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The Problem
 

•	 How can we gain foresights of the development 
of scientific fields and disciplines? 

•	 How can we get better prepared for the future 
based on the past and present? 



 

  

   

   

  

   

   

 

Measuring the Impact in terms of 

Structural Variation
 

•	 How to measure the potential value of a stream 

of new ideas, or information in general, in 

terms of how it may alter the current 

knowledge of a scientific domain, which may 

range from specialties to disciplines 

•	 How to identify factors that influence the 

diffusion of specific knowledge. 



  Extrinsic Indicators
 

•	 Citations received  
•	 Citations increased  fast  
•	 Times viewed online  
•	 Times downloaded  
•	 Produced by  reputable researchers  
•	 Published  in high-impact journals  
……  
However,  
•	 The underlying  reasons are not clear.  
•	 One may  have to  wait for data to  accumulate, e.g. getting  citations.  
•	 It is hard  to  act on  such  information  along.  
•	 Past may  not be a good  indicator of the future (at least in  this 

context)  
 



  

 

Intrinsic Indicators
 

•	 Novelty of  a concept  
•	 Novelty of  a new  association  
•	 Strength  of  an as sociation  
•	 Centrality of  a paper  
……  
Advantages:  
•	 Measure the  substance of  new  ideas  directly  
•	 Reduce the necessary exposure time before making 

estimates  
•	 Provide more information  about the reasons  for an imp act  

or an  anticipated  impact  
•	 Provide specific targets  to act  on  
 



  

  
 

How Scientific Knowledge Grows
 
The Simplest Scenario 

after before 



  

 
    

    

Transformative Growth: 

Existing beliefs are altered and overturned
 

The name of the game in science
 

before after 
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Cause and Effect 
A Few Typical Sources of System-Level Impact 



   
 

How Our Beliefs Are Changed by New Information
 
Example: Post-Traumatic Stress Disorder (PTSD)
 



 

 

 
  

     
    

 

 

 

 

  
  

 

Measuring Transformative Potential in terms of 

Structural Variations
 

A) new between clusters; B) existed between clusters 

unprecedented 

existing 

C) new within cluster; D) existed within cluster 

C 

A 

D 

B 

A, B =>> Cluster Linkage 
A, B, C, D =>> Modularity; 
Centrality Divergence 
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Structural Variation 

• Modularity Change 

• New Bridges between Clusters 

• Centrality Divergence 
Source: Chen, C. (2010) Measuring Structural Change in Networks due 
to New Information. NATO IST-093/RWS-015 Workshop on Visualizing 
Networks: Coping with Change and Uncertainty. Griffiss Institutes, 
Rome, NY. October 19-21, 2010. 



 
  

    

Examples: Scientific Literature
 
Small World Networks 

New bridges made by Watts in 1998 



 
    

Examples: Scientific Literature
 
Small World Networks – Before Watts 1998
 



                     

                            

      

 
    

Examples: Scientific Literature
 
Small World Networks – After Watts 1998
 

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. 



 

  
      

       

     

          
        

Predictive Effects of Structural Variation Variables 

on Future Citations
 

The Strengths of Boundary-Spanning Signals versus Extrinsic Signals 

Goals: 1) Follow the guidance of intrinsic signals to transformative research 

2) Anticipate where new breakthroughs may emerge 

Sources: Chen, C. (2012) Predictive effects of structural variation on citation counts. Journal of 
the American Society for Information Science and Technology, 63(3), 431-449. 

http://dx.doi.org/10.1002/asi.21694


  
 

          
        

Examples: Scientific Literature
 
Terrorism 

Sources: Chen, C. (2012) Predictive effects of structural variation on citation counts. Journal of 
the American Society for Information Science and Technology, 63(3), 431-449. 

http://dx.doi.org/10.1002/asi.21694


 
 

 
 
 

 

System-level 
perturbation 

Situation 
awareness 

Predictive 
Hot topics 

effects 



Source:  Chen,  C.,  Hu,  Z.,  Liu,  S.,  Tseng,  H.  (2012)  Emerging  trends  in regenerative medicine:  A  
scientometric  analysis  in CiteSpace.Expert  Opinions  on  Biological  Therapy,  12(5),  593-608.  

http://cluster.ischool.drexel.edu/~cchen/papers/2012/EOBT2012.pdf
http://cluster.ischool.drexel.edu/~cchen/papers/2012/EOBT2012.pdf
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http://cluster.ischool.drexel.edu/~cchen/papers/2012/EOBT2012.pdf
http://cluster.ischool.drexel.edu/~cchen/papers/2012/EOBT2012.pdf
http://cluster.ischool.drexel.edu/~cchen/papers/2012/EOBT2012.pdf




     KAJI KEISUKE, 2009, NATURE, V458, P771, 10.1038/nature07864 Cited 321.
 



   JAENISCH RUDOLF, 2008, CELL, V132, P567, 10.1016/j.cell.2008.01.015 Cited 379  times
 









 
 

Examples: Patents
 
Time Taken to Citation 



 
   

NCI Patents: Time to Citation
 
blue (0) – active; red (1) - inactive 



 NCI Patents in Context
 











Predictive Effects  of Structural Variation 
 
Variables on  Patent Citations
  

Top  100  per slice,  MST,  Look Back 5  Years  

mean(globalCites)=3.0077;  variance(globalCites)=43.04451  

  N=2,065; Theta=0.3504 
 AIC(zinb)=8,146 

 Count model coefficients   Zero-inflation model 

 Variables IRR  z   p IRR  z   P 

 Intercept  0.0001  -142.301  0.0000 0.1374   -4.146  0.0000 

 Existing 
  transformative links 

  1.1604  1.953  0.0508 0.6295   -0.290  0.7716 

 Existing 
  incremental links 

  1.0216  2.595  0.0095 0.0834   -2.371  0.0177 

 Novel   0.9998  NA  NA 20.1540   2.103  0.0355 
  transformative links 

 Novel   1.0047  2.619  0.0088 0.4987   -1.771  0.0765 
  incremental links 

 Modularity  1.0351  2.107  0.0351 0.0061   -1.818  0.0690 

 Cluster linkage  0.1379  NA  NA 0.0000   -1.938  0.0526 

 Centrality divergence  22.2186  3.399  0.0007 287.4846   2.189  0.0286 



 
   

ZINB is better than NB
 
(N=2,065, theta 0.2794, AIC=8174.781) 

Variables   IRR  Z  p 

 Intercept  2.664  21.834  0.0000 

  Local existing transformative links   1.295  2.835  0.00458 

 Local existing incremental links   1.038  4.763  0.00000 

  Local novel transformative links   1.068  1.562  0.11838 

 Modularity  0.991  -0.664  0.50655 

 Cluster linkage  0.000  -2.154  0.03125 

 Centrality divergence  3.075  3.199  0.00138 

    
   

Vuong Non-Nested Hypothesis Test-Statistic: -3.12993 
ZINB > NB, p = 0.00087 





 
 

Examples: Patents
 
Where are the novel links? 



 
 

Examples: Patents
 
US6537746 

Inventor:  Arnold  Frances  
Issued: 2003  
Novel  transformative  links: 651  
Existing  links: 36  
Cluster linkage  index: 3.50  
Centrality divergence: 1.02  
Modularity change: 39.75  
Patent citations: 22  



 
 

Patent 

US6537746
 



   

  
 

  
 

 

 
 

 
 

A Visual Analytic Approach to Portfolio Analysis 

•	 Boundary spanning and bridge building as early 
signs and explanatory mechanisms of 
transformative potential 

•	 The capability of tracing the long-term negative 
impact of retracted articles as an integral part of 
portfolio analysis 

•	 More in-depth case studies to identify the scope 
of the structural variation theory 

•	 Automatically generate representations of 
knowledge at predicate levels 


