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System	
  

1.	
  Innova/on	
  &	
  Technology	
  Management	
  Research	
  
•  Develop	
  new	
  methodologies	
  

	
  (Scientometrics,	
  	
  Informa9on	
  Retrieval	
  etc.)	
  
•  Applied	
  research	
  (Roadmap,	
  Process	
  design	
  etc.)	
  
•  Interdisciplinary	
  research	
  (Sustainability,	
  Gerontology)	
  

	
  
2.	
  Workshop,	
  Conference,	
  Seminar,	
  Technology	
  Transfer	
  

•  Interna9onal	
  Conference,	
  Monthly	
  seminar	
  
•  Web	
  system　	
  
•  Discussion	
  Paper	
  Series　	
  

	
  
3.	
  Interna/onal	
  Network	
  and	
  Collabora/on	
  

	
  OECD,	
  IEA,	
  APEC,	
  ERIA	
  etc.　　　	
  
	
  

Ac/vi/es	
  –	
  3	
  pillars	


Innova9on	
  Policy	
  Research	
  Center	
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  Field	
 Models/Tools	
 Maturity	
 Query	
 Scope	
 #	
  papers	


Quan9ta9ve	
  
Analysis	
  
(Determinis9c)	


Economics	
 Econometric	
 Econometric*,	
  	
 SSCI	
 11,189	


Risk	
  Modeling	
 Risk*	
  and	
  Model*	
 ECONOMICS	
   8,594	
  

Op9ons	
  Modeling	
 Op9on*	
  and	
  Model*,	
  	
 SSCI	
 8,043	


Cost	
  Benefit	
 Cost*	
  and	
  Benefit*	
 SCI&SSCI	
 53,487	


Cost	
  Effec9veness	


Quan9ta9ve	
  
Analysis	
  
(Stochas9c)	


Agent	
  Based	
 Agent	
  based	
 SCI&SSCI	
 4,381	


System	
  Dynamics	
 System	
  dynamics	
 SCI&SSCI	
 4,361	


Qualita9ve	
  
Analysis	


Social	
  	
  
studies	


Case	
  Studies	


Peer/Expert	
  Review	


Delphi	
 　 	


Strategic/Logic	


Visualiza9on	
  
Tools	


IT,	
  WEB	
 Network	
  Analysis	
 Network	
  analysis	
 SCI&SSCI	
 4,709	


Visual	
  Analy9cs	
 Visualiza9on	
 CS&IS	
 7,811	


Science	
  Mapping	
 -­‐	
 JISIS(T),	
  
Scientometrics
,	
  J	
  Infometrics	
  

5,670	
  

Scientomenrics	


Data	
  Collec9on	
  
Tools	


Sta/s/cs
,	
  
WEB	


Survey	


Web	
  scraping	
 Web	
 CS&IS	
 23,832	


Administra9on	
  Data	


Data	
  Mining	
 Data	
  mining	
 SCI&SSCI	
 15,473	


Our	
  focus	
  of	
  Research	
  
-­‐	
  US	
  Government	
  “Science	
  of	
  Science	
  &	
  Innova9on	
  policy”	
  -­‐	
  	
  



We are drowning in 
the information sea. 

Volume of 
Knowledge 

Time 

Renaissance 

Industry 
Revolution 

Before modern history 

•  Exponential growth of knowledge 

Time 

Prerequisite to catch up with 
the pace of development 

•  Segmentation & Specialization 

• Complexity of Social Issues. 
Ex)	
  Sustainability,	
  Aging	
  Society	


Fundamental	
  challenges	
  we	
  face	
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Assessing	
  
Influence	


Impact	
  on	
  Environmental,	
  Social,	
  
Economic,	
  and	
  Human	
  System	


Analyzing	
  
Influence	


Time	
2050	
2030	


System	
  
Component	
  
Technology	
  
Project	
  
Resource	
  
etc.	


Analysis	


Observa9on	


Design	


Planning	


Assessment	


Decision	
  
making	


Ac9on	


Science	
  
Technology	
  
Industry	
  	
  
Market	
  
Policy	
  
Culture	
  
etc.	
  

•  Economic	
  Efficiency	
  
•  Energy	
  Security	
  
•  Environmental	
  
Safeguard	
  

•  Human	
  Safety	


TREND	


ROADMAP	


Short-­‐,	
  mid-­‐,	
  and	
  long-­‐term	
  roadmapping	
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Limita9on	
  of	
  expert-­‐based	
  approach	


n  Historically,	
  such	
  tasks	
  have	
  been	
  handled	
  by	
  experts,	
  such	
  as	
  by	
  the	
  so-­‐
called	
  Delphi	
  method	
  ini9ated	
  by	
  the	
  Rand	
  Corpora9on	
  of	
  the	
  US	
  in	
  the	
  
1950s.	
  These	
  are	
  known	
  as	
  the	
  social	
  or	
  expert	
  based	
  approach.	
  	
  

n  However,	
  it	
  becomes	
  more	
  difficult	
  to	
  create	
  technological	
  overview	
  using	
  
an	
  expert-­‐based	
  approach	
  because:	
  	
  

　　1)	
  the	
  amount	
  of	
  academic	
  knowledge	
  is	
  increasing	
  so	
  fast	
  that	
  no	
  	
  
　　　expert	
  can	
  capture	
  the	
  en9re	
  knowledge	
  structure	
  of	
  a	
  specific	
  　	
  
　　　knowledge	
  domain;	
  	
  
　　2)	
  the	
  expert-­‐based	
  approach	
  is	
  expensive	
  and	
  9me	
  consuming;	
  	
  
　　3)	
  the	
  generally	
  accepted	
  defini9on	
  of	
  a	
  targeted	
  research	
  field	
  is	
  　	
  
　　　some9mes	
  lacking.	
  
	
  	
  	
  	
  	
  	
  	

n  Therefore,	
  we	
  have	
  developed	
  a	
  computer-­‐based	
  approach,	
  which	
  

analyzes	
  explicit	
  knowledge	
  such	
  as	
  journal	
  papers	
  and	
  lekers.	
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Computa9onal	
  Intelligence	
  for	
  R&D	
  management	
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Collect	


Structured Information 

Analyze	
 Organize	


Present	


Non-structured Information 

Vast amount of  
•  Paper 
•  Patent 
•  Researcher 
•  Organization 
etc. 

Observation of … 
•  Trend of Science and Technology 
•  Emerging Research Field 
•  Complex Industrial Structure 
•  Collaboration Network 
etc. 

Computa9onal	
  Intelligence	




Target	
  selec/on	
  

Clustering	
   Visualiza/on	
  

Cita/on	
  Network	
  Analysis	
  

Iden/fica/on	
  of	
  
characteris/cs	
  of	
  clusters	
  
with	
  experts	
  

Corpus	
  construc/on	
  

Kajikawa	
  et	
  al.,	
  TFSC	
  (2008,	
  2009)	
  
Shibata	
  et	
  al.,	
  Technova,on	
  (2008)	
  
Sakata	
  et	
  al.,	
  TFSC	
  (2012)	


Ex.	
  Solar	
  Cell	


Ex.Query	
  =	
  “Solar	
  Cell*”	
  or	
  Photovolt*	
  
Time	
  span	
  =	
  1959-­‐2009	


1970	
   1980	
   1990	
   2000	
   2010	
  0	
  

500	
  
1000	
  

1500	
  
2000	
  
2500	
  
3000	
  

#p
ap
er
s	
  

year	
  

Methodology	
  of	
  academic	
  landscape	
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Cita9on	
  Network	
  Analysis	

•  Node： Papers	
  in	
  the	
  largest-­‐graph	
  component	
  data	
  
•  Edge： Cita9on	
  between	
  Papers	
  
•  Year： Average	
  Publica9on	
  Year	
  in	
  the	
  cluster	
  
•  Keywords:	
  Characteris9c	
  words	
  in	
  the	
  cluster	
  

Node	
  (Paper)	


Edge	
  (Cita9on)	


Cluster	
  3	
  
	
  Node:	
  6	
  
	
  Edge:	
  6	
  
	
  Year:	
  2007.96	
  
	
  Keywords:	
  -­‐-­‐-­‐-­‐	
  

Cluster	
  1	
  
	
  Node:	
  5	
  
	
  Edge:	
  4	
  
	
  Year:	
  2003.21	
  
	
  Keywords:	
  -­‐-­‐-­‐-­‐	
  

Cluster	
  2	
  
	
  Node:	
  3	
  
	
  Edge:	
  3	
  
	
  Year:	
  2004.36	
  
	
  Keywords:	
  -­‐-­‐-­‐-­‐	
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Network	
  Clustering	
  (Newman	
  M.E.J	
  2004)	


wij:	
  the	
  possibility	
  of	
  the	
  weights	
  of	
  	
  
edges	
  in	
  the	
  network	
  that	
  connected	
  	
  
nodes	
  in	
  cluster	
  s	
  to	
  those	
  in	
  cluster	
  j	
  

•  Connect	
  clusters	
  sparsely	
  and	
  extract	
  clusters	
  within	
  which	
  nodes	
  are	
  
connected	
  densely	
  is	
  cut.	
  	
  

•  A	
  high	
  value	
  of	
  Q	
  represents	
  good	
  community	
  division	
  where	
  only	
  dense	
  
edges	
  remain	
  within	
  clusters	
  and	
  sparse	
  edges	
  between	
  clusters	
  are	
  cut	
  off,	
  
and	
  	
  

•  Q	
  =	
  0	
  means	
  that	
  a	
  par9cular	
  division	
  gives	
  no	
  more	
  within-­‐community	
  
edges.	
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Academic	
  Landscape	
  System	

•  Web-­‐based	
  system	
  

–  Python	
  scripts,	
  libraries,	
  Web	
  server	
  and	
  Database	
  on	
  a	
  Linux	
  server	
  
•  Automa9cally	
  analyze	
  the	
  large	
  volume	
  of	
  scien9fic	
  paper	
  and	
  

patent	
  data	
  
–  Input:	
  	
  

•  Records	
  of	
  Web	
  of	
  Science	
  database	
  (paper)	
  or	
  Thomson	
  Innova9on	
  	
  
database	
  (patent)	
  

–  Crea9ng	
  a	
  cita9on	
  network	
  
•  Direct	
  cita9on,	
  co-­‐cita9on,	
  and	
  bibliographic	
  coupling	
  

–  Analyzing	
  a	
  cita9on	
  network	
  
•  Clustering	
  and	
  Network	
  Centrality	
  

–  Analyzing	
  text	
  informa9on	
  
•  Keyword	
  and	
  Topic	
  extrac9on	
  

–  Visualiza9on	
  
•  Sta9s9cs	
  	
  

–  Publica9on	
  years,	
  Countries,	
  Journals,	
  Researchers,	
  etc.,	
  
•  Cita9on	
  network	
  
•  Heatmap	
  (similarity	
  among	
  clusters)	
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Network	
 Heat	
  Map	




#1	
  Si	

10,520	
  papers	
  11.0	
  ages	


#2	
  Organics	

5,712	
  papers,	
  4.0	
  ages	


#3	
  Compounds	

4,932	
  papers,	
  　	
  
8.2	
  ages	


#4	
  Dye-­‐
sensi/zed	

4,647	
  papers,　　　　　 
3.4	
  ages	


#5	
  System	

2,527	
  papers,	
  5.6	
  ages	


Academic	
  Landscape	
  of	
  Solar	
  Cell	
  Research	
  (1959-­‐2009)	
  

Age	
  =	
  2009-­‐(average	
  publica9on	
  year)	




1st layer 2nd layer 3rd layer

Cluster name Cluster name Ages Nodes Cluster name Ages Nodes

Si

a-Si 8.53 2905

Degradation of a-Si 15.33 785

Microcrystalline 4.93 705

H dilution effect in a-Si:H 7.27 573

Textured ZnO 5.57 432

Modeling 21.78 2477 Modeling of recombination 20.37 747

Compounds 25.24 584

Shottokky 19.10 537

Resistance 23.20 359

High efficiency 7.05 2196 Tandem-type 9.56 581

Band structure 5.82 478

c-SI 6.13 2151 Metal-induced crystallization 6.63 481

Surface passivation 5.75 475

Metal impurities 7.61 409

HIT 3.71 231

Organics Organics 6.46 2023 Double-hetero structure 2.63 679

phthalocyanine 11.89 552

Photodiode 5.99 527

Plastic solar cell 3.00 521

New materials and 
processes

2.31 1570 Narrow bandgap 2.05 517

Liquid process 1.62 423

Complexes with 
Nanoparticles

2.49 1263 Nanopartciels/polymer 2.26 427

Conjugated polymer 2.15 402

TiO2 nanotube/polymer 2.94 322

Complexes with 
Nanocarbons

3.56 667 nanotube/polymer 2.33 177

fullerene/olygomer 3.95 168

fullerene/ polyfiline 3.44 106

Compounds CdS/CdTe 10.33 1568

Cu(In,Ga)Se2 5.22 1141

CuInS2 6.13 898

Dye-sensitized Electrode 2.97 1467 Modeling 4.23 520

TiO2 nanotube 2.27 399

Nano-structured ZnO 2.08 387

Electrolyte 3.28 1427 Semi-solid electrolyte 2.73 488

Solid-electrolyte 4.45 412

Impedance measurement 2.86 374

Photosensitizer 3.69 1245 Ru-based dyes 4.56 4.88

Molecular design 2.00 327

Charge injection & transportation 3.82 280

Porphyrin 4.05 133

System PPT control 3.71 635

Survey (LCA, Market) 5.39 420

Grid & storage 6.91 369

Photo/thermal hybrid 4.51 308

AC motor 8.19 199

Iden9fying	
  Emerging	
  Research	
  Domains	
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V.	
  Ippanuvat,	
  K.	
  Fujita,	
  I.	
  Sakata,	
  and	
  Y.Kajikawa	
  "Finding	
  
Linkage	
  between	
  Technology	
  and	
  Social	
  Issue:	
  A	
  Literature	
  
Based	
  Discovery	
  Approach,"	
  Journal	
  of	
  Engineering	
  and	
  
Technology	
  Management,	
  2013	


Extrac9ng	
  Candidates	
  for	
  Innova9on	
  
Mul/-­‐layer	
  analysis	
  of	
  paper	
  and	
  patents	
  

Relatedness	
  
measurement	


A	
   B	
  

C	
   D	
  

Exist	
   Not-­‐exist	
  
Technology	
  in	
  
Industry	
  

Exist	
  

Science	
  

Not-­‐exist	
  

Patents	
  

Papers	
  



#3,	
  dye-­‐sensi9zed,	
  
3604papers	
  #2,	
  compounds,	
  

3853papers	
  
#4,	
  polymer,	
  
2876papers	
  

#1,	
  silicon,	
  
6937papers	
  

#1,	
  silicon	
  (cell	
  design),	
  
517patents	
  

#6,	
  CIS,	
  149patents,	
  	
  

#2,	
  metal	
  contacts,	
  438patents	
   #3,	
  bakery	
  &	
  converter,	
  436patents	
  

#4,	
  panel,	
  368patents	
  
#5,	
  diode,	
  223patents	
  

#7,	
  solar	
  concentrator,	
  104patents	
  

Science	
  and	
  Technology	
  Linkage	
  in	
  Solar	
  Cell	
  Research	


Patent	


Paper	


18	
  
N.	
  Shibata,	
  Y.	
  Kajikawa	
  and	
  I.	
  Sakata.	
  "Extrac9ng	
  the	
  commercializa9on	
  gap	
  between	
  science	
  
and	
  technology“,	
  	
  Technological	
  Forecas9ng	
  and	
  Social	
  Change	
  77(7)	
  (2010)	
  1147-­‐1155	
  	
  



Mapping	
  Topics	
  and	
  Topic	
  Bursts	
  in	
  PNAS	
  using	
  Sci2	


Science	
  Mapping	
  using	
  VOSviewer	


Research	
  Performance	
  Management	
  using	
  PURE	
 Science	
  Mapping	
  Analysis	
  using	
  SciMAT	


Related	
  works	




DETECTING	
  THE	
  RESEARCH	
  FRONTS	
  
USING	
  CITATION	
  NETWORK	
  ANALYSIS	




Emerging	
  research	
  domains	


ini9al	
  stage	
   early	
  stage	
   expansion	
  	
  
stage	
  

matura9on	
  
stage	
  

decline	
  stage	
  

9me	
  

#	
  papers	
   peak	
  

early	
  stage	
  

matura9on	
  stage	
  

•  Gaining	
  rapidly	
  growing	
  interests	
  
•  Its	
  technology	
  is	
  not	
  matured	
  at	
  the	
  moment	
  and	
  therefore	
  has	
  	
  
limita9ons	
  in	
  industrial	
  applica9ons	
  

•  Its	
  technology	
  poten9ally	
  has	
  highly	
  economic	
  and	
  social	
  impacts	
  
in	
  the	
  near	
  future	
  

Core	
  Paper	


Detec9ng	
  the	
  Research	
  Front	
  in	
  the	
  early	
  stage!!	
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Performance	
  of	
  Each	
  method	
  	
  in	
  Detec9ng	
  Domains	


•  	
  Visibility	
  (Cluster	
  Size):	
  	
  	
  

•  Speed	
  (Average	
  publica9on	
  year	
  in	
  the	
  cluster)	


•  	
  Topological	
  relevance	
  (Cluster	
  Density):	
  

•  	
  Textual	
  relevance	
  (Keyword	
  similarity):	
  
|| xi CE ∈

(|N|:#	
  of	
  nodes,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  #	
  of	
  nodes	
  in	
  core	
  paper	
  cluster	
  Cx)	


:	
  #	
  of	
  edges;	
  both	
  nodes	
  are	
  in	
  the	
  core	
  paper	
  cluster	
  Cx	


(Paper	
  Keyword	
  Similarity	
  in	
  the	
  cluster)	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  /	
  (Keyword	
  Similarity	
  between	
  clusters	
  and	
  the	
  core	
  paper	
  cluster)	
  	
  	
  	
  	


visibility, speed, topological and textual relevance of  
the cluster with core paper 	
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Type	
  of	
  Cita9ons	


Direct	
  cita/on	
  
-­‐  Edge	
  between	
  two	
  documents	
  	
  
	
  	
  	
  	
  	
  when	
  paper	
  C	
  cites	
  paper	
  A	
  directly	
  
-­‐  An	
  earlier	
  paper	
  is	
  cited	
  by	
  a	
  new	
  paper	

Co-­‐cita/on	
  
-­‐  Edge	
  between	
  two	
  documents	
  cited	
  by	
  the	
  same	
  paper(s)	
  
-­‐  Considering	
  the	
  number	
  of	
  cita9ons	
  	
  
Bibliographic	
  coupling	
  
-­‐  Edge	
  between	
  two	
  documents	
  ci9ng	
  the	
  same	
  paper(s)	
  
-­‐  Considering	
  the	
  number	
  of	
  cita9ons	
  

Direct	
  vs	
  Co-­‐cita/on	
  vs	
  Bibliographic	


Nodes	
 Direct	
  >	
  Bibliographic	
  >	
  Co-­‐cita9on	


Edges	
 	
  Bibliographic	
  >	
  Co-­‐cita9on	
  >	
  Direct	


Year	
 Direct	
  =	
  Bibliographic	
  	
  >	
  Co-­‐cita9on	


 direct-citation 
 co-citation 
 bibliographic coupling 
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Weighted	
  Cita9on	
  Graph	


(i)	
  Frequency	
  of	
  cita9ons:	
  w(Eij)	
  =	
  |Eij|　　	
  
	
  	
  	
  	
  	
  	
  Considering	
  the	
  number	
  of	
  cita,ons	
  
(ii)	
  Difference	
  of	
  publica9on	
  years:	
  	
  
	
  	
  	
  	
  	
  	
  w(Eij)	
  =-­‐	
  |yi	
  	
  -­‐	
  yj|/10	
  +	
  2	
  	
  if	
  	
  	
  |yi	
  	
  -­‐	
  yj	
  |>10,	
  w(Eij)	
  =1	
  
	
  	
  	
  	
  	
  	
  	
  	
  Differences	
  between	
  the	
  publica,on	
  years	
  of	
  paper	
  are	
  small	
  =>	
  High	
  
(iii)	
  Reference	
  Similarity:	
  w(Eij)	
  =	
  Jaccard(Ci,	
  Cj)	
  +	
  1	
  
　　 Similar	
  reference	
  list	
  =>	
  High	
  
(iv)	
  Keyword	
  Similarity:	
  w(Eij)	
  =	
  Jaccard(Ki,	
  Kj)	
  +	
  1	
  
　 	
  	
  	
  Similar	
  Keywords	
  of	
  papers	
  =>	
  High	
  

-­‐	
  	
  Graph:	
  G	
  =	
  (N,	
  E,	
  w),	
  Node	
  Set:	
  N={N1,…,Ni,…,N|N|}，Edge	
  Set	
  =	
  E={..,	
  Eij	
  ,..}	
  
-­‐	
  Eij:	
  Edges	
  between	
  Node	
  i	
  and	
  Node	
  j	
  	
  (|Eij|	
  :Number	
  of	
  cita9ons	
  between	
  Node	
  i	
  and	
  Node	
  j	
  
-­‐  Akributes	
  of	
  Ni:	
  yi:	
  publica9on	
  year	
  Ci:	
  reference	
  set,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ki:	
  Keyword	
  (Author	
  Keyword,	
  Characteris9c	
  Keyword	
  in	
  Title	
  and	
  Abstract)	
  

	
  *	
  	
  Jaccard	
  similarity	
  is	
  defined	
  by	
  P.	
  Jaccard	
  1912	


Katsuhide	
  Fujita,	
  Yuya	
  Kajikawa,	
  Junichiro	
  Mori	
  and	
  Ichiro	
  Sakata	
  "Detec9ng	
  research	
  fronts	
  
using	
  different	
  types	
  of	
  weighted	
  cita9on	
  networks,"	
  Journal	
  of	
  Engineering	
  and	
  Technology	
  
Management,	
  2013	
  .	
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Textual	
  Similarity	
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Discussion	


•  “(i)	
  Frequency	
  of	
  cita9on”	
  is	
  higher	
  performance	
  in	
  all	
  
metrics	
  when	
  the	
  types	
  of	
  cita9ons	
  are	
  co-­‐cita9on	
  and	
  
bibliographic	
  coupling	
  	
  
–  	
  The	
  frequency	
  of	
  cita9on	
  is	
  effec9ve	
  to	
  find	
  the	
  emerging	
  fronts	


•  “(ii)	
  Difference	
  of	
  publica9on	
  year”	
  shows	
  the	
  worst	
  results	
  
regarding	
  as	
  the	
  average	
  publica9on	
  year	
  
–  	
  It	
  divides	
  the	
  too	
  small	
  clusters	
  
–  	
  The	
  func9ons	
  based	
  on	
  the	
  Difference	
  of	
  publica9on	
  year	
  should	
  
be	
  improved	


•  “(iii)	
  Reference	
  Similarity”	
  and	
  “(iv)	
  Keyword	
  Similarity”	
  are	
  
effec9ve	
  to	
  divide	
  the	
  accurate	
  clusters	
  
–  The	
  weights	
  based	
  on	
  the	
  references	
  and	
  keywords	
  help	
  dividing	
  
the	
  accurate	
  clusters	
  

–  Reference	
  informa9on	
  helps	
  dividing	
  the	
  topological	
  accurate	
  
clusters	
  

–  Keywords	
  of	
  papers	
  help	
  dividing	
  the	
  textual	
  accurate	
  clusters	
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Early	
  Detec9on	
  of	
  Emerging	
  Research	
  Fronts	
  

•  Published	
  Year:	
  1984	
  
•  Cited	
  Count:	
  3,402	
  
•  History	
  of	
  quasi-­‐crystal’s	
  discovery	
  

–  Quasi-­‐crystal	
  is	
  discovered	
  in	
  1982.	
  
–  His	
  discovery	
  was	
  not	
  understood	
  by	
  his	
  boss.,	
  and	
  

he	
  lost	
  his	
  job.	
  
–  In	
  1983,	
  He	
  got	
  a	
  job	
  of	
  Israel	
  Ins9tute	
  of	
  

Technology.	
  
–  In	
  1984,	
  he	
  and	
  his	
  colleagues	
  submiked	
  a	
  paper	
  

into	
  Journal	
  of	
  Applied	
  Physics,	
  but	
  it	
  was	
  rejected	
  
by	
  editor.	
  

–  In	
  1984,	
  they	
  submiked	
  it	
  into	
  Physical	
  Review	
  
LeXers,	
  and	
  it	
  was	
  accepted.	
  

30	
  

This	
  emerging	
  research	
  was	
  not	
  acknowledged	
  at	
  its	
  ini9al	
  
stage.	
  

Quasi-­‐crystal	
  (the	
  2011	
  Nobel	
  Prize	
  in	
  Chemistry)	
  

quasi-crystal 
(Tsai Lab., Tohoku Univ.) 



Iwami,	
  S.,	
  Mori,	
  J.,	
  Sakata,	
  I.	
  &	
  Kajikawa,	
  Y.	
  Detec9on	
  method	
  of	
  emerging	
  leading	
  papers	
  using	
  9me	
  transi9on.	
  
Scientometrics	
  101,	
  1515–1533	
  (2014).	
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Early	
  Detec9on	
  of	
  Emerging	
  Research	
  Fronts	
  

32	
  

•  Published	
  Year:	
  
1994	
  

•  Cited	
  Count:	
  3,627	
  
•  He	
  inserted	
  GFPs	
  
into	
  other	
  
creatures.	
  

•  Published	
  Year:	
  
1998	
  

•  Cited	
  Count:	
  2,761	
  
•  He	
  developed	
  
various	
  colored	
  
fluorescent	
  
proteins.	
  

Aequorea	
  victoria	
  	
  
(Jellyfish)	
  
Photo	
  by	
  Sierra	
  Blakely	
  

Fluorescent	
  Protein	
  (the	
  2008	
  Nobel	
  Prize	
  in	
  Chemistry)	
  

GFPs	
  are	
  inserted	
  into	
  
other	
  creatures.	
  
Credit:	
  Mayo	
  Clinic	
  

GFPs	
  are	
  extracted	
  

•  Published	
  Year:	
  
1962	
  

•  Cited	
  Count:	
  861	
  
•  He	
  discovered	
  GFP	
  
as	
  a	
  by-­‐product.	
  

People	
  	
  do	
  not	
  no9ce	
  this	
  emerging	
  research	
  during	
  30	
  years.	
  
The	
  emerging	
  research	
  have	
  less	
  cita9ons	
  than	
  others.	
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Cited	
  count	
  within	
  the	
  dataset(Reference)	
  

in-­‐Degree	
  Centrality	
  

PageRank	
  

Chalfie,	
  1994	
  

Chalfie,	
  1994	
  

Chalfie,	
  1994	
  Shimomura,	
  1962	
  

Shimomura,	
  1962	
  

Tsien,	
  1998	
  

Tsien,	
  1998	
  

Fluorescent	
  Protein	
  (the	
  2008	
  Nobel	
  Prize	
  in	
  Chemistry)	
  

Iwami,	
  S.,	
  Mori,	
  J.,	
  Sakata,	
  I.	
  &	
  Kajikawa,	
  Y.	
  Detec9on	
  method	
  of	
  emerging	
  leading	
  papers	
  using	
  9me	
  transi9on.	
  
Scientometrics	
  101,	
  1515–1533	
  (2014).	
  



gfp	
  (1,967	
  papers)	
  
	
  
In-­‐Degree	
  
Centrality	
  
	
  
	
  
PageRank	
  
	
  
	
  
	
  
Number	
  
of	
  Cita9on	
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10th	
  

10th	
  

10th	
  

Height 	
   	
  Area	
   	
  Slope 	
   	
  SlopeAve	
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Academic	
  and	
  Technological	
  Landscape	
  System
	
  	


•  New	
  Energy	
  and	
  Industrial	
  Technology	
  Development	
  
Organiza9on	
  (NEDO)	
  funded	
  project	
  (FY2013-­‐FY2017)	
  

•  Developing	
  Scien9fic	
  and	
  Technological	
  Landscape	
  System	
  
–  Detec9ng	
  emerging	
  researches	
  

•  automa9cally	
  detects	
  rapidly	
  growing	
  technologies	
  in	
  the	
  near	
  future	
  
(emerging	
  research)	
  

–  Detec9ng	
  related	
  researches	
  
•  Automa9cally	
  detects	
  complementary	
  technologies	
  to	
  the	
  emerging	
  
research	
  (related	
  research)	
  

–  	
  Detec9ng	
  leading	
  researchers	
  and	
  groups	
  
•  Automa9cally	
  detects	
  researchers	
  and	
  their	
  groups	
  in	
  the	
  emerging	
  
research	
  	
  

•  The	
  system	
  contributes	
  to	
  planning	
  and	
  execu9ng	
  a	
  research	
  
and	
  development	
  strategy	
  of	
  both	
  public	
  and	
  private	
  sectors	
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Academic	
  Paper	
  
Database	
  

Users	
  
Policy	
  makers	
  
R&D	
  

Patent	
  Database	
  

Current	
  Academic	
  Landscape	
  System	


Intui/ve	
  Interface	


Emerging researches Rela9on	
  mining	
  

Features	


Predic9on	
  models	


Network-­‐based	


Text-­‐based	
  

Time	
  series	


Related	
  researches	


Predic9on	
  models	
Predic9on	
  models	


Leading	
  researchers	
  	
  
and	
  groups	
  

User	
  study	
  and	
  Evalua/on	
  	
  

Web-­‐based	
  System	


Project	
  Overview	


①	


②	


③	
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U/liza/on	
  and	
  Integra/on　
of	
  Knowledge	
  

Sustainability	
  

Food	
  security	
  Aging	
  society	
  

Energy	
  

Accumulated	
  
Knowledge	
   Global	
  Challenges	
  	
  

Iden/fica/on	
  of	
  To-­‐Be	
  
model	
  

Survey	
  on	
  academic	
  
and	
  industrial	
  
research	
  front	
  

Policy	
  discussion:	
  

Design	
  new	
  social	
  systems,	
  Improve	
  ins/tu/onal	
  sejngs	
  
(regula/on,	
  standard・・・)	
  

Feasibility	
  of	
  new	
  social	
  systems,	
  	
  
new	
  industry,	
  collabora9on	
  etc.	


etc.	
  

Rapidly	
  growing	


Innova9on	
  system	
  at	
  the	
  global	
  fron9ers	


Iden/fy	
  knowledge	
  structure	
  
Detect	
  research	
  fronts	
  	


Bridge	
  science	
  
to	
  challenges	


Provide	
  interdisciplinary	
  knowledge	
  base	
  
	
  for	
  policy	
  discussion	


S/mula/ng	
  Social	
  Innova/on	
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