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Agenda 


 A Geographic Analogy  

 A Detailed  Global  Map of Science  

 Overlaps 

 Gaps  

 Identifying Potentially Transformative Research
 
  

 Summary  
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Geographic Maps
 

 Maps show  physical  space
 
   
» Existence  

» Location  

» Distance  

 Maps provide a basis on which 
other features can be displayed 
and  compared 
» Resources  

» Production  

»	 	 …   

 Overlaps  and  gaps in  features  
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Wheat Production in the U.S.
 

Overlaps in wheat types 

Gaps in wheat production 
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Science Maps Can Be Used the Same Way
 

 GEOGRAPHIC MAPS  

 Maps show  physical  space  
» Existence  

» Location  

» Distance  

 Maps provide a basis on which
other features can be displaye
and  compared  
» Resources  

» Production  

» …   PORT
 Overlaps  and  gaps in  features  

 SCIENCE MAPS 

 Maps show  abstract  space  
» Existence  

» Relative location  

» Relative distance 

 Maps provide a basis on which 
other information can be 
displayed and  compared  
» Resources  (e.g., funding)  

» 

OLIO
Production (e.g., 

 
article s)  

» …   

 Overlaps  and  gaps in  features  

 
d 

F
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Partition Size and Stability
 

SCALE  


~ 10 Fields  for all  of science  

        (e.g., Clinical  Medicine)  

~ 500 Disciplines for all  of science  

        (e.g., Endoscopic  Surgery)  

~ 8,000 Specialties  

~ 100,000 Problems  
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EVOLUTION
 
  

No morphological  change  

99+% Survival  Rate/year  

95% Survival  Rate/year  

56% Survival  Rate/year  
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 A Detailed Global Map of Science
 

7 

Scopus data 

2010 

1.7M articles 

116,000 topics 

Infectious Disease 

Medical Specialties 

Health Sciences 

Brain Research 

Humanities 

Social Sciences 

Computer Sciences 

Math / Physics 

Chemistry 

Engineering 

Earth Science 

Biology 

Biotechnology 



       

 
 

 

Overlaps
 

 Relatively simple  to calculate or display  
» Can  be shown on a single map or side-by-side  

 Can occur on a variety of levels
 
  
» Agency (e.g., NIH, NSF)  

» Institute (e.g., NCI, NLHBI)  

» Study sections  

» Programs  
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Overlaps – Agency
 

NIH NSF
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Overlaps – Program (Before)
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Overlaps – Program (After) 
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Gaps
 

 Identifying gaps assumes a reference standard  
» The problem   is that this standard often doesn’t exist   

 

 Two types of gaps  
»	 	 Counterpart  to overlaps –   these are “coverage   gaps” or 
“mismatch gaps”   
 Relatively  simple to calculate or  display 

 Can be  shown on a single map or side-by-side 
 
 

» Potentially transformative research
 
  
 Much more difficult to identify than  mismatch gaps  
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Overlaps and Mismatch Gaps
 
Astronomy Nonlinear 

Analysis Space HEP 
Algebra 

Power 

HEP Antenna 
Circuit 

Sens Comm 
Wireless Wireless 

Control AppMath Photonic 
Graph Radar HeatTr Lasers 

Logic Optics Physics 
Aerospace StructEng Circuit Fuzzy Sensor Mechanics Grid Instrum GeotechEng 

Network Image Atmos 
Climate 

Ocean 
GeoPhys Quantum 

Software AltEnergy Nuclear Materials 
Recognition Water Quatern Paleo 

Stat Cement Finance Robot 
Compos MatEng Archae Ecology Metal 

UI Transport Fuel Mineral 
IR Speech Econ Mycol Weed Linguist Sensors Optics Recog 

Marine Botany Enzyme 
SCIM Crop Bus Materials Vision Wildlife Polymer Ethics Education Plant 

Zoology 
Mgmt 

NeuroPhys HRM Catalysis Dental 
MedEduc BioMat 

Insect Food Enzyme Law Smoking Animal Ophthmal ChE ElectroChem 
Social 

Psychosis 

Spect Animal PolySci Psych Food Protein 
Disorder Protein Protect 

Policy 
Comp Chem Behavior Alzheim StemCell Tropical Semicond 

Molec Macro-HRM Toxic Endocr Med mol 
MolNeuro DevBio Epilipsy 

Family Pain Anti-Microb 
BirthDef Phys Crystallog History Clinical Cancer Oral Lipids Chem Hospice 

MedEcon 
StemCell 

Psychoan AIDS Flu 
Sleep Diabetes Virology Physiol 

Physiol Biomat Respiratory AIDS 

Organic Bone STD Orthopedics Anesth ObGyn MS Immunology Inorganic 
Hypertens 

ICU Transplant Kidney 
Derm 

Rheum Leukemia Hep 
Stroke Neurosurg Endocr 

ObGyn Urinary 
Cancer Cancer Expertise 

Pathology
Digest Proposal Venous Radiology 
Prostate Both 
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Overlaps and  Mismatch Gaps
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Gaps = Potentially Transformative Research
 

 This is where the action is! 
 
 
» Structural holes (Chaomei  Chen)  

» Interdisciplinarity (Alan  Porter)  

» Emergence (FUSE)  

» Transformative research (Agencies)  

» Hot science 
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Gap Analysis: Many Methodological Choices
 

 We have much in common with the other presenters  
» Common philosophies about science mapping and  policy  
 Have co-authored with  Katy  & Chaomei  and worked with Johan & Dewey  

 Correspond regularly  with Alan & Loet
 
  

» Processes based  on scientific method
 
  
» All interested in  using more common terminology
 
  

 … and   some differences   
» Emphasis on accuracy  
 Global  (all of science) rather than  local (keyword defined sets)  

 Topic level rather than discipline level  

 Predictive modeling 

 We model  a combination of stability and instability  

 Details provided in the break -out session  at 2:00 !  
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PTR – What Do We Look For?
 

 Should we evaluate white spaces?
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What Do We Look For?
 

 We add in ‘failures’ and ‘completed work’ from the past!
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What Do We Look For?
 

 AND … identify existing topics with high novelty
 

Not novel 

Proven 

Novel 

Proven 

Novel 

Unproven 
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Top 20 PTR Opportunities
 

Not novel 

Proven 

Novel 

Proven 

Novel 

Unproven 
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Top 20 PTR Opportunities
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Summary
 

 Science mapping can be used very  effectively for 
portfolio analysis  
» Accuracy and  detail are critical  

» Traditional  overlaps and  gaps (mismatches) are relatively simple 
to map  

 Science mapping can also be used very  effectively to 


identify potentially transformative research  
» The  concept of novelty is key  
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Thank you!
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