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• What is the nature of 
creativity?

• Is creativity measurable?

• Is there a systematic way to 
enhance our creativity?y

• Where is the next creative idea 
likely to appear?

The goal is not to predict whatThe goal is not to predict what 
exactly will be created, but generic 
mechanisms and measurable 
properties of such creation.



The Nature of CreativityThe Nature of Creativity

• Donald T. Campbell (Psychology)
Bli d i ti d l ti t ti– Blind variation and selective retention

• Albert Rothenberg (Psychology)
– The Janusian Process

To be AND not to be

Some of these theories are 
instructional – they provide 
guidance that we can follow– To be AND not to be

• Hongzhou Zhao(Physics):
– Elements of knowledge
– Binding of ‘free’ elements of knowledge

guidance that we can follow. 
Others provide no such guidance.

Binding of  free  elements of knowledge
– The Yuasa Phenomenon

• Ronald S. Burt (Sociology)
– Brokerage as a social capital and a source of good ideasBrokerage as a social capital and a source of good ideas

• Our own theory (Information Science)
– Explanatory and computational
– Structural + temporal propertiesp p p
– Early signs of transformative research



Searching for Growth Points of 
CreativityCreativity

• 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: HarvardCollins, 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 ConnectionsMaking the Right Connections
The Video Tape Recorder

Non‐mission



Literature‐Based DiscoveryLiterature Based Discovery

For example Don Swanson’s work:For example, Don Swanson s work:

Given A~B and B~C, 

C bl h h i ?Is A~C a reasonable hypothesis?



Intellectual Turning Points and Paradigm ShiftsIntellectual Turning Points and Paradigm Shifts







CiteSpaceCiteSpace
Chen, C. (2004) Searching for intellectual turning points. PNAS, 101 (Suppl. 1), 5303‐5310
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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 

t i timust remain open questions.

French, BM (2010) The convincing identification of 
i l i i h k hterrestrial meteorite impact structures: What works, what 

doesn't, and why. EARTH‐SCIENCE REVIEWS, 98.



A Roadmap Drawn by a Leading Expert in the Field



1. Structural properties: 
brokerage as a discovery g y
mechanism

2. Temporal properties: 
good ideas are in generalgood 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 ReceivedCitations Made   Citations Received

Citations received

Citations made





Theories of DiscoveryThree HypothesesTheories of Discovery Three Hypotheses

1. The number of references cited 
b i t th l

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

references cited

World cup ~ Beer
p

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

t ti l i t

Citation  number of topics 
synthesized

World cup ~ Octopus
potential impact.

3. The novelty, originality, and 
revolutionary change of 
knowledge landscape is an

Citation  number of 
previously unexpected 
topics synthesizedknowledge landscape is an 

even more fundamental 
predictor for a high citation 
count in subsequent years.

topics synthesized



Structural Variation
• Modularity

• Inter‐Cluster Brokerageg

• Centrality



ModularityModularity



Inter‐Cluster BrokerageInter Cluster Brokerage



CentralityCentrality

• The node centrality of a network G(V E) C(G)The node centrality of a network G(V, E), C(G), 
is a distribution of the centrality scores of all 
the nodes <c1 c2 c > where ci is thethe nodes, <c1, c2, …, cn>, where ci is the 
centrality of node ni, and n is |V|, the total 
number of nodes The degree of structuralnumber of nodes. The degree of structural 
change E can be defined in terms of the K‐L 
divergence we denote this metric as  lidivergence, we denote this metric as centrality.



EvaluationEvaluation

• If we rank newly published papers by theIf we rank newly published papers by the 
significance of unprecedented connections 
they added to the existing structure ofthey added to the existing structure of 
knowledge trails, what types of papers would 
be highly ranked?be highly ranked?



Example: Papers cited the 2006 JASIST paper on CiteSpace

Judit Barilan 2008

Steven Morris 2008





transformative indicator(d(t))   G

citation frequency(d(t))   G

transformative indicator(d(t))  iiGt

citation frequency(d(t))  iiGt



Example: Small World Networks

Watts in 1998 has over 4,660 citations and 
has played a pivotal role in establishing the p y p g
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.



Table 1. Main effects of structural variation on citations of articles.

Dataset D1: CiteSpace
Direct Citation

D2: CiteSpace
Related Articles

D3: Terrorism D4: Small-World 
Networks

Duration 2006-2011 2003-2009 1996-2003 1995-2001

# articles 48 2,412 1,049 2,200

References per  year 100 100 100 100 

Variables B p-level B p-level B p-level B p-levelVariables B p level B p level B p level B p level

Modularity -1.549 .016 .071 .000 .467 .008 .035 .026

Inter-Cluster  Brokerage .107 .574 .023 .336 .006 .837 -.031 .039

Centrality 161.788 .004 .512 .687 -3.694 .432 9.158 .000

Log(NR) -.095 .687 .659 .000 1.056 .000 .720 .000

Log(Length) .451 .372 -.474 .000 -1.119 .000 -.628 .000



ConclusionsConclusions
• Key Questions:

– The key to creativity is the change of a viewpoint.
H t l th l ti t d d iti l th f th d l t f– How to reveal the evolution trend and critical paths of the development of a 
scientific field at both macroscopic and microscopic levels?

– How to synthesize existing studies of scientific discovery and find 
characteristics and mechanisms of creative thinking in scientific discovery?
H t b ild th i d d t di f i tifi di d– How to build on the improved understanding of scientific discovery and 
establish a new analytic method that stimulates creative thinking more 
effectively and more transparently?

• Three Major Research Directions:
– Multiple‐Perspective Analysis of Scientific Literature
– Literature‐Based Scientific Discovery
– Generic Mechanisms of Creative Thinking in Knowledge Discovery

• Conclusions:Conclusions:
– The key questions have theoretical and practical implications on a wide range 

of scientific fields as well as on science policy, strategic planning, and 
recognizing potentially transformative research activities.

– The explanatory and computational theory of discovery has the potential andThe explanatory and computational theory of discovery has the potential and 
it can be strengthened further.

– Answering the key questions is a long‐term challenging goal.
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Case Study: Citation Context Analysis
d ( )Seed Paper (JASIST 2006)

year citers refs clusters modularity
2002 228 80 7 0.529851
2003 282 77 8 0.562672
2004 313 72 7 0.573726
2005 317 79 9 0.570106
2006 404 76 7 0.552117
2007 423 68 4 0.407325
2008 477 62 5 0.329891
2009 468 64 3 0.013305
2010 557 63 5 0.174634
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