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Outline of my presentation
ZN=IDYZAWN vk
What is innovation?

The role of innovation for the people, the
Industries, and the nations
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Measuring linkages between academia and
Industrial innovation
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Academia from Mars, innovatiors from
Venus: policy recommendations to enhance

academia-industry collaborations
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WHAT IS INNOVATION'?



Increasing importance of innovation
1 IN=—I3VDEEREDIEKN (1/2)

« 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.”

« U=J)LDIT v« a3y FEREE TDDTIERBY
N—T T« VO NORFTADDONIE. BEKRETOID LT
EHHBOBBICINIC] D [SOERZEORNICKREERRR
2RIFTOYD FOBAMEICIS oIz EBNTHND,

Eric Schmidt & Jonathan Rosenberg, “How Google Works”, Grand Central
Publishing (2014)




Increasing importance of innovation
1 IN—=I3VDEBEDIEXN(2/2)

o 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.”

PRVYVBIEZEBERCEODY D « RVUR(F THNWHFRTIE
B CRRBEDO30%ZENICT —ERXDEREIC. 7T0%ZZEN
DENFEETES VNI —ERDWEE LU TENDDICTTTCT
L2, ZOLEERDFACIERTE IR U] SN TLD,

« Eric Schmidt & Jonathan Rosenberg, “How Google Works”, Grand CenCentralblishing

(2014)



Word root of innovation
4 I NXN—3>DER

The word root of innovation is a Latin “Innovare”
BIRIESTVEBDINNnovare (1> J/)\N\—L)

Which means “to make something new”

SKIE MapzaHL<IdT L]

But newness is necessary for innovation, but not sufficient.
L. 371 T« PICEHRENBNIL, HFEENDNE LNEND, FEDEDSZE
HBENDT, ZOP AT« PEBEDAALERHEENICHINT DEILRSE)
According to Mansfield, the 80% of all ideas succeeded
technically, but only 20% of technically successful ideas had

also succeeded commercially.

X, EVYRT 1 —ILRDMToEKEABEDTOY 10 bOT—2R2IF 1 ICENIE
PA1T1PD

— FHABSEINER=0.8

~ ZOBOBENZRINER=0.2



What does innovation change?
A INR=I3V[CK>TADFLLIZDNH?

Product
or
Service

Firm Customer



Two hurdles to succeed In iInnovation
4 IN—Y3VZERIBICIZ2DD/\—RILHDHD

Technical hurdle; invention
i/ \N— FIL
(FAINYY3Y, 58 Customer’s hurdle; innovation
B (Mim) O/\—FIU
(=« IXR—=Y3) 8



Definition of innovation
1 IR=Y3VDESE
* 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.

INEY RBICRKDERIEZE [ I/ NR=Y3VDRER] TlE. 1 /RX=IY3VEE

RS2 U A T PANEERB U, SH5ICZNSDLERICHESNDIED

[CT5E2] CRERH

— IINB. 1 IN=—Y3VOBRICIE. P T 1 P0H L=ITHZ T,
ZDPAT 1 PHEECILALSZTANGNTERITDCE, DFD,
[#2EBIENDN] DIBEBICEENTLND

Pavitt, et.al. “Managing Innovation,” 3. ed.



INNOVATIONS FOR PEOPLE



Innovation enable people to make
Impossible things possible

Adaptive spectacles by Adaptive Eyecare founded by Dr. Joshua Silver




Radio with hand-winding generator
provided critical information whlle

earthquake R TEENEHE LT




Q-drum freed women and children

from drawing water
ZNEDFHDIKRADHE ZEB LUICQF D A
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INNOVATIONS FOR
COMPE TITIVENESS OF FIRMS




Innovation contributes to the
competitive advantage of firms

A4 INXN—I 3 VIITEEZFREIIDIRER
e Differentiationzzriir) —

- B OB EGFHREMAEERET D EIC
KO T, BEOXINER wilingness to
pay) Zi8HO L. UM TE>TELDC
CTHmZRBD Competitive

Advantage

e Lower cost (axzrgehn

- HoHCESFSORGE., HEHALDE
gm:z ~CRRHEIDCCTRmZEHD !
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Companies will be able to adapt

environmental change by innovations
1 JR—Y 3 VICK > TREFBETICENTES

5900cc | 1496¢c



Dow Jones Industrial Index
iNn 1928

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,

, Texas Corporation, Texas Gulf Sulphur, Union
Carbide, U.S. Steel, Victor Talking Machine, Westinghouse Electric,
Woolworth, Wright Aeronautical

iNn 2017
3M, American Express, Apple, Boeing, Caterpillar, Chevron, Cisco
System, Coca-Cola, Disnhey, du Pont, , 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




INNOVATIONS FOR NATIONS



Innovation benefits countries
4 JNX—I 3 VOMEDERICE > TDEE

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

—ANBZDDOBEHXDZLBRDCEFIRINCETHDEDEZN S, BFH
RREZBESNTND

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

« HRPAUANTIE, YVOOBRBRERONFEDEA I/ N=—23VI[CKRD

* 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.

SEHASDERICLDBEAAD (=5E@1H#G) BSRUITER (=8XIHi)
DIERDRRAFNTCUND, ZABIERND. EOHIRDOREFRNRZHHIT I DITHD
ICIEA I R=Y 3 VDI |




Of course, new technologies made some

countries win the war
E53h. FIESEDHDERODEFCEZRDODDIEEHD

Atomic bomb made Japan to surrender Alan Turing made the machine to defeat Germany
ABAFTHICE CHZERIUIZRFIRE FAYEBZEITBENUEPSY « Fa—UVTDRSHHES




ACADEMIA AND INNOVATION



Discussions on
academia and innovation
REEA I N= 3 VDBERICDUNTDEER
* |tis 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).

« EULERZICERTDRAROEBMDED DI EINIE. EXICRITD1/
N—232D1 0%IEEEIENDIED. REIENZTHSD

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

« BEDA INR=Y3VDEERRIDD—DTHDIEMLIRBSNTUND




Increasing attention to
academic knowledge

as a source of industrial innovation
oA IR—Y 3 VDERE U TREDOEIEADBIMNDIEK

« Similar interest has grown regarding the

importance of the impact of academia on the

economy (OECD, 1990).
o« REMBEBENNEITEBHICDODNTERBENDSE > CULI\DOECD)
* Then, how can we measure academia-industry
collaboration?

+ Tl BIRES I R—Y 3V EDBRIFEDESICITNEEBHICH
ATEBON ?




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.

e THAIVZ-UYT—Y) | SBENBEHAXDICIIBINTIDIER
ST (EE LTSRS D AREN A S R—Y 3 VICRELTNG
SEEHAT BERE LOIBSNTNG



Research questions

* |s the academic influence onJapanese patents

differ among technological areas?
ASETEFNITRYDBFH\DHEEEMDDBICK > TREDDH ?

* Who cites who's academic paper supported by

whom?
ENBEICEL > THESNEEDEDRIYNZ L ZBINTNIDH ?

 Does distance matter when academia and

industry collaborate?
SRDANESRIDDE, HETHRT DD ETIIENDIERES E DFE
EREIT DD ?



M aterials and m ethods

Japanese patent

Construction of
database

O

sampling and
extraction of
reference

B0 techno bgy

sam p lng and
extraction of
reference

Nano-techno gy

g mprovement
patent filter

echnology paten
ilte

technolbgy patent
fitter

sampling and sampling and sampling and
extraction of extraction of extraction of

reference reference reference

M easurem ent of science Inkage n mapr 4 technobgical field

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

Full-automatic
» |extraction of science
linkage

Perform ance
mprovement

Does distance matter when academia and industry collaborate?




1. Extracting cited papers and
patents manually



Data used
AUETF—5

Patents granted since 1995 to 1999

199545 N 51999F DT NIL

Using filtering algorism, patents in four priority
technological fields in the Japanese Science

and Technology Basic Plan was filtered out.

. %%%$9U)ﬁ7ij?hjE&@ﬂ?&ﬁ%K%@@§é4ﬁ%%

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

« SEMDENSIEFS 00T DML

As control, 300 patents are randomly sampled

from entire patents since 1995 to 1999.
SIBREEE LTRSS 30 O EEIF AT InE



Filtering algorithm

Technological field

Filtering algorithm

Number of
patents
filtered

Bio

1)
2)

3)

IPC:C12N154+C12N/1+C12N/5+C12N/7+A61K/48

BHERDX—T7 KR AVEGEFHEEGFHEGFERINF+IVMNIILREBGF+H\ITIT7EEF+HHA
BEGF+EGFEE+ETGFARTLINIAIILA+HEREE HEEEE+ R+ Y
+HAbhA

1+2

6,965

Nano

1)
2)

3)

4)

IPC(+FI): B82B1/00+B82B3/00

F—O—F: F/HBHMAF+HAVYR—FZ+ AV *x ZIK) BB+ B C 8RS+ (B2 * Tyt d
N+BEE*T7EUI)+BAF+EFIAT+H+EFFIMEFHF+EFHBEHIBE+ (5252
a7 x 70O xvk * &) + (langmuirkblodgett) + 7 FHEW + (VN1 * FF)

20T —RERDIPCIZHKS:
AOTN+A23B+A23C+A23J+A23L+A61K+A61L+A61M+B01D+B01F+B01J+B03C+B05B+B05C+B05D+B07B
+B09B+B22F+B23B+B23C+B23D+B23K+B23Q+B24B+B25J+B32B+B41M+B62C+C01B+C01F+C01G+C0
2F+C03B+C03C+C04B+C07B+C07C+C07D+C07F+C07H+C07J+C07K+C08B+C08F+C08G+C08J+CO08K+
C08L+C09C+C09D+CO09K+C12N+C12P+C12Q+C21D+C22B+C22C+C23C+C23D+C23F+C23G+C25BL+C2
5C+C25D+C25F+C30B+D01F+D03D+D04H+D06F+D06M+D06N+D21H+G01B+G01C+G01J+GOTN+GO1NO
33+G01P+G01R+G01T+G02B+G02F+G03C+G03G+G03H+G05D+G06F+G11B+G11C+G12B+G21K+HO1B+
HO1F+HO1G+HO1J+HO1L 021+HO1L 023+HO1L 025+HO1L 027+HO1L 029+HO1L 031+HO1L 033+HO1L
039+HO1L 041+HO01L049+HO01M+HO1S+H04B+H05B+H05G+HO5H+HO5K

1+3

1,943

Information

IPC:GO6F+HO1L

49,995

Environment
improvement

Faucet = ZAB

1,995

Total

880,043




Percentage of patents citing previous

patents
SF300T YTV THITIFF 251 U TUDEFEFDLEEER
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Percentage of patents citing one or more

academic journals
SF300YYTIILBTHRNEZSIA U TU\DIFEFDLEER
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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

Universities

National labs
Regional labs

Companies

Individuals
I I —

/8 AA F/TO m
190




U.S. papers are cited most in bio-related-

patents invented in the US, in EU, and Japan
HRPBFEREICHODDSFRKETENMNEHRINDZIsIA=NTLE

WABIAESR 5




Funding agencies for biotech

papers

Not supported 1002 23%
NIH 947 13%
NSF 222 %
NCI (National Cancer Institute) 200 5%
USPHS (U.S. Public Health Service) 168 4%
American Cancer Society 157 4%
Ministry of science and education, Japan 93 2%
National Institute of General Medical Sciences 89 2%
Deutsche Forschungsgemeinschaft 66 2%
U.S. DOE o7 1%




Preliminary findings
CCETOFERED

Most of the authors of papers cited in patents
belonged to academia i.e. universities and public labs.
FEFICSIASNTUVEHRNDZS L [IZEBENES
U.S. papers are most cited by bio-tech patents
invented in the U.S., Europe and Japan.
INA ZFEFFICSIHSN TV ZHRXYE S DD [EKE TR
/7% of accumulated papers in biotechnology are

publicly funded.
INA ZAFEFCSIATSN TVEHRN DD < [ERBIBIZS (T CLY/E
Most funding agencies supporting academic papers

cited in bio-tech patents are located in the U.S.
DR IERBE DRI KEDEDIZ DI




3. Full-automatic extraction of
cited references using machine-
learning (Al)



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,

iInventers 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 | Reference not extracted
automatically automatically
Matched W x (leakage)
Unmatched \ (noise) 7
R W p w

w+ X w+y




Improvement of search formula

4l PatRuleBuilder %]
B2 |1 _,::| =)l |ep?lvol ¥d¥dGE¥H|E R [chapteret al | =lEEyE B | iﬂ'ﬂ/szil it I 0K
HE l =) | ey k& | IO:¥deveIop¥pacit¥patents _project¥include_final¥* L' X Vau
No.0 (05|20 G IR L2 58130 |2 (|45 ¢ HI L BB)_(¢d¥d) | (RE#P[RDRE [WHO [#PHCHT) ¥d¥p.. 3603
No.1 (pp?|vol) ¥d[¥d ¥ H|EE [hR) |2 |chapter et al 1025 Jrf% | TEB | 3IAxEE A _
No2 02500630 TXT SBACDSEGRYS.  [BRBEL .2
No3 02511247 TAT %Bﬁa);?--‘ﬁmfci UFe—F 02500643 THT
e 02511548 TXT EBADSEMZ. . ~2AVV(B |poromaro ey
osanT SO UGS loent
. . SERES.. </ 2{Kah X
No.? NOR11R4A THT FEBAMZELRLD T4 ET, | |02509630.TXT
< ! k4 Jdm B
HEFiTF -4 T —RERMIAH |4439f4— -2/ |00000000 v =17 l )7 | A= 20A1 |
I [3IBEX (w22 [~ |[Zzf14e  [31Fx (727 | IrALB | IR [~ wmigE |
025006543.T+T 45R88261-5.. 10000000 — 02528268 THT 0031 —
02500543 TXT 43E88262—1.. 10000000 02632858, TXT  FEBAEEAIZHEA gty |
02500543.TXT 43B58262—1.. 10000000 02632858 TXT  FEBADZEAE?LZ5EH
02500543.THT 45882 -258. 10000000 02532858, TXT  FEBHOEEAZ5EH
02500543.TXT 35BEF2—25. 10000000 02632858, TXT  FEBHDZEABIZ5EH e
02500543 TXT 45E8F2-25. 10000000 02532858 TXT FEBACDSEMBAHER R
02500543 TXT %5ERFZ2-51. 10000000 02632858 TXT FEBAOSEABTIEHER 13204455
025006543.THT 45BEF2—13.. 10000000 02632858, TXT  FEBHDEEA Z5EH
02500543.TXT 43B58263—1.. 10000000 02632858, TXT  FEBHDZEAMTZ5EH
02500543 THT 45B82-258. 10000000 02632858 TKT FEBADZEAM!4Z5EH
02505312 TXT 45E58263—1.. 10000000 02632858, TXT  FEBHDZEA Z5EH
02505312 THT 43B88262—1.. 10000000 02632858, TXT  FEBADZEAB Z5EH
02505312 THT 458263 —5.. 10000000 02632858 TXT FEBADZEA!Z5EH
02505312 TXT KEHFFES3.. 10000000 02532858, TXT  FEBHDEEA Z5EH
02505312 THT KENSFE4.. 10000000 02632858, TXT  FEBHDZEAB!Z5EH
02505312 TXT KEiFFE84.. 10000000 02532858 TXT  SEBADZEAB1IS5ER v ¢ N
02505312 TXT SKENSF284.. 10000000 o ¢ a2 —
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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?-

S b_ | Number of |Science

u classes Patents Linkage
C12N MICRO-ORGANISMS OR ENZYMES; COMPOSITIONS THEREOF; PROPAGATING, PRESERVING, OR 44425 146
MAINTAINING MICRO-ORGANISMS; MUTATION OR GENETIC ENGINEERING; CULTURE MEDIA )
C07K PEPTIDES 18390 12.3
C12Q MEASURING OR TESTING PROCESSES INVOLVING ENZYMES OR MICRO-ORGANISMS;
COMPOSITIONS OR TEST PAPERS THEREFOR; PROCESSES OF PREPARING SUCH COMPOSITIONS; 5442 7.6
CONDITION-RESPONSIVE CONTROL IN MICROBIOLOGICAL OR ENZYMOLOGICAL PROCESSES
C12P FERMENTATION OR ENZYME-USING PROCESSES TO SYNTHESISE A DESIRED CHEMICAL 9617 70
COMPOUND OR COMPOSITION OR TO SEPARATE OPTICAL ISOMERS FROM A RACEMIC MIXTURE )
G03C PHOTOSENSITIVE MATERIALS FOR PHOTOGRAPHIC PURPOSES; PHOTOGRAPHIC PROCESSES,
e.g. CINE, X-RAY, COLOUR, STEREO-PHOTOGRAPHIC PROCESSES; AUXILIARY PROCESSES IN 24018 6.3
PHOTOGRAPHY
C07J STEROIDS 1373 53
C07H SUGARS; DERIVATIVES THEREOF; NUCLEOSIDES; NUCLEOTIDES; NUCLEIC ACIDS 2837 50
C07D HETEROCYCLIC COMPOUNDS 24241 41
AOTH NEW PLANTS OR PROCESSES FOR OBTAINING THEM; PLANT REPRODUCTION BY TISSUE 596 40
CULTURE TECHNIQUES )
A61K PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES 23852 3.3




Ranking of Technological Fields (11~ 20)

-Which technological field represents strong science linkage in
Japan?-

Number of |Science

Sub—classes Patents Linkage

G09C CIPHERING OR DECIPHERING APPARATUS FOR CRYPTOGRAPHIC OR OTHER PURPOSES

INVOLVING THE NEED FOR SECRECY 233 3.0

C07G ORGANIC COMPOUNDS OF UNKNOWN CONSTITUTION 138 2.1

CO7F ACYCLIC, CARBOCYCLIC, OR HETEROCYCLIC COMPOUNDS CONTAINING ELEMENTS OTHER THAN
CARBON, HYDROGEN, HALOGEN, OXYGEN, NITROGEN, SULFUR, SELENIUM, OR TELLURIUM (metal- 3651 2.6
containing porphyrins)

C08B POLYSACCHARIDES; DERIVATIVES THEREOF (polysaccharides containing less than six saccharide
radicals attached to each other by glycosidic linkages; fermentation or enzyme-using processes; sugar industry; 1155 2.6
production of cellulose)

C07B GENERAL METHODS OF ORGANIC CHEMISTRY; APPARATUS THEREFOR 468 23

C07C ACYCLIC OR CARBOCYCLIC COMPOUNDS 15291 2.0

C14C CHEMICAL TREATMENT OF HIDES, SKINS OR LEATHER, e.g. TANNING, IMPREGNATING, FINISHING;

APPARATUS THEREFOR; COMPOSITIONS FOR TANNING o1 1.6
GO6E OPTICAL COMPUTING DEVICES 56 16
G10L SPEECH ANALYSIS OR SYNTHESIS; SPEECH RECOGNITION 1761 15

C09H PREPARATION OF GLUE OR GELATINE 18 1.4




Findings cczxtors

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

patent gazette is accomplished.

FETPICSIASTSNTULN DB (FFRKUMRNE) ZHEBEEICKDERF

IFTEICBETHEI D EICRII

The science linkage index among different patent

classifications differs significantly.

A INR=Y3VDDTFICK>T. PATIPORF GRS [T DE

SV BA1IVRUIT—=9) DEBEULLER DI

The pattern of difference of science linkage index was similar

iIn the EU and Japan.

g%;yz T —=IDDHFICKDENDE-IE. RRINEBARTERKRT
D/

It suggests that the process of creating new innovation differs

from technology to technology and the effectualoty of

academia-industry collaboration.

CDCEE BIMDDBICEK DT, PATIPHA I/NR=I3V[CxILT

S5Z22FE, IBRNBEFEEODBIECENDDHDICEZRIE



4. Citation vs Collaboration.

Does distance matter?
S|HEERSEE~RHIEDIEEEEZEEN ?




The address of co-inventor with the

primary inventor addressed in Japan
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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

FIRBE D48% 1D 30kmIUAIZ,
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Distance among inventors (collaboration) and
the distance from academic institution that

published papers to the citing inventor
s ImEEERE C H[QHARE ™R S DL (81 : km)

Distance among co- Distance from
iInventors academia to inventor
FBAA R Bk B rree Fiizk
Minimum 0.0 0.0
B /IME
Median 31.7 4,323.5
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Maximum 17,427.2 18,577.9
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Policy recommendations (1/2) BEigS

* 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.
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Policy recommendations (2/2)

HERIES

* 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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