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114,996 influenza virus protein sequences 
What are the ways that A and B may be connected? 

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



Nanoscience 1997-2007 

The Transient Scientific Frontiers 
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Insight 



Intellectual Turning Points and Paradigm Shifts 
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2006                                                                                     2010 





French, BM (2010) The convincing identification of 
terrestrial meteorite impact structures: What works, what 
doesn't, and why. EARTH-SCIENCE REVIEWS, 98. 

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.  
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A Roadmap Drawn by a Leading Expert in the Field 





Foresight 



• 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) 
– The Janusian Process 
– To be AND not to be 

• Hongzhou Zhao(Physics): 
– 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 

Some of these theories are 
instructional – they provide 
guidance that we can follow. 
Others provide no such guidance. 



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. 

conflictual 
tie 



A social-intellectual network of Chinese 
philosophers (400-200 B.C.).  

(Collins, 1998)  

conflictual 
tie 



 

Making the Right Connections 
The Video Tape Recorder 

Non-mission 



1. Structural properties: 
brokerage as a discovery 
mechanism 

2. Temporal properties: 
good ideas are in general 
easy to recognize 





…… made an unexpected connection 



Nobel Prize Winning Gene Targeting 
A Sticky Effect explains the boundary spanning and 

citation burst. 



Measuring Creativity 
Identifying Potentially Transformative Work 



Citations Made ~ Citations Received 

Citations made 

Citations received 



Theories of Discovery Three Hypotheses 

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

2. The conceptual diversity with 
respect to the state of the art 
is more fundamental to its 
potential impact. 

3. The novelty, originality, and 
revolutionary change of 
knowledge landscape is an 
even more fundamental 
predictor for a high citation 
count in subsequent years. 

Citation  number of 
references cited 

Citation  number of topics 
synthesized 

Citation  number of 
previously unexpected 
topics synthesized 

World cup ~ Beer 

World cup ~ Octopus 



• Modularity 

• Inter-Cluster Brokerage 

• Centrality 

Structural Variation 





Related Records 

Split 

Before 

Groundbreaking 
Article 

Construct Baseline 
Networks 

Measure Structural 
Variation 

…… 

Visualize Novel Connections 

After 



Example 1: Small World Networks 

Watts in 1998 has over 4,660 citations and 
has played a pivotal role in establishing the 
field of complex network research.  







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 



Ever since Geim published his first paper on graphene 
in Science in October, 2004—"Electric field effect in 
atomically thin carbon films"—the two-dimensional 
variation on graphite has taken materials science and 
condensed-matter physics by storm, while launching 
Geim into prominence among Thomson Reuters’ 
measures of hot researchers in the field. Geim’s 2004 
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 
mechanical properties of these materials, "Two-
dimensional gas of massless Dirac fermions in 
graphene," which has been cited roughly 650 times. 
Beginning in early 2007, this paper spent more than a 
year on the upper rungs of the Science Watch® Physics 
Top Ten.  
 

U. Manchester's Andre Geim: Sticking with 
Graphene—For Now 

The Science Watch® (Print Version) Newsletter 
Interview 



16 References Cited by the Seed Article 

7,203  
Related Records 

(1980-2011) 

6,033  
DT=Article 

554  
(1999-2003) 

Select Citers 
Citations >= 10 

29,848 References 
N=359, E=8,299 

Clustering: 32 clusters (a=0.6) 
Baseline: Entire history 

Top 100 per year 
(1999-2004) 

3,243 
(2004-2008) 

Seed 
(2004) 



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

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

(16) Nanotube molecular wires as 
chemical sensors. Science, 287(5453), 
622-625. Times Cited: 2,733 
 

(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 
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chemical sensors. Science, 287(5453), 
622-625. Times Cited: 2,733 
 

(14) STM INVESTIGATION OF SINGLE LAYER 
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Science, 264(3), 261-270. Times Cited: 217 
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451-454. Times Cited: 297 
 

… there is a constant search for new, 
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). 

Planar graphene itself has been presumed 
not to exist in the free state, being 
unstable with respect to the formation of 
curved structures such as soot, fullerenes, 
and nanotubes (5-14). 



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. IIS-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. 




