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Outline 
• What can we learn from scientific 

literature? 
– The structure and dynamics of 

scientific knowledge 
– Structural holes and turning points 
– Gestalt switch and paradigm shift 

• What can we do with what we have 
learned? 
– Identifying emerging paradigms 
– Recognizing transformative 

discoveries 
– Predictive and proactive search and 

discovery 

1. Find a Turning 
Point 
 
 
 
 
 
 

2. Detect Early Signs 
of a Potential 
Turing Point 
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Readings 

• Chen, C. (2015) How to Use CiteSpace. https://leanpub.com/howtousecitespace  
• Chen, C., Leydesdorff, L. (2014) Patterns of connections and movements in dual-map overlays: A new method of publication 

portfolio analysis. Journal of the American Society for Information Science and Technology, 65(2), 334-351. DOI: 
10.1002/asi.22968 

• Chen, C., Hu, Z., Milbank, J., Schultz, T. (2013) A visual analytic study of retracted articles in scientific literature. Journal of 
the American Society for Information Science and Technology, 64(2), 234-253. DOI: 10.1002/asi.22755 

• 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. 

• Chen, C. (2006) CiteSpace II: Detecting and visualizing emerging trends and transient patterns in scientific literature. Journal 
of the American Society for Information Science and Technology, 57(3), 359-377. 
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Population of Users 
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Visualizations Generated Using CiteSpace 
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temporal 

geospatial 

adaptive 

Tracking Emerging Trends and Evolving Patterns 
Ebola (1980-2014) 

evolving 

tweets 

collaboration 

portfolio 

translational 

overview 
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Ebola 
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Terrorism 
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Drexel University 

A network of 30,640 references with 133,975 co-citation instances in top 
10% most cited publications of Drexel University each year (2000-2014)  

Modularity Q=0.9756, Mean Silhouette=0.5702 
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Procedures 
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Example: Data Visualization 
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Past 180 Days 
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Geographic Map of Collaborating Authors 
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Data Visualization + Information Visualization 
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Data Visualization + Information Visualization 
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Data visualization 
Information visualization 



Data Viz v. Info Viz 
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Data Visualization (Red) vs Information Visualization (Green) 
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Top 10 papers that alter the 
modularity of the network the most 





Searching for an Intellectual Turning Point 
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…… 
 
Burton, R.E., & Kebler, R.W. (1960). The “half-life” of some scientific and 
technical literatures. American Documentation, 11, 18–22. 
 
…… 
 
Price, D.D. (1965). Networks of scientific papers. Science, 149, 510–515. 
 
…… 

Scientific Literature = Classic + Transient 
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Theory: Thomas Kuhn: The Structure of Scientific Revolutions 

Crisis 

Normal 
Science 

Competing 
Paradigms 

Paradigm 
Shift 

Intellectual Turning Points 
Gestalt Switch 

Paradigm Shift 
View Changing 

before after 



The Role of Citation in Scholarly Communication 
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Mass Extinction 

TURNING POINT 
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Mass Extinction 

classic 
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Terrorism 

Structural hole 
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Regenerative Medicine 
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Regenerative Medicine 
(2000-2011). The two 
labeled articles represent the 
work that was awarded the 
2012 Nobel Prize in 
Medicine. Red rings indicate 
the period of citation burst – 
hot spots. 

Nobel Prize in 
Medicine 2012 

Regenerative Medicine 
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Dual-Map Overlays 

Chen, C., Leydesdorff, L. (2014) Patterns of connections 
and movements in dual-map overlays: A new method of 
publication portfolio analysis. Journal of the American 
Society for Information Science and Technology, 65(2), 
334-351. DOI: 10.1002/asi.22968 
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Trajectories of a Community 
e.g. view changing = long distance shift 

Chen, C., Leydesdorff, L. (2014) Patterns of connections 
and movements in dual-map overlays: A new method of 
publication portfolio analysis. Journal of the American 
Society for Information Science and Technology, 65(2), 
334-351. DOI: 10.1002/asi.22968 
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Retracted Articles in the Literature 

Retracted Paper 

Chen, C., Hu, Z., Milbank, J., Schultz, T. (2013) A visual analytic study 
of retracted articles in scientific literature. Journal of the American 
Society for Information Science and Technology, 64(2), 234-253.  
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Uncertainty and Inaccuracy: Wakefield 1998 
Chen, C., Leydesdorff, L. (2014) Patterns of connections and movements in dual-map overlays: 

A new method of publication portfolio analysis. Journal of the American Society for 
Information Science and Technology, 65(2), 334-351. DOI: 10.1002/asi.22968 

 

trajectories 
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932 articles directly cited Wakefield 1998 

10481 One-Step Expansion 59 



A z-score Enhanced Dual-Map Overlay 
68,263 distinct references in 18,000+ publications by 3,790 

authors at Drexel University 
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Chen, C. (2006) CiteSpace II: Detecting and visualizing emerging trends and transient patterns in scientific literature. Journal of the 
American Society for Information Science and Technology, 57(3), 359-377. 

Turning Point 

Detecting Early Signs of a Turning Point 
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S S 

Scholarly Publications Impact on 
Scientific Knowledge 

Complex Adaptive System 

Perturbations  
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Transformative Potential and Future Turning Points 
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How Does It Change a Network of Citation? 
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Regenerative Medicine 
 

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. 

detecting change 
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 

 

Tipping points 

Detecting Transformative Discoveries 
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Surpreme Court Opinions 
Scientific Publications 

National Cancer Institute’s Patents 

Predicting Structural Changes 

overview 

Detecting Early Signs of Fundamental Change 
Monitoring Novel Patterns 
Analyzing What-If Scenarios  

• Competitive Intelligence 
• Strategic Planning 
• Market Analysis 
• Supply Chain Evaluation 
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The synthesized network of classic work prior to the birth of the 
small-world network.  

Small-World Networks (1990-2010): Before 1998 

structural variation 
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Small-World Networks (1990-2010): After 1998 

structural variation 

Emerging Paradigm 
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Zero-inflated negative binomial regression (ZINB) and negative binomial (NB) models of 
global citation counts of 3,515 citing articles on complex network analysis (1996-2004).  

Complex Network Analysis (1996-2004) 

• The expected change in GlobalCites for a one-unit increase in Weighted Cluster Linkage is 3.103 (IRR – Incident 
Rate Ratio) holding other variables constant. 

• The expected change in GlobalCites for a one-unit increase in NR is 1.103 (IRR) holding other variables constant. 
• The log odds of being an excessive zero – The Number of Cited References (NR) is a good predictor of excessive 

zeros. 
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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. 
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Structural Variations in Networks of Patents 
A minimum spanning tree of a network of 1,726 co-cited patents related to cancer research.  
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Recombinant Patents 
structural variation 
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NCI Patents Expanded 
Negative Binomial 

Input: 2,065 patents in the expanded NCI patents dataset 
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NCI Patents Expanded 
Zero-Inflated Negative Binomial 

ZINB model of 2,065 patents in the expanded NCI patents dataset 
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NCI Patents Expanded: ZINB Extended 

The ZINB model with more structural variation variables  
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Footprints of 10 Most ‘Influential’ Cases 
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Citing Articles 
663/854 

Top 500 
Related Records 
11,606 

Top 500 
Related Records 
11,428 

Top 500 
Related Records 
18,913 

Structural Variations in the Context of CiteSpace 
Data set: 2,243 

1. Keywords 
2. Co-Cited References 

2004 
PNAS 

2006 
JASIST 

2010 
JASIST 

cites 

cites 

cites 

34 

61 

74 

76/118 

136/210 

43/47 

cites 

cites 

cites 

cites 

Citing Articles 
762/909 

cites 

Citing Articles 
164/176 

cites 
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A Network of Co-Occurring Keywords 
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2004 PNAS 

2006 JASIST 
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2004 PNAS + 2006 JASIST 

85 



A Network of Co-Cited References 
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Modularity Change Rate 
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A 

A 

B 

B 
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Summary 

• What is the most valuable information? 
– Information that has the potential to change the landscape of the current 

knowledge. 
– Information that has the potential to change the trajectories over such 

landscapes. 

• How common is this phenomenon? 
– Scientific literature 
– Patents 
– Court opinions 
– Biochemical space of compounds 
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