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Outline

Objectives and background

 Stories of what we’ve tried, what has worked and what hasn’t

Wrap-up with lessons learned
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Objectives

Published objectives
– Experience state-of-the-art methods for visualization of science and 

technology

– Understand how a map of the scientific terrain anticipates where 
technical/commercial opportunities are likely to arise

– Analyze commercial opportunities from the emerging field of 
nanotechnology
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List of questions

What does the field look like?

What are the key topics? What are the hot topics?

Where are things likely to go in the future?

Who are the key players? Who should I be worried about? Who 
should I collaborate with? (people and institutions)

 Is there commercial opportunity?

What are my competitors doing? Are they any good?

What is country X doing in field Y?

My technology needs a tweak. Is there science that would inform 
this? If so, where?
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I’ve been asked a question, now what?

Is my niche in bionanotechnology likely to produce commercial 
results?

Get the right data

Classify / categorize the data

Analyze the data

Report my results



6

Stumbling blocks

Defining the field properly – getting the right data

Unclear understanding of how things evolve

11th International Conference on Scientometrics and Informetrics 
Madrid, 25-27 June
[http://issi2007.cindoc.csic.es/]

Extended deadline for short papers or presentations: April 3
Call for papers and presentations

Workshop on:
Taking CiteSpace to Science: new applications to visualization programming

The visualization freeware CiteSpace was developed by Chaomei Chen at Drexel University, US. Originally it was meant as 
an instrument for analyzing paradigmatic shifts in scientific specialties. In several articles Chen has shown the abilities of the 

program, but one of the weaknesses is the definition of a scientific field. We invite papers 
that discuss different approaches to this important problem. How reliable are strategies on the basis 

of keywords, on subject codes, or on selected sets of journals? If researchers normally are active in many different journals
covering 15-20 different subject codes what does that say about using the ISI codes for definition of specialties? 

http://cluster.cis.drexel.edu/~cchen/citespace/
http://issi2007.cindoc.csic.es/
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Some things we’ve tried

Look at the key journals

Do keyword searches – big hairy boolean query

Map all of science
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Journal-based field definition

Get papers from a list of journals

Cluster, count, trend analysis, etc.

But
– Misses essential materials

– Includes much outside topic area of interest
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Keyword-based field definition

Get individual papers

Cluster, count, trend analysis, etc.

Better field definition than journals; can be very good, but 
depends on exact query

But
– Usually requires many iterations with subject matter experts (SME) to 

refine the keyword list

– Time-consuming

– Misses essential material due to non-standard vocabulary
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Mapping all of science

Generate a map of science once, and use it over and over again
– Initial work is time consuming

Have SME supply seed information (papers)
– Papers map to clusters and sets of terms

– Give SME term lists of initial clusters and linked clusters and have them 
rate the term lists

– Iterate 2-3 times, about an hour of SME time

Better field definition than keywords
– Very good focus on topics of interest due to iterative nature

– Includes material that would not be found from keyword searches

– Clearly shows linkages to other topics/fields

– Current (topics) vs. reference (paradigm) distinction important – can’t be 
shown using other methods
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Example 1

What does the field of nanotechnology look like?

 Journal-based field definition
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List of journals

 10 core journals with NANO in the title
– Current Nanoscience

– Fullerene Nanotubes and Carbon Nanostructures

– IEEE Transactions on Nanotechnology

– IEEE Transactions on Nanobioscience

– Journal of Computational and Theoretical Nanoscience

– Journal of Nanoparticle Research

– Journal of Nanoscience and Nanotechnology

– Nano Letters

– Nanotechnology

– Physica E: Low Dimensional Systems & Nanostructures

 2005: 2310 papers in these 10 journals
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BUT …

… if you do a boolean search on TAK (title, abstract, kwd)
– Standard nano search string [self-assembl*, atomic force microsc*, scanning tunneling 

microsc*, molecular device, molecular motor, molecular sensor, molecular simulation, quantum comput*, 
quantum dot, quantum wire, nano* (omitting nanosecond, nanoliter, nanometer)]

 2005: 56,000 papers in 2,600 journals

Where are the nano- papers?
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All over the place

rank jnl # nano papers fraction field

1 PHYS REV B 1818 27.0% PHYS
2 APPL PHYS LETT 1583 34.5% PHYS
3 J PHYS CHEM B 1456 41.5% CHEM
4 P SOC PHOTO-OPT INS 1428 8.6% OPT
5 LANGMUIR 998 53.5% CHEM
6 J APPL PHYS 918 27.1% PHYS
7 J AM CHEM SOC 788 22.5% CHEM
8 PHYS REV LETT 687 17.9% PHYS
9 MATER RES SOC SYMP P 682 36.8% MATLS
10 NANOTECHNOLOGY 623 95.1% NANO
11 CHEM MATER 519 48.9% CHEM
12 AIP CONF PROC 503 9.5% CHEM
13 THIN SOLID FILMS 502 34.7% MATLS
14 NANO LETT 455 96.2% NANO
15 POLYMER 441 32.0% CHEM
16 JPN J APPL PHYS 1 431 21.8% PHYS
17 APPL SURF SCI 421 36.0% MATLS
18 J CHEM PHYS 409 14.3% PHYS
19 ADV MATER 404 66.7% MATLS
20 MACROMOLECULES 402 25.5% CHEM
21 CHEM COMMUN 398 24.1% CHEM
22 J CRYST GROWTH 396 31.9% MATLS
23 MATER LETT 381 39.0% MATLS
24 J MAGN MAGN MATER 364 29.6% MATLS
25 CHEM PHYS LETT 355 23.0% PHYS
26 SURF SCI 335 44.7% MATLS
27 ANGEW CHEM INT EDIT 326 21.6% CHEM
28 MATER SCI FORUM 310 11.6% MATLS
29 CARBON 307 60.8% CHEM
30 PHYSICA E 307 71.1% NANO
33 J NANOSCI NANOTECHNO 302 91.2% NANO
124 J NANOPART RES 87 100.0% NANO
125 IEEE T NANOTECHNOL 86 75.4% NANO
154 FULLER NANOTUB CAR N 72 71.3% NANO
219 J COMPUT THEOR NANOS 46 76.7% NANO
367 CURR NANOSCI 23 92.0% NANO
434 IEEE T NANOBIOSCI 18 45.0% NANO
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Example 2

What are the hot current topics in the field of solid-state lighting 
(SSL)?

Keyword-based field definition

SSL analysis, joint with Jeff Tsao, Sandia
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Boolean search

lum*semic*

copolym*
OR   polym*
OR   organic
OR “II-VI”
OR “III-V”
OR “III-nitride”
OR “gallium nitride”
OR “GaN”

light emi*

“active layer”
OR “active region”
OR “clad layer”
OR “cladding layer”
OR “well layer”
OR   epit*
OR   hetero*
OR “pn junction”
OR “II-VI”
OR “III-V”
OR “III-nitride”
OR “gallium nitride”
OR “GaN”

“plasma”
OR “noble gas”
OR   fluoresce*

layer*
OR copolym*
OR polym*
OR organic
OR diode*
OR semi*

“an”
OR “HB”
OR “white”
OR “UV”
OR “blue”
OR “green”
OR “amber”
OR “red”

LED

array*
OR dev*
OR display*
OR element*

“semiconductor light source”
OR (solid state light*)

“EL”

dev*
OR   display*
OR “element”
OR “elements”
OR   lamp*
OR   panel*
OR   phosphor*

“LEDs”
OR    OLED*
OR (“a LED” NOT (“led to” OR “led from”))

electrolum*
OR electrophos*

S1 S2 S3

S4

S5
S6

S7

SSL = S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7
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Partitioning the data

oled*
OR polym*
OR monom*

O =   OR ligand
OR hydroxy
OR macromol*
OR (organic <not> metalorganic)

SSLOrganic = SSL AND Organic
SSLInorganic = SSL NOT Organic

SSL
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Process

 Boolean search identified 35,000+ papers from 
1977 to 2005

 Papers were mapped based on common items in 
their reference lists

– Calculate paper-paper similarities 
– Use graph layout tool to determine 

coordinates
– Generate cluster assignments based on 

proximity and edges in the graph
– Repeat at cluster level …

 4000+ separate clusters identified
– Repeated clustering generated ~500 second-

level clusters and ~50 third-level clusters
– 50 third-level clusters were mapped, and 11 

high level areas were identified by hand
– Multi-document summarization was used to 

extract key phrases for each cluster

 Hot current topics were sought among the 500 
second-level clusters

– Current: mean publication year for cluster > 
2000

– Hot: ratio of actual citations to expected 
citations > 2.0
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Annotated literature map

A: Materials
B: …
C: …
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 50 Clusters

 11 hand-assigned Superclusters (A1-C2)
A1-A7:  Materials oriented
B1-B2:  Phenomena/structure oriented
C1-C2:  Instrumentation oriented
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Hot SSL science clusters

A1: GaAs, InP

B1: Carrier Dynamics

A2: Se, Te, Mn, Fe

A7: Si, 
SiO2

A3: GaN 

A6: OLEDs

A5: S, Se

C1: HMVR
Instru-

mentation

B2: Quantum 
Dots/Wires

A4:
TCOs

C2: Sensors

Spintronics

Nano-
phosphors

AlGaN UV LEDs

Nanowires

ZnO Synthesis

Polyfluorenes

Electrophosphorescence

Cactual

Cexpected

3.0-

2.0-3.0

1.0-2.0

0.5-1.0

-0.5
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Nanophosphors

 1993-94 breakthrough (MIT, UC Berkeley):

– precipitation technique for 
monodisperse CdSe nanocrystals

– observation of high photoluminescence 
efficiencies and quantum size effects

 Since then, great interest in:

– multi-step synthesis of “core-shell” 
nanocrystals

– extending range of semiconducting 
materials and emission wavelengths

– polymer/nanocrystal devices

 Promise:

– Ultrasensitive biomolecular assays (e.g., 
antibodies, RNA)

– Tunable scatter-free wavelength 
downconversion

– Hybrid inorganic/organic LEDs
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Electrophosphorescence

 1998 breakthrough (Princeton):

– efficient light emission from 
triplet states of phosphorescent 
dye in Alq3 host

 Since then, great interest in:

– optimizing host/dye 
combinations for host-to-dye 
energy transfer and subsequent 
light emission

– extension to blue

– extension to polymers

 Promise:

– Improve the previous 25% limit 
on quantum efficiency from 
singlet states alone to 100%
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Nanowires

 2000 breakthrough (Harvard):

– extension of vapor-liquid-solid 
(VLS) technique to compound 
semiconductor nanowires

 Since then, great interest in:

– further extension to wide range of 
compound semiconductors (e.g., 
GaN, ZnO)

– nanowire devices (e.g., nanowire 
LEDs)

 Promise:

– Nanoelectronics and 
Nanophotonics

– Unconstrained defect-free crystals

– Higher extraction efficiency LEDs
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Example 3

Is my niche in bionanotechnology likely to produce commercial 
results?

Mapping all of science
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Mapping all of science
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Successive Clusterings

– Iteratively use graph layout and modified single-link to do nested clustering
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Representative model

 Combined SCIE/ SSCI

 3 levels of clustering used

– 820k reference papers

– 53k communities

– 6100 level1 clusters

– 776 paradigms

– 760k current papers

 Gives a structure of 
scientific paradigms rather 
than disciplines

 Indicators calculated at the 
“community” level

 Aggregated results displayed 
at the “paradigm” level
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Zoomed version
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Additional features

Extract key phrases from level1 clusters

Additional text-based data can then be probabilistically mapped 
to clusters
– Patents, grants, corporate documents, etc.

 150k patents from 2005
– retrospective – which clusters have already shown strong linkage to 

current patents, thus commercial potential

 180k grants from 2005
– prospective – which clusters are currently getting large amounts of 

government funding
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Starting point for analysis

Question: Is my niche in bionanotechnology likely to produce commercial results?

 Seed papers
– 4-5 papers from most current model year
– 4-5 most key older references

 Find clusters with seed papers > seed clusters

 Find clusters that are highly linked to seed clusters
– Dump key phrases from seed and linked cluster

 SME then examines the phrases from each cluster and ranks them as YES, Probably 
Yes, Probably No, NO (15 minutes)

 Iterate on YES and Probably Yes answers
– Dump key phrases from YES, Probably, and linked clusters
– SME ranks clusters again

 Resulting YES, Probably YES answers used as field definition

 Total SME time to this point – typically less than one hour
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Analysis and reporting

Extract all clusters (YES, Prob Yes, Prob No, NO) from the 
overall map

Extract additional information by cluster
– Patent counts, patent impact, grant counts, grant amounts

Create visuals
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Communities of interest
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Communities of interest
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Communities of interest
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High vitality – fast-moving science
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High vitality – fast-moving science
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Patent production and impact
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Patent production and impact
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NIH funding
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NIH funding
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NSF funding



42

DOE funding
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Recap

 Defining the field properly – getting the right data – is critical to getting the 
best results

 Journal-based searches miss far too much material, and often include material 
that is not relevant

 Keyword-based searches can be very good

– Require a great deal of SME interaction and multiple iterations to generate a well-
posed query

– Can still miss material that doesn’t use the “right” words

 Mapping all of science (or large chunks) and using our new iterative method 
for selecting appropriate clusters gives very good results

– Very good topic focus

– Includes material that would not be found from keyword searches

– Clearly shows linkages to other related topics/fields
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Recap

Patents can be linked to science maps
– They give a retrospective view on the established working paradigms in 

science that are having a commercial impact

Grants can be linked to science maps
– They give a prospective view of which working paradigms are currently 

well funded

– Comparison of patent and grant visuals can give us an idea of where 
publicly funded science will be available to draw upon for commercial 
activity

Linking patents and grants isn’t limited to our new method, but 
can be done with keyword-based analyses, making it valuable for 
exploring commercial opportunity
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What if I don’t have the “all of science” data?

 If you have data on hand, use all of what you do have
– Map your holdings so the results can be used for multiple analyses
– Detailed method descriptions are available in my publications

Email me, and I’ll put them on FTP for you

– Use the starting point and iterative cluster selection process

 If you have online access, use the keyword-based query model
– Map the query results using the same process used for the “all of science” maps
– Keep your resulting datasets and merge them once you have several

 If you have Web of Science access, consider using CitespaceII, freeware by 
Chaomei Chen, Drexel for mapping

 Patent and grant data are free, and can be linked to your maps using simple 
database routines

Patent data – weekly update XML files at www.uspto.gov
Patent data – Google patents – hire a student to scrape it
Grant data – RAND RaDiUS database, get a password, most records have unlimited 

access

http://www.uspto.gov/
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