polic§13 southeastern new mexico

#12 new triassic procolophonoid

#0 evolution
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A Roadmap Drawn by a Leading Expert in the Field

Geobiology (2007), 5, 303-309

DOI: 10.1111/}.1472-4669.2007.00130.x

The End-Permian mass extinction — how bad did it get?

Dissociation of
methane reservoirs

Siberian traps eruptions

CO, emissions
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k4

Acid rain

Ozone layer
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Fig. 2 Flow chart, modified from Fig. 1,
summarizing the cascade of environmental
consequences caused by the eruption of the
Siberian Traps and the latest additions, since
2001, to current thought (shown in italics).
The increase in viable terrestrial extinction
mechanisms is especially notable. Although
this diagram aftempts to show a current
consensus, all aspects of the chart are
actively debated. Boxes with a '?' denote

proposed causes and effects that, for this

author at least, should be treated with

skepticism.
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Turning Points

The Nature of Creativity

What is the nature of
creativity?
What will attract our attention?

Are there generic mechanisms
of creative thinking?

Where is a creative idea likely
to appear?



How Do We Find Our Way?

Donald T. Campbell (Psychology)
— Blind variation and selective retention

Albert Rothenberg (Psychology) Some of these theories are

— The Janusian Process instructional — they provide

— To be AND not to be guidance that we can follow.
Hongzhou Zhao(Physics): Others provide no such guidance.

— Elements of knowledge

— Binding of ‘free’ elements of knowledge

— The Yuasa Phenomenon
Ronald S. Burt (Sociology)

— Brokerage as a social capital and a source of good ideas
Our own theory (Information Science)

— Explanatory and computational

— Structural + temporal properties

— Early signs of transformative research



Searching for Growth Points of
Creativity

* Creativity is the friction of the attention space
at the moments when the structural blocks are
grinding against one another the hardest.

Collins (1998, p.76)



Conflicting Thoughts Make Great Philosophers

Collins, Randall (1998) The sociology of philosophers. Cambridge, MA: Harvard

University Press

The philosophers of greatest repute tend to be personal rivals representing
conflicting schools of thought for their generation. p. 76.
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Confucian schools
19¢

:-_':.-"‘H* ’

v v 4

5TMo 58Mo 59 .
Mohists
S = acquaintance tic ————p= = master-pupil tie
............. = probable tie = conflictual tie

ALL CAPS (e.g., CHUANG TZU) = major philosopher
Lowercase (¢.g., Li Ssu) = secondary philosopher
number = minor philosopher, listed in key (see Appendix 3)
(e.g., 10 is Tzu-yu, founder of school of Confucian disciples)
i = incidental person (not known independently of contact with a known philosopher)
x = unnamed person
C = Confucian school
Mo = Mohist school

A social-intellectual network of Chinese
philosophers (400-200 B.C.).
(Collins, 1998)
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Making the Right Connections
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2. Temporal properties:
We propose an expla . . eries in sci-
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found in science studies, especially including networks that reflect underlying intellectual
structures such as co-citation networks and collaboration networks. The central premise is
that connecting otherwise disparate patches of knowledge is a valuable mechanism of cre-
ative thinking in general and transformative scientific discovery in particular. In addition,
the premise consistently explains the value of connecting people from different disciplinary
specialties. The theory not only explains the nature of transformative discoveries in terms of
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The Nature of Maldacena-1998

We aked Juan Maldacena to identify the nature of his major contributions
in this article to String Theory.

His reply: “It connected two different kinds of theories: 1) particle theories
or gauge theories and 2) string theory. Many of the papers on string
dualities (and this is one of them) connect different theories. This one
connects string theory to more conventional particle theories.”

TIME 100 Innovator website

— "“he forged a connection between the esoteric formulas of string theory and
the rest of mainstream physics.”

— “he has been able to suggest a way to knit together two theories previously
thought to be incompatible: quantum mechanics, which deals with the
universe at its smallest scales; and Einstein's general theory of relativity, which
deals with the very largest.”

He is the recipient of the 2007 Dannie Heineman Prize for Mathematical
Physics

— “for profound developments in Mathematical Physics that have illuminated
interconnections and launched major research areas in Quantum Field Theory,
String Theory, and Gravity.”

...... made an unexpected connection



Nobel Prize Winning Gene Targeting

A Sticky Effect explains the boundary spanning and
citation burst.
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Measuring Creativity
|ldentifying Potentially Transformative Work



Average MR and Average Citations

Citations Made ~ Citations Received

Mass Extinction (1975-2010) Articles Only
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Theories of Discovery =»Three Hypotheses

1. The number of references cited citation ~ number of
by a paper is not the real references cited
reason to explain its
subsequent citations or other World cup ~ Beer
measures of its impact.

2. The conceptual diversity with  Citation = number of topics
respect to the state of the art  synthesized

is more fundamental to its World cup ~ Octopus
potential impact.
3. The novelty, originality, and Citation ~ number of
revolutionary change (_)f previously unexpected
knowledge landscape is an topics synthesized

even more fundamental
predictor for a high citation
count in subsequent years.
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Example 1: Small World Networks

Year | Citing Atticles | |
1999 |BARABASI AL
1998 |WATTS DJ, 1 v D R12 bt
e e iteSpace, v a

2000 |ALBERTR, 2 Februpary 25,2011 9:12:30 PM EST

-
=1

1424

0.00 |0.00

1995 MAYER RC.1 C:\Users\IBM\Drexel\Data\Small World\data_5135

1158

000 0.00

Timespan: 1992-2004 (Slice Length=1)
2002 MILO R, 2002 Selection Criteria: Top 50 per slice

1086

-0.05 |0.00

Network: N=205, E=1164 [Density=0.0557)
1997 |UZZ]B, 1997, Modularity Q=0.6537 =

993

0.00 |0.00

2002 [GIRVAN M, 2 Mean Silhouette=0.811
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2001 |PASTOR-SAT.
1994 |TILMAN D, 19
2000 |AMARAL LAN,
1994 |PASCUALMA
2002 [SHEN-ORR
1999 [RODRIGUEZ .. #6-reciprocity
1995 [WHITTINGTO. -~

0.03 |0.00

2001 [NEWMAN ME #7«;9:0Qe‘|'ation &

0.00 |0.00

0.00 |0.00

1994 |RING PS, 19 ey
R
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1900 |BARABASI AL
3002 [FEHR E, 200 #8 trust W
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2001 |FRIES P, 200
2001 [NEWMAN ME
1998 WOOLCOCK \

2001 |LILJIEROSF, @ #4 training

1995 [BRAGIN A, 19 ] )

1998 [TSAIWP, 199 \ ; |

1999 [FLOYD §,19 Of Y Vi

0.00 [0.00

0.00 |0.00

1998 [BERGERL, 1 - :-'k;#? spiking neuron;’ .
hy P B U - -. -/ 4

0.00 |0.00

1996 [TALLONBAU 1 Pt v W 7

079 |0.00

o
1998 [NOWAK MA, . : S =2 Ehey o
2000 [STROGATZ S \ R 5 Y .

0.00 0.00

2000 |ALBERTR, 2. g [
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[-0.12 J0.00
[0.00 0.00
[0.00 0.00
[0.00 0.00
10.00_|0.00

0.00 [0.00°
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1899 |LACHAUX JP, ; :
o0 [EOELESENR #11 social capital
1997 |RIEHLE A, 1
1995 [VAADIAE, 18
1999 |NEWMAN ME
1996 [DOZ YL, 199 N -’ R S
1996 |LEVIN JE, 19... BARABASIAL;-1999; SCIENCE ... ; RN i

0.00 |0.00

1995 |LAMME VAF, =z %
2000 |RESNICKP, #10 small-world network #9 lyapunov exponent ;

0.00 [0.00

2002 |BARABASIAL

0.00 |0.00

2000 |KRAPIVSKY ..

0.00 |0.00

1§ L
1996 |STERIADE M, o #5 complexity \

l-012 Jo.00
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[0.00 .00
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1995 [CRICKF, 199 J N
1997 |TALLONBAU s & | i
2001 [NEVWMAN ME -/

1996 |EISENHARD
1998 |TALLON-BAU

e Watts in 1998 has over 4,660 citations and

> 4

0.00 j0.00

1995 [SILLITO AM,

0.00 [0.00

1994 |SILLITO AM, .

L1]345

-0.00 [0.00

has played a pivotal role in establishing the

field of complex network research.
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2004 PAMDO CL, 2004
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2004 ROSEMELLUM b,
2004 | ZIMMERMAMNM B
2004 BOVWLES 5, 2004...
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2004 WARD |, 2004, J .
2004 DE LAFUEMNTE A.
2004 [DHAMALA M, 200
2004 SHAH AS, 2004, .
2004 DAFFERTSHOFE..
2004 CABEZA M, 2004,
2004 ANDERIES M, 2.
2004 BEARMARN PS5, 200
2004 HERZOG ED, 20
2004 TERAMAE J, 200...
2004 |MORERO Y, 200..
2004 BROWR E, 2004,
2004 KASHTAM M, 200...
2004 RODAM 8, 2004, ...
2004 RODRIGUEZR, ..
2004 BECKMAN Ch, 2
2004 BOGURA M, 200.
2004 BARTHELERY ...
2004 HUAMG Ky, 2004...

—

e cortical activity

8, REV MOD PHYS ...
tic resonance

L, 199
has

#9 lyapunov exponent
#5 complexity

A

2004 LUSSEAL D, 200.. |




, ugiﬁﬁb@ ical activity

eciprocity

e ' F
#7 cooperation

-

#1 synchronization

. GAMMAITOHI|L, 1998, REV MOD PHYS ...
st-oehashc resonance

social capital »9 lyapunov ex

AN S, 1994, SOCIAL NETWORK AHNAL ...

ponent
ES complexity

Zﬁ’;’n@@ all-world network

JWATTS DJ, 1998, NATURE ...



ical activity

L., 1998, REV MOD PHYS ...
hastic resonance

social capital ‘9 lyapunov ¥

-_ﬁ}’IEE} all-world network

ATTS DJ, 1998, NATURE ...

A network of co-cited references derived from 5,135 articles published on small-world networks between 1990-2010. The network of 205 references and
1,164 co-citation links is divided into 12 clusters with a modularity of 0.6537 and the mean silhouette of 0.811. The red lines are made by the top-15 articles
measured by the centrality variation rate.



Example 2: Graphene

2008 Thomson Reuters Citation Laureates

In 2008 Andre K. Geim was named a Thomson Reuters Citation
Laureate in Physics for the discovery and analysis of graphene (with
Kostya Novoselov). Below are more details.

Andre K. Geim % won the Nobel Prize in Physics in 2010.

ROLE: FRS, Langworthy Research Professor, Chair of Condensed Matter

Physics, and Director of Manchester Centre for Mesoscience and
MNanotechnology, University of Manchester, Manchester, UK

In 2008 Kostya Novoselov was named a Thomson Reuters Citation
Laureate in Physics for the discovery and analysis of graphene (with
Andre K. Geim). Below are more details.

Kostya Novoselov % won the Nobel Prize in Physics in 2010.

ROLE: Royal Society Research Fellow, Department of Condensed Matter
Physics, University of Manchester, Manchester, UK

The Nobel Prize in Physics 2010

Andre Geim, Konstantin Novoselov

The Nobel Prize in Physics 2010
Nobel Prize Award Ceremony
Andre Geim

Konstantin Novoselov

Photo: U. Montan Photo: U. Montan

Andre Geim Konstantin Novoselov

The Nobel Prize in Physics 2010 was awarded jointly to Andre Geim and
Konstantin Novoselov "for groundbreaking experiments regarding the two-
dimensional material graphene"

Photos: Copyright © The Nobel Foundation



Highly Cited Papers by
Andre K. Geim and Colleagues, _ _ _ o
Published Since 2004 Ever since Geim published his first paper on graphene

Ranked by total citations . . . . .
* / — in Science in October, 2004—"Electric field effect in
Rank| Paper Cites icall hi b fil " h di . |
1 IKS. Novoselov. of al. ato'ml'ca y thin car- on films"—the tw?— |mc'en5|ona
"Two-dimensional gas of variation on graphite has taken materials science and
massless Direc fermions 643 . . .
in graphene.” Nature, 438 condensed-matter physics by storm, while launching
(7065); 197200 2005. Geim into prominence among Thomson Reuters’

5. Novoselov, et al., measures of hot researchers in the field. Geim’s 2004
"Electric field effect in ) ) )
atomically thin carbon 570 Science paper has now been cited nearly 600 times

(see adjoining table), eclipsed only by a November,
2005 article in Nature on the unique quantum

films,” Science, 306
{(5296): 666-9, 2004.

3 AK

Novoselov, "The rise of mechanical properties of these materials, "Two-

graphene," Mature 224 . . . . .

Viaterials 6(3): 183-91. dimensional gas of massless Dirac fermions in

2007. graphene,” which has been cited roughly 650 times.
#|K.S. Novoselov, et al., Beginning in early 2007, this paper spent more than a

Two-dimensional atomic |, - ) ® i

crystals,” PNAS, 102(30): year on the upper rungs of the Science Watch™ Physics

5 |K.S.Novoselov, et al.,
"Unconventional quantum

Hall effect and Berry's U. Manchester's Andre Geim: Sticking with
phase of 2p bilayer 143 G h

graphene.” Nature rap ene—For Now
fé?éfgfcs. 2(3): 177-80, The Science Watch® (Print Version) Newsletter
— Interview

SOURCE: Thomson Reuters
Web of Science®



Title: Electric field effect in atomically thin carbaon films
Author(s): Movoseloy KS, Geim AK, Morozov SV, et al.

Seed
(2004)

Source: SCIENCE “olume: 306 Issue: 5296 Fapges: 666669 FPublished: OCT 22 2004

Times Cited: 4,514

16 References Cited by the Seed Article

7,203

 alectror
OF THE IEEE 81

65t clrcuits and archéeciura
1840001 10.1108UPROC 2003818327 2003

> Related Records
(1980-2011)

6,033
DT=Article

—

554 3,243
(1999-2003) (2004-2008)
\

Select Citers

Citations >=10
y
Top 100 per year
(1999-2004)
|
29,848 References
N=359, E=8,299
Clustering: 32 clusters (a=0.6)
Baseline: Entire history




(14) STM INVESTIGATION OF SINGLE LAYER
GRAPHITE STRUCTURES PRODUCED ON PT(111)
BY HYDROCARBON DECOMPOSITION. Surface
Science, 264(3), 261-270. Times Cited: 217

(8) Graphitic cones and the nucleation of
curved carbon surfaces. Nature, 388(6641),

451-454. Times Cited: 297

(2) Carbon nanotubes - the route toward
applications. Science, 297(5582), 787-
792. Times Cited: 3,460.

(1) Organic thin-film transistors: A
review of recent advances. IBM J Res
Dev, 45(1), 11-27. Time Cited: 663

DIMITRAKOPOULOS CD, 2001, IBM J RES DEV ...

(16) Nanotube molecular wires as
chemical sensors. Science, 287(5453),

622-625. Times Cited: 2,733



(14) STM INVESTIGATION OF SINGLE LAYER (8) Graphitic cones and the nucleation of (1) Organic thin-film transistors: A
GRAPHITE STRUCTURES PRODUCED ON PT(111) curved carbon surfaces. Nature, 388(6641), review of recent advances. IBM J Res
BY HYDROCARBON DECOMPOSITION. Surface 451-454. Times Cited: 297 Dev, 45(1), 11-27. Time Cited: 663

Science, 264(3), 261-270. Times Cited: 217

Planar graphene itself has been presumed -
not to exist in the free state, being
unstable with respect to the formation of b
curved structures such as soot, fullerenes, >
DIMITRAKOPOULOS CD, 2001, IBM J RES DEV ...

and nanotubes (5-14).
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o
o hage - o Sy (16) Nanotube molecular wires as
. ~ / . .
b e = Rg. 7ty / . Sy chemical sensors. Science, 287(5453),
R KONG 1,200, SCIENCE ... '\ 622:625. Times Cited: 2,733
®e ° 14 o A A B
=9 " @ \
° o 7 e i \\
\

o 1

P N ... there is a constant search for new,
, 2002;~SCIENCE ... " . )

) nontraditional materials whose properties
can be controlled by the electric field. The
most notable recent examples of such
materials are organic conductors (1) and
carbon nanotubes (2).

(2) Carbon nanotubes - the route toward
applications. Science, 297(5582), 787-
792. Times Cited: 3,460.



Conclusions

* The key insight to the nature of creativity is
how we may change our viewpoints.

* Visualizing science needs to address how it
may stimulate our thinking, broaden our
horizon and reduce biases.



Acknowledgements

* This material is based upon work supported by the National
Science Foundation under Grant No. [1S-0612129 and Contract
No. NSFDACS-10P1303. Any opinions, findings, and
conclusions or recommendations expressed in this material
are those of the author(s) and do not necessarily reflect the
views of the National Science Foundation.



Visual Analytics of Structural and Temporal Patterns
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