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Overview

• Accuracy studies

• Overview of 2 recent papers
– Convergence or consensus?

• Comparison of 20 maps of science
• Submitted to JASIST (under review)

– Linking science/technology through inventor-authors
• Using rare names
• Accepted for publication in Journal of Informetrics

• Simplified circle map and uses



Accuracy is critical

• Use of science maps for policy requires that they be as 
accurate as possible
– If metrics or rankings are to be used, this is also true for any 

science classification structure, regardless of whether it is 
“mapped” or not

• We have done several accuracy studies
– Journal maps: explored the local and regional accuracy of 

different similarity measures using ISI categories as a standard
– Paper-level maps: explored local accuracy and disciplinary bias 

of two similarity measures, and two levels of pruning
– In general, normalized similarity measures show reasonable 

agreement with category structures



Accuracy studies have limitations

• Is there a single map of science or classification 
structure?
– Some conversation between Börner, Boyack, Leydesdorff, 

Rosvall, Small, and others several months ago ended up with a 
“NO”

– Multi-dimensional system, any single map might miss important 
facets

– Disagreement on whether we should even try to come to some 
“convergence” or not

• So, where do we go next, given that
– There is no single accepted map
– There is no fully accepted standard



Is there a case for convergence?

• We decided to compare/contrast all of the 
“comprehensive” maps of science that we could find

• We found 20 in the following categories
– Hand-drawn (4)

• 3 by experts
• 1 based on course pre-requisites

– Electronic (16)
• 6 reference paper maps
• 7 journal maps
• 3 journal category maps



Maps and references



Map forms

• Hierarchical (linear)

• Centric (hub/spokes)

• Non-centric (ring)



Comparing maps of science

• Maps all conform to the following:
– Division (separation of science into parts)
– Proximate location (related parts are adjacent)
– Linkage (additional linkages for non-adjacent parts)

• Need a basis of comparison since all maps are at 
different levels of detail

• It was quickly determined that convergence was not 
happening, so we switched to looking for “consensus”



Procedure

• Develop a framework

• Code all maps using the framework

• Simplify each coded map (eliminate duplicate edges)

• List paired relationships

• Used paired relationships from all maps to determine 
consensus, and to measure relative accuracies of all 
maps



Framework

• Science was divided into 16 broad areas
– Fundamental areas (4): Math, Physics, Chemistry, Biology 

mentioned in all maps
– Fundamental combinations (2): Physical Chemistry, 

Biochemistry mentioned in most maps
– Applied areas related to physics/chemistry (3): Computer 

Science, Engineering, Earth Sciences
– Applied areas related to biology (3): Infectious Disease, Medical 

Specialties, Brain Research
– Applied areas dealing with social issues (3): Social Sciences, 

Health Services, Psychology
– AHCI (1): Humanities



Coding example







All maps and codings available at www.mapofscience.com/history/maps

http://www.mapofscience.com/history/maps






Consensus pairs



Consensus map



Consensus map (w/o KBB maps)



Consensus map

• Map is NON-CENTRIC – if all consensus (>50% edges) 
are used

• Map is HIERARCHICAL – if only top 15/16 edges used



20 maps on the consensus map



Accuracies of 20 maps



Reasons to favor NON-CENTRIC

• Riemannian (curved) space is inherently more accurate 
than Euclidean (x,y,z) space

• Hierarchy and centric maps both imply favored status

• Non-centric maps
– Do not impose artificial boundaries
– Can show interdisciplinarity and new discoveries in an exciting 

way



Consensus map summary

• Consensus map generated from 20 maps
– Robust
– NON-CENTRIC map if all consensus edges are used

• Simplified map (circular) may be an effective map for 
policy purposes
– Show interdisciplinary
– Show technology (patent) profiles
– Etc.



Science / technology interaction



Linking patents to articles

• Variety of methods possible
– Text (titles, abstracts, etc.)

• Patent abstracts tend to have different language than article 
abstracts

– Non-patent references
• Roughly 2/3 are to articles/proceedings papers
• Data cleaning is an issue; no standard format

– Inventor-authors
• Name disambiguation is an issue
• Relatively small overlap between authors / inventors



We use inventor-authors

• Data: Scopus papers, USPTO patents, 2002-2006

• To circumvent the name disambiguation issue we focus 
on uncommon names

• Assumes that patents belong to the same discipline or 
paradigm as the papers
– Both come from the same intellectual space (the inventor-

author’s output)



Method

Articles
• Author-Org pairs for all 

papers 2002-2006

• Find fraction of author for 
each Author-Org pair

• Limit set to those with 
frac>0.5 (assures each 
name appears only once)

Patents
• Inventor-Assg pairs for all 

patents 2002-2006

• Find fraction of inventor 
for each Inv-Assg pair

• Limit set to those with 
frac>0.5

• Join data using Auth=Inv
• Check Org=Assg to assure match



Data



Validated institutional matches

• 84,402 potential matches (rare author name matches) 
were manually inspected. 18,251 of these matches had 
an institutional match as well

• 55,387 patents (6.7% of US patents over the time frame) 
were invented by these matched authors
– Patents were fractionally assigned to disciplines and paradigms 

through the “patent-inventor/author-paper-paradigm” linkage 
chain

– 132,600 papers were authored by these 18,251 inventor-authors



Patent IPC distribution



Patent IPC Distribution

• Sample is not representative of actual 
distribution by class

• Should it be? - NO
– Representative distribution assumes that all patents 

and classes are equally likely to be inherently linked 
to science

– We believe this is a faulty assumption
• Some classes intuitively do not link to science (e.g., 

A4 – Personal articles, E0 – Building)
• Others are intuitively science based (e.g. C0 –

Chemistry, A6 – Health)
• Different industries have different publishing habits



Patent map (IPC subclasses – 3 char)



Using maps as templates



Disciplinary map – paper counts

Math; Physics

CS; EE

Chemistry

ChE;
ME; CivE

Earth Sciences

Biology

Biotechnology

Infectious
Diseases

Medical
Specialties

Brain Research

Humanities

Social Sciences

Health Professionals



Circle map

CS & EE
Math & 
Physics

Chemistry

Chemical, Civil,
Mechanical
Engineering

Earth
Sciences

Biology

Biotechnology
Infectious
DiseaseMedical

Specialties

Health
Services

Brain
Research

Social 
Sciences



Circle map





Places & Spaces
Iteration 4



Summary

• Consensus map generated from 20 maps
– Robust
– NON-CENTRIC map if all consensus edges are used

• Simplified map (circular) may be an effective map for 
policy purposes
– Show interdisciplinary
– Show technology (patent) profiles
– Etc.
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