2

oint’

Search Technology

vantag

Alan Porter & Nils Newman | June 23, 2022

What Knowledge to Extract from
“Tech Mining”?

Empowering analysts for over 20 years

TheVantagePoint.com



Alan Porter

* “Interdisciplinary” background
e B.S.in Chemical Engineering (Caltech)
* PhD in Engineering/Psychology (UCLA)

* Research focus: Analysis of Emerging Technologies

* Georgia Tech — Co-director, Program in Science, Technology & Innovation
Policy (STIP) &
Professor Emeritus, ISYE & PubP

 Director, R&D, Search Technology
e Develop & apply text mining software (VantagePoint; Derwent Data Analytics)




* “Interdisciplinary” background
* B.S. in Mechanical Engineering (Georgia Tech)
 M.S. in Technology and Science Policy (Georgia Tech)

« Research Focus: Creating analytical tools for the management of technology

 President, Search Technology




* Overview of Tech Mining

* Some Samples:
* Multi-Generational Citation Analysis with Indications
* Tech Emergence Scores

* Comparison of Tech Mining to EEKE
* Lessons?
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How to find the “missing” R&D knowledge to enable
innovation?
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Tech Mining

Exploiting New Technologies
A for Competitive Advantage

One approach to find that

“missing” science is to use
the “Tech Mining” process

to generate R&D
intelligence systematically

Exploiting New Technologies
for Competitive Advantage

ALAN L. PORTER
SCOTT W. CUNNINGHAM

g T MERE R @ ‘
iley Series in System Engineering and Management
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The Scope of Tech Mining

Science and
Public cCy

» Government

A Research and
Development

» Academia
* Industry

Entrepreneurs
* Industry

Machine
Learning

Bibliometrics

by YiZhang
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What are we trying to find?

Entities that can answer questions.

Tech Mining Questions to Answer
rimarily from field-structured data

Who?

What?

Copyright ©1997-2022 Search Technology, Inc.
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Maclear Population from Microtome Sections”—pp.
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ce-contrast mie _scope, An experimental basis for
image inte-, . etation”—pp. 305-349.
Und-_ wood, E. E., Journal of Microscopy. vol. 89, Pt.
. Apr. 1969, “Stereology, or the quantitative evalut-
aion of microstructures”—pp. 161-180.
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5(1982), “Snell's Law: The Bane of Computer Micro-
scopists”—pp. 201-202
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1983, “Estimation of Section Thickness Unbias

by ting-Deformation”—pp. RP3-RP4.
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May 1985, nbiased estimation of particle density in

Primary Examiner—John S.
Attorney, Agent, or Firm—Perman

ity ABSTRACT

A system is disclosed for counting particles/cells
3 counting box of precisely known volume that is c
pletely inside a transparent section or sample. The box
has a chosen height with defined upper and lower limits
and appropriately selected width and depth dimensions.
It resides completely within the sample and has no sur-
face in common with » :xterior surface of the sample.
The system inch.s a compound light microscope that
has 2 depr* ui focus which is small in relation to the
thick- s dimension of the counting box. The micro-
~ope includes adjustment means for moving the focal
plane through a range which is greater than the height
of the counting box. Display means are provided which
<how the portion of the sample that is within the depth
of focus and user-operated means is provided to enable
the user to mark the ceils so displayed. Indicator means
are further provided to either audibly or visually indi-
cate to the user when the adjustment means cause the
focal plane to pass beyond either the upper or lower
height limits of the counting box. The indicator means
further includes means for accumulating a count of cells
within the counting volume as the user operates the
marker means. Means are also provided to compensate
for optical foreshortening. .

7 Claims, § Drawing Sheets

€6

accessible.
When?

challenge.

Where?

How? & Why?-

Need human analyst or
more advances in EEKE!

Field structured
bibliographic data make
some of the work easy and
large data repositories are

But finding “What” is still a
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“How to”: Ten-Step Tech Mining “Framework”

1. Spell out yourScience, Technology & Innovation (ST&I) questionsand
how to answer them

Get suitable data

Search (iterate) & retrieve ~abstract records
Import into text mining software

Refine (clean; consolidate) the data

Analyze

Visualize (Map)

Integrate with Internet analyses & expert opinion

L 00 N O Uk WN

Summarize; Interpret; Communicate (multi-dimensionally)!

10. Standardize and semi-automate where possible

TheVantagePoint.com | 8




Major Components of Tech Mining

Import

e Moving the text from the source to an analytical environment.
e Data can be in a variety of formats: Text, XML, etc...

e Scaleisan issue — many text sources do not make it easy to move large numbers of
records.

Refine

e Text analyticsis very much “Garbage in: Garbage out”.
e The most time consuming part of an analysis.

Analyze

e Patterns identification and extraction are key.
e Many approaches possible but ultimately co-occurrence is at the root of most techniques.

Report

e Text mining is an alternative to expert opinion in decision making, but itis relatively new.

e Getting decision makers to trust text analysis can be a challenge so effective
communication is key.
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Value Chain of Tech Mining (Science/Innovation Discourse

Analysis)

DISCOVERY
Literature-Based
INDICATOR Discovery (LBD)
.DEVELOPMENT

Technical Emergence

Forecasting

EVALUATION Innovation Pathways
(FIP)

COMPLEXITY

Social/Network
Analysis

Citation Analysis

@ BENCHMARKING

R&D Profiles
Topic Landscapes

VALUE
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Some Samples
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Sample #1: Citation Analysis

#1: Papers Citing Level *Diffusion scores

#2 Papers — Citing *Science Citing Overlay * Interdisciplinarity metrics

Paper Overlay Maps Malps )
. - eRelative engagement by . .
[Knowledge Diffusion] _ ISI Subject Categories | * Science overlay mapping

Tracking multi-generational
research knowledge transfer with:

*“Specialization” scores (Diversity of
areas of publication)
eScience overlay maps (Location of
publications among ISI Subject
Categories)

N\

overlay maps

eIntegration scores
(Average diversity of
areas of citation)

eScience citation maps
eBibliographic coupling

eCoherence measures (do

#3 papers draw upon \
distinct topics?)

o[ “Bibliographic Coupling” -—

measures available —e.g., #4: Papers cited
% shared references] by #3

Copyright ©1997-2022 Search Technology, Inc. TheVantagePoint.com | 12



Graphene Science Overlay Graphene Patent Overlay

@ Biomedical Sciences O Engineering © Catalysis & Separation @ Heating & Cooling @ rrotoiithography
© Chemistry © Physics @© Drugs. Medicine & Chemistry © Bectric Power © optics
. Material Sciences O Computer Sciences @ Biologics @ Semiconductors O Metals
O Chemicals & Polymers . Computing O Information Transmission

' Laboratory Equipment

About the Basemaps

The science basemap was created using publication citation index data for 2009. It features 222 Web of Science category nodes that are

How to Read the Overlay Maps

The data overlays show the number and placement of publications and patents
match “graphenc” on the respective basemap, Node size indicates the num-
ber of matching publications or patents per node. Labels and colors of the six
macro-science disciplines and the 13 macro-patent categories that contain match
ing publications and patents are given below the network maps. There exists no
relation between the colors in the two maps.

grouped into 18 color-coded macro-science disciplines, The patent basemap was computed by mining nts for the time period 2000-2006. that
It consists of 466 IPC technology nodes grouped into 35 color-coded macro-patent categories. In each network map, edges are drawn between
nodes that have a threshold above the median similarity value. The Kamada & Kawai layout algorithm in Pajek was used to Layout the networks

in a two-dimensional space~the closer two nodes are the higher the similarity between them. The basemaps show the structure of science and
technology landscape respectively and serve as 3 reference system for data overlays,

Thn secr & Doneed o s reer amen G gesy of Cae

S s . Aroe S0 U
W 0 btk b (ofaber sOm S SIS Uy

Sogy Amewwrent s Forwnght” s No. DDed 146l
2 Bturs N Amiveh N 9 ard N 51108

X.8
Mapping Graphene Science and Development: Focused Research with Multiple Application Areas,
by Luciano Kay, Alan L. Porter, Ismael Rafols, Nils Newman, and Jan L. Youtie

SANTA BARBARA, CA, ATLANTA, GA {8 VALENCGIA, SPAIN, 2014
Copyright ( Courtesy of Conter for Namotechnology in Saciety (UCSB), Georgia Tech, and Intelligent Information Services Corporation, Ingenis (CSIC-UPY)
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Sample #2: How We Generate Tech Emergence Indicators

. Specify the Science or Technology domain & suitable

database source (e.g., Web of Science)

2. Search & retrieve abstract records

(Y

~N S U0k

Select topical fields (e.g., Title & Abstract Natural
Language Processing phrases)

Refine terms
Apply thresholds
Generate emergence scores (EScores) for terms

Generate EScores for players



Emergence Output: Aerogel Patent Sample

o Aerogel Patents Emergence Report
Terms Organizations
Ei Scores v | [Emerg Scores - Assignee-PatStat ized Name v
a9 a ,
.hgh temperat 10 ._G CHEM
8 preparation method
or .
7 8
6 7
5 .\JASA NATIONAL AERONAUTICS AND SPACE ADMINISTRATION)
5
5
4 HITACHI CHEMICAL COMPANY
lithium-ion batteries aerogel compo. 4 e
B [ ] T DB AT
CABOT CORPORATION
3 @ UNIVERSITY OF MISSOU@ PANAGNIC INTELLECTUAL PROPERTY MANAGEMENT
A . @ UNIVERSITY OF CALIFORNIA
2 5 @ BLUESHIFT MATERIALS
1
1
0 0
0 5 10 15 20 25 30 35 40 45 0 10 20 30 40 50 60 70 80 90
# Records #Records
People Locations
Ei Scores - Inventor-PatStat ized Name v | [Emergence Scores - Inventor-Country v
@1 ®
5 H
a @ 10
o - oKR
9
9
8
¢ N OH, KYOUNG SHI
@0 HAIQUA @~ PIEEEE ST ;
7 e CHEN, JEAN-HONG p
LU, JIANMEI °
©®CHEN DONGYUN 6
6 °
JENNINGS, ABBY ROSE s
5
" 4
3 : oCH ofR
2 2 Pyl
o!T
1 1
0 0
0 5 10 15 20 25 30 35 40 45 50 55 60 0 100 200 300 400 500 600
# Records # Records
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Building on Emergence:

Does research addressing emerging topics within a domain have greater scientific
impact? YES = for Nanotechnology (Wang, 2021)

30

|bifunctional electrocatalystl

Ihydrogen evolution reaction (HER)I

25

tungsten(IV) selenide”

metal-airba(tenl IE'C3N4| Iperovskne solarcell(PSQl
soft robot ol

loxygen evolution reaction (OER)I

|sodium-ion batterySIB)].

—@_@|perovskite film Qe
20 . —Iltransition metal dichalcogenides (TMD)I
PTB7-Th||black phospho 5

=0
full cell |n°n_fu“erene acceptor [wearable electronic dewcesl

Itwo-dimensional (2D) materiall

o
Itriboelemic nanogenerator(TENG)I

carbon ddts (CDs)

|phutothermal therapy (PT'UI

[medical scienceld?d’tmive manufacturel

qdeep eutecticsolvent (DB

2100S kPN F 1

wn

Icellulose nanoﬁber(CNF)l

0 50 10.0 15.0 200 250

¥ EScore
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Sample 3: Tech Mining — Applied to itself and EEKE

* Analyze 2 datasets

* 510 abstract records related to Tech Miningand/or VantagePointsoftware from the
VP Institute site [https://vpinstitute.org] — articles from researchers around the world
who use our technology

* 16,260 abstract records on “Knowledge Extraction & Entity” from DBLP database
* Compare emphases

TheVantagePoint.com | 17



67

Vantage POint v Home Refine Analyze Report Editors | View | Help Style ~
Su mmary Page gy BT B R = E S SE. E

% '? 14 : :Summarv 7 |v\ ; M. =1 3 vantagePoint - Knowledge Extraction & Entity _ from DBLP.vpt — O X

i Analyst Guide |k My Keywords

Reset to Add Detail | Manage ’ Delete
Default |LE Status Bar Window | Sheets Sheet
Workspace Sheets

>Source File: C:\Data files\Knowledge Extraction & Entity _ from DBLP.csv
Source Date: Mar 14 2022 13:31
Source Database: Quick Import: Knowledge Extraction & Entity _ from DBLP - TextFile

Su mmary Sheet Number of Records: 16,260 !

Number Number of % Coverage Data Meta Taas
of Items Groups 9 Type 9

(filters)

Affiliations 12,300 100%
Authors 15,135 100%
citations 358
document_type 7 100%

doi 12577
EEKE appealing FOSAR terms 344 2
FOSAR terms 9,858 2
foses 16,065
Paper_ID 16,260
title 15529
Year 46
(L) Show Hidden Fields

< >\ Summary A List:Year A List:title A List:foses A List:FOSARterms A List:EEKE appealing FOSARterms A Map:EEKE appealing FOSAR terms  /

VPI Articles and Publications 510.:6\ Knowledge Extraction & Entity _ from DBLP.vpt ’ v X
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o . £ a4, 4 | List::EEKE appealing FOSAR terms vl =15 VantagePoint - Knowledge Extraction & Entity _ from DBLPvpt — O X
List, with , 0 B33
| Home Refine Analyze Report Editors View Help Style ~
Grou S minn ¥ _'_Fé @ ' L {F] Factor Matrix £ Browse Classification Tree t—y g -
p = t’. - ...O.' jﬁpc[) Z s/’
i Matrix Map List Record Find Similar Terms Calculate Emergence . Statistics Calculate Date Run a Edit Script
Comparison Classifications~ Records by Year Indicators j?ijFlDF Difference Script  Menu
Add |l Math | Scripts
~
i=
£
[ 1]
|2 > e
v E| @ z 2
£ g9 S 3
= nw| o £ B c
2 >| O 2 @ O L -—
x 3|2 22| 8 5| o2 |3 s
@
3 glelel |zl8|el2 |2 22| E|el2|e =
o s| 3|3 |B|8|E|3|<|E HEEEEE £
fral S| o o = 8 s5l2| = e 3
0| 2 | c| o o|l5|E|S|=|5 < 2| s
> olo|5|ls|els|5|2|=|E|lm|[T|8[2|8[2| 28T sl
c = - c O T I o L = O
£ E131218|5(2|8|=|8 5|8 2|5 els|5|5|5| |B]%
0 @ o || E|lG|s5|slslc|T| 8| >s|2=E|5(8|5 = w| E
@ | 8 e 2lo|2|3|e|l8|5|2|2[s|N|[c|s|c|8|R|5|8|=|8|s
2 c - glcl(ws|(ola(e|(of(a|[l(o|[5|[e|3|S8 ElElal 3 Tl ®|E
<] I i 3w ¥ | Z|g[(D|g|lw|a|[>|0o|ln|wn|[0]|= wlwaolo|la| L
g | © 2 Slx|elefla|la|la|la|la|la|la|a|a|a|a|d|a|d|a|la|la|a
o = w Slu|s|s|m|S|S|m(s|c(w| om0 6|6 c|6lc| a6l
3t 3+ w vw|lWw| S|[SE|S|S=|S=|=|= |2 |=|(s|=|=(=|l=|===|=
1 7338 |7338 |Artificial intelligence 0 | | o
2 4490 |4490 |Machine learning 200 |
3 3035 [3035 |Information retrieval 200 | o
4 2485 |2485 |Data science 2 LS I |
5 2367 |2367 |Natural language processing 0 | | o o
6 1880 |1880 |Knowledge base 20 | o o
7 1524 1524 |Knowledge-based systems I
8 1523 [1523 |Knowledge management 2 L2 |
9 1513 |1513 |Entity linking N 1
10 1421 |1421 |Domain knowledge I | ) o |
11 1249 |1249 |Information extraction I LS
12 1180 |[1180 |Database 0 1 |
13 1179 1179 |World Wide Web Y |
14 1173 [1173 |Cluster analysis 0 | o o
15 1160 [1160 |Named entity N | O o
16 991 |991 |Association rule learning N | v
‘ ’\ Summary A List:Year ;( List: tltle ;( List::foses ,( List:FOSAR terms )\ List::EEKE appealing FOSAR terms ,( ap::EEKE appealing FOSAR terms /

. VPl Articles and Publications 510. vp\\ . Knowledge Extraction & Entity _ from DBLP.vpt ‘ v X
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2 Iv . ‘6' = VantagePoint - Knowledge Extraction & Entity _ from DBLP.vpt - O X
“ — !

'1_| '2‘ ; Map::EEKE appealing FOSAR terms

PCA Facto r M a p Home Refine | Analyze ‘ Report Editors View Help Style ~
’ (LA mm|w T { ] j = P I ‘ -
= — t. » [ )-8 Factor Matrix £° Browse Classification Tree — :
| =| T 'e |
j = - _'-@ @ /4“ ..?" JE pco z gl /’
List Matrix Map List Record Find Similar Terms Calculate Emergence Statistics Calculate Date Run a Edit Script
Comparison Classifications v Records by Year Indicators jﬁTHDF Difference Scripty  Menu
| Add || Math | Scripts
Roughset @94 - - - - - _-_.‘Evolutionary algorithm
. ------- ‘ """"""""""""""" Natural language processing
_ _ Machine learning
Theoretical computer science el
.Grid

Information retrieval

.ViSUalization - - -
- Datar science e | | .

Quiery optimization Social Semantic Web

“ - ® Upper ontology
.Concept mining .

. i Rélational database
‘.Data-wafehouse

Knowledge-based systems

@>ratial analysis Personal knowledge management

4

4 » \ Summary A List:Year A Listutitle A List:foses A List:FOSARterms A List:EEKE appealing FOSAR terms ) Map:EEKE appealing FOSAR terms /
VPI Articles and Publications 510.\%\' Knowledge Extraction & Entity _ from DBLP.vpt v X
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EEKE dataset PCA factors # hi-load terms # shared w TechMining
Knowledge-based systems 8
Natural language processing
Rough set

Upper ontology

Relational database

Social Semantic Web

Personal knowledge management
Visualization

Concept mining

Fuzzy logic

Social media

Query optimization

Machine learning

Theoretical computer science
Spatial analysis

Evolutionary algorithm

Data warehouse

Grid

Data science

Information retrieval

SUM

EEKE Factors — Commonality with
Tech Mining

NNNUOUBRMNMNODMDMWUWNAODNOORMW
NP NORPROORPONRRPNRARLRELRPLONN

Xo)
o
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Most Frequent & Interesting Phrases in common:

TechMining + EEKE

Method-oriented Terms Substantive Terms

* Bibliometrics * China

* Text Mining * Collaboration

e Citation * Emerging Technologies
* Big Data * Climate Change

* Network Analysis * Interdisciplinarity

* Patent Analysis




Summary
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Tech Mining: Lessons Learned

» Analysts needs vary

® Want analytical software ranging from:

® “Hands on” full control
W “Easy button” simple

» End-users want different things
® Researchers:a few novel papersto read

® Research managers: “10,000 foot perspective” & opportunities
® Executive Suite: Want answers— simplevisualsand clear options

» End-users relate to different presentations

® What the content?
O What is the “Right” amount of information

" How is it presented?
O Multiple modes
O Familiar means

TheVantagePoint.com | 24
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Everyone wants an easy “What”

" Finding the “WHAT” in records is a real challenge

" One of the fundamental issues is there are two major types of
llWhatIS”

» The Analyst’s What

® An analyst with Subject Matter Expertise has an expected “What” in mind
when theylook at data based on their own knowledge. So their “What” is
sometimes not represented in the data.

> The Data What

® Algorithms let the data speak for itself. The “What” is not predetermined or
often based on information outside of the data

® The Al Exception — Training can bring in external information

" The two “What’s” often do not agree...

" If the “What” an algorithm finds does not match what an expert expects, the
expert will not trust the algorithm and will rely on expert opinion (even if that
opinion iswrongor obsolete).
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Discussion/Questions
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