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Outline of my presentation

1. What is innovation?
2. The role of innovation for the people, the 

industries, and the nations

3. Measuring linkages between academia and 
industrial innovation

4. Academia from Mars, innovatiors from 
Venus: policy recommendations to enhance 
academia-industry collaborations
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Increasing importance of innovation

• Eric Schmidt of Google said “It used to be that companies 
could turn poor products into winners by dint of overwhelming 
marketing or distribution strength.” But “product excellence is 
now paramount to business success.” 

•

• Eric Schmidt & Jonathan Rosenberg, “How Google Works”, Grand Central 
Publishing (2014)
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Increasing importance of innovation

• Jeff Bezos, founder and CEO of Amazon, said “In the old 
world, you devoted 30 percent of your time to building a great 
service and 70 percent of your time to shouting about it. In 
the new world, that inverts.”  

•

• Eric Schmidt & Jonathan Rosenberg, “How Google Works”, Grand CenCentralblishing
(2014)
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Word root of innovation

• The word root of innovation is a Latin “Innovare”
•

• Which means “to make something new”
•

• But newness is necessary for innovation, but not sufficient.
•

• According to Mansfield, the 80% of all ideas succeeded 
technically, but only 20% of technically successful ideas had 
also succeeded commercially. 

•

–
–
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Process

Firm Customer
7

What does innovation change?



Two hurdles to succeed in innovation

Technical hurdle; invention

Customer’s hurdle; innovation
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• Innovation is a process of turning opportunity into new ideas 
and of putting these into widely used practice. This definition 
implies that the commercial success is implicitly included in 
the successful innovation process. 

•

–
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Pavitt, et.al. “Managing Innovation,” 3rd. ed.
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Innovation enable people to make 
impossible things possible
Adaptive spectacles by Adaptive Eyecare founded by Dr. Joshua Silver
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Radio with hand-winding generator 
provided critical information while 
earthquake



Q-drum freed women and children 
from drawing water
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Innovation contributes to the 
competitive advantage of firms

• Differentiation
–

• Lower cost
–
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Differentiation

Lower Cost

Competitive
Advantage



Companies will be able to adapt 
environmental change by innovations
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Allied Chemical, Allied Can, American Smelting, American Sugar, American 
Tobacco, Atlantic Refining, Bethlehem Steel, Chrysler, General Electric, 
General Motors, General Railway Signal, Goodrich, International Harvester, 
International Nickel Company, Mack Trucks, Nash Motors,  North American, 
Paramount Publix, Postum, Radio Corporation of America, Sears Roebuck, 
Standard Oil of New Jersey, Texas Corporation, Texas Gulf Sulphur, Union 
Carbide, U.S. Steel, Victor Talking Machine, Westinghouse Electric, 
Woolworth, Wright Aeronautical

3M,  American Express,  Apple,  Boeing,  Caterpillar,  Chevron,  Cisco 
System,  Coca-Cola,  Disney, du Pont,  ExxonMobile,  General Electric, 
Goldman Sachs,  Home Depot,  IBM,  Intel,  Johnson & Johnson,  
JPMorgan Chase,  McDonald‘s,  Merck,  Microsoft, Nike,  Pfizer,  Procter & 
Gamble,  Travelers Companies Inc.,  United Technologies,  Unitedhealth, 
Verizon, Visa, Wal-Mart

Dow Jones Industrial Index
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Innovation benefits countries

• Economic growth is one of the key performance 
indicators for policymakers, because it increases 
income of people.

•

• After WWII, about a half of American economic growth 
is contributed by “technical change” which is now called 
“innovation.”

•
• Declining workforce and savings late in Japan shall 

reduce the inputs of production function. It is critical for 
Japan to innovate more to maintain her growth rate.

•
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Of course, new technologies made some 
countries win the war



21



Discussions on 
academia and innovation

• It is estimated that the development of 10% of new 
products and process would have been substantially 
delayed in the absence of recent academic research 
(Mansfield, 1991).

•

• There	has	also	been	increased	interest	in	the	linkage	
between	science	and	technological	change	(Narin et.	al.,	
1997).

•



Increasing attention to 
academic knowledge 

as a source of industrial innovation 

• Similar interest has grown regarding the 
importance of the impact of academia on the 
economy (OECD, 1990).

•

• Then, how can we measure academia-industry 
collaboration?

•



Science linkage as a measurement 
tool for academia-industry 

collaboration
• In recent years, the “Science Linkage,” which is the 

number of non-patent reference, which are mainly 
academic papers cited per a patent, has been used 
as an indicator for understanding the effect that 
academia exerts on innovation.

•



Research questions
• Is the academic influence onJapanese patents 

differ among technological areas?

• Who cites who’s academic paper supported by 
whom?

• Does distance matter when academia and 
industry collaborate?



F u ll- a u t o m a t ic
e xtrac tio n  o f sc ie n c e
linkage

P erform ance
im provem ent

 M aterials and m ethods

C onstruction of
J apanese patent

database

M easurem ent of science linkage in m ajor 4 technological field

C onclusions & policy recom m endations

Bio technology
patent filter

N ano-technology
patent filter

Inform ation
technology patent

filter
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technology patent
filter
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e xtra c tio n  o f
reference

W ho cites who's academ ic paper supported by whom ?

Does distance matter when academia and industry collaborate?



1. Extracting cited papers and 
patents manually
Making	“teacher”	data



Data used

• Patents granted since 1995 to 1999

• Using filtering algorism, patents in four priority 
technological fields in the Japanese Science 
and Technology Basic Plan was filtered out.

•

• Out of those patents in each technological 
fields, 300 patents are randomly sampled.

•

• As control, 300 patents are randomly sampled
from entire patents since 1995 to 1999.



Filtering	algorithm



Percentage of patents citing previous 
patents
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Percentage of patents citing one or more 
academic journals

bio nano
-tech

environ
mental

random 
sampling



Citations in 300 patents of each 
technological fields

Cited papers Cited patents

total Average Total average

Biotechnology 3,439 11.46 1,102 3.67

Nano-technology 597 1.99 2,125 7.08
Information 

technology 95 0.32 927 3.09
Environment 

improvement 77 0.26 1,193 3.98

Random sample 179 0.6 1,749 5.83



2. Who supports who’s scientific 
research cited by patents



Accumulation of cited papers



Affiliations of authors of academic 
papers cited in patents
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U.S. papers are cited most in bio-related-
patents invented in the US, in EU, and Japan
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Funding agencies for biotech 
papers



Preliminary findings

• Most of the authors of papers cited in patents 
belonged to academia i.e. universities and public labs.

• U.S. papers are most cited by bio-tech patents 
invented in the U.S., Europe and Japan.

• 77% of accumulated papers in biotechnology are 
publicly funded.

• Most funding agencies supporting academic papers 
cited in bio-tech patents are located in the U.S.



3. Full-automatic extraction of 
cited references using machine-

learning (AI)



Limitation of manual labor and 
necessity to automated citation 

recognition
• We constructed an original Japanese patent database and 

specialized workstation. Similar to the U.S. and the EU, 
inventers cite many academic papers in the Japanese Patent 
System.

• But they are not in the front page but embedded in the 
description of the patent gazettes.

• Manual extraction of reference cited in patents is labor 
intensive and time consuming. Therefore, full-automatic 
extraction of cited reference in the texts of the patent 
applications is necessary. 



Performance indicator for 
automated reference extraction 
Recall ratio=R, Precision ratio=P)

Reference extracted 
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Reference not extracted 
automatically
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Improvement of search formula



Recall ratio increased by 
program improvement 
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Significant	difference	in	dependence	upon	
academic	knowledge	among	different	

technological	innovations	
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Ranking	of	Technological	Fields	(top	10)
-Which	technological	field	represents	strong	science	linkage	in	

Japan?-

MICRO-ORGANISMS OR ENZYMES; COMPOSITIONS THEREOF; PROPAGATING, PRESERVING, OR
MAINTAINING MICRO-ORGANISMS; MUTATION OR GENETIC ENGINEERING; CULTURE MEDIA

PEPTIDES

MEASURING OR TESTING PROCESSES INVOLVING ENZYMES OR MICRO-ORGANISMS; 
COMPOSITIONS OR TEST PAPERS THEREFOR; PROCESSES OF PREPARING SUCH COMPOSITIONS; 
CONDITION-RESPONSIVE CONTROL IN MICROBIOLOGICAL OR ENZYMOLOGICAL PROCESSES

FERMENTATION OR ENZYME-USING PROCESSES TO SYNTHESISE A DESIRED CHEMICAL 
COMPOUND OR COMPOSITION OR TO SEPARATE OPTICAL ISOMERS FROM A RACEMIC MIXTURE

PHOTOSENSITIVE MATERIALS FOR PHOTOGRAPHIC PURPOSES; PHOTOGRAPHIC PROCESSES, 
e.g. CINE, X-RAY, COLOUR, STEREO-PHOTOGRAPHIC PROCESSES; AUXILIARY PROCESSES IN 
PHOTOGRAPHY

STEROIDS

SUGARS; DERIVATIVES THEREOF; NUCLEOSIDES; NUCLEOTIDES; NUCLEIC ACIDS

HETEROCYCLIC COMPOUNDS

NEW PLANTS OR PROCESSES FOR OBTAINING THEM; PLANT REPRODUCTION BY TISSUE 
CULTURE TECHNIQUES

PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES



Ranking	of	Technological	Fields	(11 20)
-Which	technological	field	represents	strong	science	linkage	in	

Japan?-

CIPHERING OR DECIPHERING APPARATUS FOR CRYPTOGRAPHIC OR OTHER PURPOSES 
INVOLVING THE NEED FOR SECRECY

ORGANIC COMPOUNDS OF UNKNOWN CONSTITUTION

ACYCLIC, CARBOCYCLIC, OR HETEROCYCLIC COMPOUNDS CONTAINING ELEMENTS OTHER THAN 
CARBON, HYDROGEN, HALOGEN, OXYGEN, NITROGEN, SULFUR, SELENIUM, OR TELLURIUM (metal-
containing porphyrins)

POLYSACCHARIDES; DERIVATIVES THEREOF (polysaccharides containing less than six saccharide 
radicals attached to each other by glycosidic linkages; fermentation or enzyme-using processes; sugar industry; 
production of cellulose) 

GENERAL METHODS OF ORGANIC CHEMISTRY; APPARATUS THEREFOR

ACYCLIC OR CARBOCYCLIC COMPOUNDS

CHEMICAL TREATMENT OF HIDES, SKINS OR LEATHER, e.g. TANNING, IMPREGNATING, FINISHING; 
APPARATUS THEREFOR; COMPOSITIONS FOR TANNING

OPTICAL COMPUTING DEVICES

SPEECH ANALYSIS OR SYNTHESIS; SPEECH RECOGNITION

PREPARATION OF GLUE OR GELATINE



Findings 
• Full-automatic extraction of cited references in the texts of the 

patent gazette is accomplished. 

• The science linkage index among different patent 
classifications differs significantly.

• The pattern of difference of science linkage index was similar 
in the EU and Japan. 

• It suggests that the process of creating new innovation differs 
from technology to technology and the effectualoty of 
academia-industry collaboration.
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The address of authors’ academic institution 
cited in patents invented in Japan
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48% of co-inventors work within 
30km in diameter
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Distance among inventors (collaboration) and 
the distance from academic institution that 

published papers to the citing inventor

Distance among co-
inventors

Distance from 
academia to inventor

Minimum 0.0 0.0

Median 31.7 4,323.5

Maximum 17,427.2 18,577.9



ACADEMIA FROM 
MARS,  INNOVATOR  
FROM VENUS: 
A POLICY 
RECOMMENDATIONS TO 
ENHANCE ACADEMIA-
INDUSTRY  
COLLABORATIONS
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Policy recommendations (1/2)
• By measuring technological competitiveness by the 

nationality of inventors of patents applied in Japan, 
the competitiveness in the technological areas which 
showed higher science linkage was weak in Japan. 

• Most cited papers were written in the U.S. academic 
institutions and many of them were supported by the 
U.S. funding agencies.

• Japanese government needs to increase public 
funding to academia.



Policy recommendations (2/2)

• To enhance mutual academia-industry collaborations, 
like joint-patenting, academia and industries need to 
live closer. 

• Therefore, the Japanese government needs to 
promote clustering activities to reduce the distance 
between academia and industries in both physically 
and mentally.
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