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THE ROLE OF KNOWLEDGE DEMAND IN INNOVATION SYSTEMS:
EVIDENCE FROM JAPAN'S STATE-INDUSTRY COORDINATION * +

©2026 Francisco Javier Brambila Martinez, Daria E. Gribkova'

Contemporary studies on Japanese science and technology (S&T) policy predominantly examine the con-
straints of intersectoral initiatives in overcoming the country’s developmental stagnation. The distinctive institutional
and policy features of its public-private sector symbiosis are thereafter overlooked, depriving policy makers of criti-
cal insights into demand-side governance mechanisms through policy instruments and coordination frameworks.

This paper examines all Science and Technology Basic Plans (1996-2025) to assess the main causes and pur-
pose behind the gradual institutionalization of public-private coordination and their changing focus from sectoral
to social and national development. To assess their reach and effectivity, the tasks, policy measures and outcomes
documented in available annual Integrated Innovation Strategies from (2016-2024) are compared. Regarding inter-
sectoral priority directions, four main episodes are noted: strengthening of structural linkages (within the govern-
ment-university-corporation framework) (2016 to 2017), societal transformation (2018), crisis response (2019-2020)
and strategic autonomy (2021-2024). A typology of measures is constructed by their frequency, the most preva-
lent being joint public-private R&D, fiscal incentives for corporate innovation and technology transfer regulations.

Is concluded that Japan’s state and corporate-led intervention eftectively influences private R&D investment,
particularly in mission-critical areas, however the scope of its technological policies are constrained by the capacity of
key stakeholders to increase their knowledge demand in a short term. As a result, Japanese S&T policy has embraced
short-term, challenge-driven interventions with more tangible goals, however have so far failed to overcome regula-
tory bottlenecks, uneven SME participation, and persistent human capital shortages that constrain the nation’s over-
all innovation scalability.

Based on the tasks and challenges stated in both, Basic Plans and Integrated Innovation Strategies, this
study provides policy recommendations within the framework of dynamic regulatory sandboxes, SME-targeted
fiscal instruments, and workforce upskilling reforms to enhance systemic resilience.
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POJIb CIIPOCA HA 3HAHH A B MTHHOBAIIMOHHBIX CUCTEMAX:
JTAHHBIE O KOOPIUHAILIVHU TOCYIAPCTBA U IIPOMBIIIJIEHHOCTU
B ATTIOHUU

®. X. Bpam6uia Maprurec, JI. E. Ipu6kosa

CoBpemeHHbIE UCCTENOBAHNA HAYIHO-TEXHOTOTUYECKOH OMMTUEY Anonuy mpermyiecTBeHHo GoKy-
CUPYIOTCA HA aHA/IM3€ OIPAHIYEHUM MEXCEKTOPAIBHBIX NHUITUATUB B KOHTEKCTE PEOTONEHIS CTATHAIIMN HAIVIO-
HATIBHOTO PasBuTHA. [1prr 5TOM yHUKAIIBHBIC MHCTHTYLIOHAIBHbIC XAPAKTECPHUCTHKH 1 IIOTUTAYECKIE OCODEHHOCTH
MOJIEJIV FOCYHAPCTBEHHO-YACTHOTO IAPTHEPCTBA OCTAIOTCA HEJOCTATOUHO USYUECHHBIMY, UTO JIAIIAET ITOTUTUIECKUIX
AKTOPOB BXXKHON MHGOPMALIMN OTHOCHTEIBHO MEXAHII3MOB YIIPARTIEHIIA CO CTOPOHBI CLIPOCA, PEAINSYEMBIX TIOCPE]-
CTBOM MHCTPYMEHTOB IIOIUTUKY U KOOPAUHAIIOHHBIX CTPYKTYP.

B macrosamem nccie0BaHUN IPOBOAUTCA KOMILIEKCHBINM AHAIA3 BCEX BA30BBIX ITAHOB PA3BUTHS HAYKY U
TexHomoruit (1996—-2025) crpaHs! € Lebio BBUBICHIA KITIOUCBBIX PAKTOPOB U LIEJICBBIX YCTAHOBOK IIOCTEIICHHOM
UHCTUTYIMOHATIM3AIIN FOCY/IAPCTBEHHO-YACTHOM KOOPAUHAIIUY, 4 TAKXKE SBOJIOLUHU €€ POKYCa C OTPACJIEBOrO Ha
COLMATIBHOC 1 HALJMOHAJIBHOE passuTHe. [y onenku Macmrraba 1 9pQeKTHBHOCTH Pea3ariiy YKA3aHHbIX IUTAHOB
OCYINECTBILAETCA CPABHUTEIILHBIN dHAINS 34744, MEP IOJIUTUKU U JJOCTUTHYTBIX PE3Y/IETATOB, 34PUKCUPOBAHHbIX B
€YKETOJHBIX CTPATEIMAX KOMIUIEKCHOTO MHHOBALIMOHHOIO PA3BUTHLA (2016-2024). B xone nccrenoBaHms BEIEICHBI
YETHIPE IOCIENOBATEIBHBIX HTAIlA SBOJIOLIUY IPUOPUTETOB MEXCEKTOPAIBHOIO B3AMMOJIEHCTRIA: IIEPUOL, YKPEILIe-
HUSL CTPYKTYPHBIX B3AMMOCBSSEH B TPEYTONBHUKE «TOCYAAPCTBO—YHUBEPCHTETBI—0m3Hec» (2016-2017), aTan couu-
anbroOM Tpancpopmanmu (2018), $pasa antuxpusucaoro perymposanus (2019-2020) u coBpeMenHIi 9Tan 0be-
criedeHns cTparerndeckoit aronomun (2021-2024). Merogom gacTorHOro ananusa chopMUPOBaHa TUITOTOTHA
Hanbosiee PaCIIPOCTPAHECHHBIX MHCTPYMEHTOB IOJIUTHKHY, CPEAH KOTOPBIX JOMUHUPYIOLIEE IIOTOXKCHNC 3aHUMAIOT
MEXAHI3MBI TTOBIECPYKKI COBMECTHBIX MCCICHOBAHMI 1 Pa3pabOTOK OPraHMSaisAMI FOCY AP CTBEHHOTO ¥ 4ACTHOTO
CEKTOPOB, CUCTEMA MCKATBHBIX CTHMYJIOB UL MHHOBALMOHHOTO PAa3BUTIA OM3HECA, 4 TAKYKE HOPMATHBHO-TIPABO-
BBIE AKThI, PErYJIUPYIOIIME IPOLECCH TPAHCPEPA TEXHONOTHIA,

IIpoBepeHHbIi aHAN3 O3BOTIAET CAEIIATh BBIBOJ, YTO B SIIIOHNM roCy/lapCTBEHHOE PEryINPOBAHKE B ITAp-
THEPCTBE C KOPIIOPATUBHBIM CEKTOPOM JCHCTBATEIBHO OKA3bIBACT S3HAYMMOC BIMAHUC HA 0OBEM 4ACTHBIX MHBECTH-
LI B NCCIICAOBAHIA U PasdpaboTK, 0COOEHHO B CTPATEIMHUECKH BAXKHBIX OTPACIAX SKOHOMUKH. Oprako sdpdeKTrs-
HOCTB POBOAMMOI TEXHOIOTMHECKOM HOTMTHKH CYIICCTBCHHO OrPAHIYCHA MHCTUTYLIMOHATIBHBIME Oapbepam, mpe-
YKZE BCETO HECTOCOOHOCTHIO KITIOYCBBIX YYACTHIKOB MHHOBALIIOHHOTO POLIECCA ONEPATUBHO HAPAIBATS CLIPOC HA
HOBBIE 3HAHVA U TEXHOJIOTMUECKIE PEMIEHNA. DTO UHCTUTYLMOHATIEHOE OrPAHITYEHIIE TPUBEJIO K IEPEOPUEHTAIINN
HAYYHO-TEXHUYECKOU MOJUTUKYU CTPAHBI Ha KPATKOCPOUHBIE LIETIEBbIE MHTEPBEHINH, CHOKYCUPOBAHHBIE Ha Pelle-
HUM KOHKPETHBIX TEXHOJIOTIUECKUX BBISOBOB 1 MIMEIOILUE YETKIE KOUYECTBEHHBIE II0KA3ATENM PE3yIIETATUBHOCTH.
Oz HaKo, KaK [OKA3bIBACT UCCIIEAOBAHICE, TOFOOHBIC MEPBI ITOKA HE IIO3BOJLAIOT IPEOFOIIETh CUCTEMHBIC OTPAHMYCHIS
MHHOBALIMOHHOTO PA3BUTHA, BKIIOYAA COXPAHAIONINCCA PErYIATOPHbIC Gapbepbl, HEPABHOMEPHOE Y4ACTHC MAIOTO
U cpegHero 61sHeca B MHHOBAIMOHHBIX [IPOLIECCAX, 4 TAKXKE XPOHUYCCKUI AePUIMT KBATNPUIMPOBAHHBIX KaJpOB
Heobxogmmoit cienpausarn. COBOKYITHOE ACHCTBIE THX GAKTOPOB MPOJOIDKACT CACPYKIBATE BOSMOXHOCTH MaC-
rTabMPOBAHIE MHHOBALIMI Ha YPOBHE SKOHOMIKH B [IC/IOM.
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Ha ocHoBanuy aHANM3a 32724 U BRISOBOB, CPOPMYIIMPOBAHHBIX KaK B Basosbix mranax, Tax u B Kommnexc-
HBIX MHHOBAIIMOHHBIX CTPATEITAX, B PAMKAX HACTOAIETO MCCICHOBAHIS ITPEAIATAIOTCA PEKOMCHZIAIIVI TI0 COBCPIICH-
CTBOBAHMIO IIOTIATHKY B CJICAYIONTIX K/TIOUCBHIX HATPABICHIAX: BHEAPCHUC AMHAMUYHEIX PEIY/IATOPHBIX «IICCOTHHIL,
paspaboTka 1eeBbIX GUCKAIBHBIX MEXAHUSMOB UL CYOBEKTOB MAJIOTO M CPESHETO IPEHIPIHAMATEIIBCTBA, 4 TAKIKE
peanmsaryis pedpopm B 06aCTH TOBBIICHNA KBATAHKaLMK paboucit crutbl. ITpepiaraeMpIil KOMILIEKC MEp HATIPaB-
JIEH Ha YCUJIEHUE YCTOMYMBOCTY HALIMOHAIbHOM MHHOBALMOHHOM CUCTEMBIL.

Kamwuesvie caosa: SAnonns, cipoc Ha 3HAHKSA, THHOBAIVIOHHAS MOJIUTUKA, HAYYHO-TEXHUYECKAS TIOJIH-
THKA, MUCCHA-OPHUEHTUPOBAHHAL ITOMUTHKA, TOCYAPCTBEHHO- 1 PHIHOYHO-OPUEHTHPOBAHHEIEC MHHOBAIIMML, TOCY-
JAPCTBEHHO-YACTHOE APTHEPCTBO, MCCIICHOBAHIA U PaspaboTKu

Jus yumuposanns: bpambuna Maprunec ©. X, Tpubxosa [I. E. Pons cpoca na snanms 8 mHHOBALIK-

OHHBIX CUCTEMAX: JAHHbIE O KOOPAUHAIINYU TOCYJAPCTRA U IPOMBIIIIeHHOCTH B Anonun. Becmuux Hucmumyma
socmoxosedenus PAH. 2026. Ne2. C. 115-129. DOI: 10.31696/2618-7302-2026-2-115-129

INTRODUCTION

This research builds on the author’s hypothesis that innovation is driven by a dynamic equilib-
rium between the supply of accumulated industrial capabilities and the continuous demand for state and
industry knowledge.

Japan represents an important case study for examining this proposition, as it demonstrates a dis-
tinct developmental trajectory among state-led late-industrializing nations. Superficially, Japan exhibits
conceptual similarities with other East Asian economies, particularly in its adoption of Western education
systems, post-war technological investments for industrial recovery, and subsequent focus on high-tech
industries to enhance global competitiveness. However, Japan distinguishes itself through the unprece-
dented scale and diversification of its economy, driven by sustained intersectoral coordination since the
onset of its late industrialization.

For instance, the Meiji Restoration (1868—1912) marked the institutionalization of a central-
ized, state-directed scientific and industrial framework, beginning with the founding of Japan’s first
Western-style universities, (such as Tokyo Imperial University in 1877), which housed STEM depart-
ments initially staffed by foreign experts under government-sponsored programs [Curtis, 1996, p. 269-
272]. These early partnerships yielded substantial technological spillover effects while cementing endur-
ing collaborations between state-aligned corporations and academic institutions through formal con-
tractual agreements. Over time, these institutional arrangements laid the foundation for Japan’s mod-
ern industrial conglomerates.

The post-World War II era brought substantial restructuring of Japan’s governance apparatus
under US occupation, marked by significant expansions in higher education access through the School
Education Law of 19477, particularly in STEM fields. This period also saw the implementation of knowl-
edge transfer programs like the Productivity Program of 1955, which facilitated exchanges of managers,
engineers, and scientists with US companies, along with strategic technology licensing arrangements.
These developments fundamentally transformed government-industry relations, enhancing private sec-
tor negotiating power through business federations while establishing new frameworks for public-private
partnerships in capital-intensive domains such as space exploration and nuclear energy [Yamada, 1956,
p- 33—45]. The creation of institutions like the Japan Society for the Promotion of Science (1949) and

> Gakko kyoiku-ho [School Education Law] // National Diet, 1947. URL: https://laws.c-gov.go.jp/law/322AC0000000026
(accessed: 01.04.2026).
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the Ministry of International Trade and Industry (1949) further institutionalized state support for indus-
trial research and talent development.

Subsequent decades witnessed intensive export-oriented industrialization efforts characterized
by state support for private sector development and manufacturing capabilities in high-value commer-
cial sectors (including electronics and automotive industries), demonstrating a synergistic alignment of
business and public interests focused on sustained economic growth. However, the financial crisis of
the carly 1990s marked a turning point, prompting the state to adopt a more active role in stimulating
knowledge demand to address systemic economic and demographic challenges through targeted science
and technology coordination mechanisms [Odagiri, 1997, pp. 461-471].

This historical overview reveals that while Japan’s science and technology policy (STT) shares
foundational characteristics with other developed nations, it has evolved into a sophisticated state man-
agement instrument and national agenda facilitator in the 21st century. Important questions remain how-
ever regarding the formal processes governing public-private sector interactions, particularly in determin-
ing knowledge demand priorities when addressing national and social challenges, as well as assessing the
overall effectiveness of these mechanisms in promoting national development.

FroM FRAGMENTATION TO INTEGRATION: THE EVOLUTION OF JAPAN’S SCIENCE
AND TECHNOLOGY GOVERNANCE

The evolution of Japan’s science and technology governance framework emerged against
a backdrop of intense global competition and prolonged domestic economic stagnation following the
collapse of the asset price bubble. During this critical period, the nation’s support measures for scientific
and technological advancement remained fragmented across various government agencies, lacking coherent
institutional objectives and effective coordination mechanisms. The pivotal turning point came with the
enactment of the Basic Science and Technology Law in 1995,” which established a structured framework
for science and technology policy through five-year “Basic Plans” developed under the auspices of the
Council for Science and Technology, operating under the Prime Minister’s authority. However, the
Council initially functioned primarily in an advisory capacity, lacking sufficient mechanisms to resolve
inter-ministerial conflicts, particularly between the industry-focused METT (Ministry of Economy,
Trade and Industry) and academia-oriented MEXT (Ministry of Education, Culture, Sports, Science
and Technology), or to effectively align industrial priorities with national strategic objectives.

The implementation of the Central Government Reform Act between 1998 and 2001* marked
a significant transformation in Japan’s science and technology governance architecture. This legislative
reform strengthened the Prime Minister’s executive authority within the Cabinet Office and elevated
the status of the reorganized Council for Science and Technology Policy, consolidating its position
as Japan’s preeminent science and technology policymaking body. The Council’s expanded mandate
encompassed the formulation of national objectives within the Basic Plans framework, coordination of
comprehensive research and development programs involving public-private-academic collaboration,
allocation of budgetary resources to relevant ministries and agencies, and the proposal of legislative and
regulatory measures for priority domains including artificial intelligence, digital transformation, and
economic security.

* Kagaku gijutsu inobéshon kihon-ho kagaku gijutsu inobéshon soshutsu no kassei-ka ni kansuru héritsu [Basic Act on
Science, Technology and Innovation / Act on Revitalization of Science, Technology and Innovation Creation] // National
Diet, 1995. URL: %ﬁtps:/ /www8.cao.go.jp/cstp/cst/kihonhou/mokuji.html (accessed: 01.04.2026).

* Central Government Reform of Japan // Prime Minister's Office, 2001. URL: https://japan.kantei.go.jp/central_government/
frame.html (accessed: 01.04.2026).
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The composition of the Council for Science and Technology Policy reflects Japan’s institutionalized
approach to integrating diverse stakeholder interests, comprising government ministers, industry leaders
(typically chief executives of major corporations), university presidents, and distinguished scientists
appointed by the Prime Minister to facilitate the consolidation of cross-sectoral interests while maintaining
dedicated implementation mechanisms. Japan’s five-year Basic Plans exhibit certain characteristics
reminiscent of centrally-planned economic systems, particularly in their establishment of budgetary
targets and inter-institutional roadmaps for addressing national challenges, notwithstanding, Japan’s
model remains distinctive in its ability to harmonize private sector interests through a network of highly
diversified corporations that occupy strategic positions within the national economic landscape without
resorting to direct government control.

The effectiveness of interest representation and negotiation between public and private sectors
has been significantly affected however by Japan’s political dynamics, particularly the frequent turnover
of executive leadership. With thirteen different prime ministers serving between 2000 and 2025 (excluding
Shinzo Abe’s unprecedented eight-year second tenure), the political landscape has been characterized by
persistent instability. This pattern of short executive tenures has compounded the inherent challenges of
tive-year planning cycles, particularly in adapting to unforeseen contextual changes. In response to these
limitations, the Council for Science and Technology Policy introduced annual “Integrated Innovation
Strategies” in 2016, designed to enhance policy adaptability while establishing concrete timelines for
implementation measures that balance state and private sector interests.

Analysis of the evolving objectives within both Basic Plans and Integrated Innovation Strategies
reveals distinct phases in Japan’s science and technology policy orientation (table 1). The initial four Basic
Plans (1996-2015) prioritized the consolidation of Japan’s science and technology ecosystem, emphasizing
the complementary roles of academic institutions and industrial research and development in enhancing
the nation’s commercial competitiveness. A significant policy shift occurred with the fifth Basic Plan (2016
onward), which expanded the scope of science and technology policy to address broader socioeconomic
challenges through the “Society 5.0” framework articulated in Japan’s 2015 Revitalization Strategy. This
new paradigm emphasized social equity and quality of life improvements as fundamental components of
sustainable growth, representing a departure from previous productivity-centric approaches.

Table 1. Main goals and tasks of Japan’s Basic Plans

Document Goal Tasks

Transition from industrial 1. Shift from industrial and applied R&D to

First Basic Plan policy-driven inpovation to foundational science. o o

(1996-2000)° a more systematic, long-term 2. Improve PhD programs and training of scientists and
investment in science and engineers to counter the country’s brain drain.
technology. 3. Reduce bureaucratic processes in funding allocation.
Strengthen human resource 1. Intensive R&D in life sciences, IT and

Second Basic Plan de'Vel'o'pm'ent, strgtegi@ nanotechnologies.

(2001-2005)° prioritization, university- 2. Increase support for PhD and postdoc programs as
industry collaboration on key  |well as international exchanges.
areas. 3. Flexible rules for university-industry collaboration.

5 Kagaku gijutsu kihon keikaku [Basic Plan of Science and Technology] // Ministry of Education, Science, Sports and Culture,
1996. URL: https://www.mext.go.jp/b_menu/shingi/kagaku/kihonkei/honbun.htm (accessed: 01.04.2026).

¢ Dai 2-ki kagaku gijutsu kihon keikaku [Second Science and Technology Basic Plan] // Cabinet Office, 2001. URL: https://
www8.cao.go.jp/cstp/kihonkeikaku/honbun.html (accessed: 01.04.2026).
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(2006-2010)”

challenges.

Document Goal Tasks
Strengthen the country’s 1. Intensive R&D in life sciences, IT and
leadership in strategic arecas nanotechnologies.
Third Basic Plan amid global competition 2. Increased international and university-industry

collaboration.
3. Development of S&T regional university and industry
clusters with decreasing population density.

Fourth Basic Plan

Increase the country’s disaster
resiliency and boost its energy
security with emphasis on green

1. Intensive R&D in life sciences (healthcare), disaster
resiliency (environmental, marine, space sectors) and
green energy (solar, wind and next generation batteries).

(2011-2015)® technologies. 2. S&T to strengthen the national infrastructure.
3. Establish and finance industry-academia R&D in areas

of commercial potential.

1. R&D support for digital technologies as enablers of
strategic sectors (energy, healthcare, and manufacturing).
2. Research infrastructure strengthening and attraction
of local and foreign talents.

3. Establish and finance industry-academia R&D in
advanced technologies for global leadership.

1. Strategic autonomy of key technologies (Al, quantum,
semiconductors).

2. Adaptation of digitally integrated technologies to crisis
response (post-pandemic reality and geopolitical threats).
3. Foster state-industry-academia with the private sector,
including with international partners in key sectors.

Lay the foundations for the
integration of digital and
physical systems within the
framework of Society 5.0

Fifth Basic Plan
(2016-2020)°

Pursue transformative
innovation for sustainable
growth (population, industry
and economy)

Sixth Basic Plan
(2021-2025)1°

Source: Cabiner Office

While the Basic Plans have maintained relatively abstract objectives, the accompanying Integrated
Innovation Strategies have demonstrated progressively greater specificity and practical focus (table 2). These
annual roadmaps have evolved from initial emphasis on integrating physical and digital infrastructures
under the Society 5.0" vision to addressing more immediate concerns including economic security,
supply chain resilience, and governance frameworks for emerging technologies like artificial intelligence.
Considering that the sixth Basic Plan (2021-2025) notably omits explicit references to Society 5.0,
potentially reflecting strategic realignments prompted by the COVID-19 pandemic’s aftermath and
evolving geopolitical tensions affecting science and technology sectors, is worth noting that this shift may
however indicate a growing prioritization of short-term, challenge-driven planning over long-term visionary
frameworks, with state and industry knowledge demands increasingly shaping national policy directions.

OVERVIEW OF JAPAN’Ss PoLICY MEASURES FOR PUBLIC-PRIVATE INNOVATION

The measures implemented through Japan’s Integrated Innovation Strategies demonstrate
distinct characteristics when compared to the more tentative approaches of the Basic Plans, particularly

7 Dai 3-ki kagaku gijutsu kihon keikaku [Third Science and Technology Basic Plan]. // Cabinet Office, 2001. URL: https://
www8.cao.go.jp/cstp/kihonkeikaku/kihon3.html (accessed: 01.04.2026).

¥ Dai 4-ki kagaku gijutsu kihon keikaku [Fourth Science and Technology Basic Plan] // Cabinet Office, 2011. URL: https://
www8.ca0.go.jp/shougai/suishin/pdf/kihonkeikaku30.pdf (accessed: 01.04.2026).

? Dai 5-ki kagaku gijutsu kihon keikaku [Fifth Science and Technology Basic Plan] // Cabinet Office, 2016. URL: https://
www8.cao.go.jp/cstp/kihonkeikaku/index5.html (accessed: 01.04.2026).

1% Dai 6-ki kagaku gijutsu kihon keikaku [Sixth Science and Technology Basic Plan] // Cabinet Office, 2021. URL: https://
www8.cao.go.jp/cstp/kihonkeikaku/index6.htmlf (accessed: 01.04.2026).

' Society 5.0 // Cabinet Office, 2016. URL: https://www8.cao.go.jp/cstp/societyS_0/ (accessed: 01.04.2026).
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in their capacity to shape both state and corporate knowledge demand (table 2). The evolution of state-led
knowledge demand reveals a clear trajectory from addressing broad societal challenges to pursuing targeted
geopolitical and technological sovereignty objectives. During the initial implementation period from
2016 to 2018, government priorities centered on mission-oriented research and development in critical
sectors such as energy and healthcare, reflecting traditional developmental state models where public
institutions identify and pursue complex technological challenges. The emergence of the COVID-19
pandemic in 2020 prompted a shift toward crisis-responsive strategies, with substantial resources allocated
to pandemic-related digital health solutions and climate adaptation technologies, particularly hydrogen-
based systems. The post-2022 period witnessed further refinement of state priorities toward strategic
autonomy, evidenced by significant subsidies directed at securing semiconductor supply chains and
developing domestic capabilities in critical materials, highlighting the government’s evolving role in
mitigating geopolitical risks through science and technology policy.

Table 2. Main goals and measures of Japan’s Integrated Innovation Strategies

Document Goal Measures

1. Industry-Academia-Government alliances in priority areas;
2. Introduction of mission-oriented R&D for national challenges

Integrated Innovation ) (e. g, solving energy efficiency, healthcare challenges);
Strategy (2016)"2 In'dustry-academla R&D |3, Encourage corporate access to public research data;
alignment 4. Accelerate technology transfers from universities to

firms via technology licensing organizations; promote
international joint patents and standardization.

1. Companies co-design national R&D projects;
2. Enhanced R&D Tax Credits: Up to 25% for SMEs, 10%
for large companies.

Integrated Innovation Industry-academia R&D 3. Reduced taxes (10-15%) on income from patented

Strategy (2017)" alignment technologies;
4. Government acts as a "first adopter” of advanced tech

(e. g, robotics in eldercare, renewable energy systems);
5. Creation of regulatory sandboxes.

1. Corporations propose bold R&D goals with social impact;
2. Industry-cross-ministerial R&D programs in autonomous
] vehicles and energy storage technologies;

Integrated IIlIlO\;ilthIl Socictal transformation |- Enhanced deductions for corporate R&D — up to 30% for
Strategy (2018) SMEs and 15% for large firms in priority areas.

4. Reduced tax rate to 10% for income from patented tech;

5. Government prioritized purchases of Al/robotic solutions.

12 Kagaku gijutsu inobéshon s6go senryaku 2016 [Integrated Innovation Strategy 2016] // Cabinet Office, 2016. URL:
https://www8.cao.go.jp/estp/sogosenryaku/2016.html (accessed: 01.04.2026).

3 Kagaku gijutsu inobéshon s6go senryaku 2017 [Integrated Innovation Strategy 2017] // Cabinet Office, 2017. URL:
https:/ /www8.cao.go.jp/estp/sogosenryaku/2017.html (accessed: 01.04.2026).

4 Kagaku gijutsu inobéshon sogo senryaku 2018 [Integrated Innovation Strategy 2018] // Cabinet Office, 2018. URL:
https://www8.cao.go.jp/cstp/tougosenryaku/tougo_honbun.pdf (accessed: 01.04.2026).
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Document

Goal

Measures

Integrated Innovation
Strategy (2019)%

Pandemic response

1. Prioritized R&D in Al IoT and robotics for disaster resilience
and pandemic response;

2. Aligned national R&D budgets with corporate-identified
priorities;

3. Expanded cross-sector data sharing between corporations
and national research institutes;

4. Expanded state venture-capital funding for university
startups;

5. Streamlined patent licensing from public institutes to SMEs
and startups.

Integrated Innovation
Strategy (2020)/6

Post-pandemic growth

1. Post-pandemic driven R&D in digital health, telemedicine,
and vaccine development through public-private partnerships;
2. Alignment of national Al R&D with industry needs;

3. Shifted R&D focus to renewable energy, hydrogen tech, and
circular economies with corporate input;

4. Funding for deep-tech startups;

5. Simplified patent licensing from universities to corporations.

Integrated Innovation
Strategy (2021)!7

Economic security

1. Government-sponsored Al, IoT and 5G to address industry
productivity gaps;

2. Aligned corporate R&D with Japan’s 2050 carbon-neutral
goal;

3. Doubled funding for deep-tech startups (e. g., quantum,
biotech) and corporate-startup collaborations;

4. Streamlined university patent licensing;

5. Corporate-state R&D in 6G with global players.

Integrated Innovation
Strategy (2022)%

Strategic technology
governance

1. Aligned corporate R&D in strategic technologies (Al,
quantum, and biotech) to reduce foreign dependencies;

2. Subsidies for corporate DX adoption;

3. ¥10 trillion fund for corporate-backed ventures in space,
biotech, and Al

4. Secure cross-border data sharing for firms

5. Al R&D standards and guidelines

Integrated Innovation
Strategy (2023)%°

Industrial chain resiliency

1. Public-private cooperation in securing critical materials;

2. ¥2 Trillion in subsidies for companies in all stages of the
semiconductor supply chain;

3. Corporate alliance on carbon neutrality roadmaps;

4. Reduced tax rate to 5% for Al/green-tech IP income;

5. Doubled tax deductions for firm investments in deep-tech
startups.

!5 Kagaku gijutsu inobéshon s6go senryaku 2019 [Integrated Innovation Strategy 2019] // Cabinet Office, 2019. URL:
https:/ /www8.cao.go.jp/estp/togo2019_honbun.pdf (accessed: 01.04.2026).

16 Kagaku gijutsu inobéshon sogd senryaku 2020 [Integrated Innovation Strategy 2020] // Cabinet Office, 2020. URL:
https://www8.cao.go.jp/estp/ tougosenryaku/2020.html (accessed: 01.04.2026).

17 Kagaku gijutsu inobéshon s6go senryaku 2021 [Integrated Innovation Strategy 2021] // Cabinet Office, 2021. URL:
https:/ /www8.cao.go.jp/estp/tougosenryaku/2021.html (accessed: 01.04.2026).

'* Kagaku gijutsu inobéshon s6go senryaku 2022 [Integrated Innovation Strategy 2022] // Cabinet Office, 2022. URL:
https:/ /www8.cao.go.jp/estp/tougosenryaku/2022.html (accessed: 01.04.2026).

2 Kagaku gijutsu inobéshon s6go senryaku 2023 [Integrated Innovation Strategy 2023] // Cabinet Office, 2023. URL:
https://www8.cao.go.jp/estp/tougosenryaku/2023.html (accessed: 01.04.2026).
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Document Goal Measures

1. 0% tax rate for first 3 years on green-tech IP income;

2. Al-driven bureaucracy;

3. Sandboxes with fast-track approvals for UAVs, space and
neuro technologies;

4. ¥20 trillion fund targeting Al, biotech, and space startups;

5. Expanded semiconductor R&D with U.S., Korea, and EU.

Advanced

Integrated Innovation ‘ndustrialization

Strategy (2024)%

Source: Cabiner Office

Private sector knowledge demand within Japan’s innovation ecosystem has been shaped through
a combination of fiscal incentives, market opportunity structures, and collaborative governance frameworks.
For instance, initial policy measures in 2016 focused primarily on research and development tax incentives,
offering research and development deductions for large enterprises, alongside mechanisms to streamline
technology transfer from academic institutions. Subsequent years saw growing corporate influence on
national research and development agendas, manifested through industry-proposed moonshot projects
and cross-sector data-sharing initiatives. The period from 2022 to 2024 marked a pronounced shift toward
deep technology investments, particularly in artificial intelligence and biotechnology, accompanied by
demands for greater regulatory flexibility with the introduction of sandboxes in dedicated sector. This
progression illustrates the transformation of private sector engagement from passive policy recipients
to active participants in knowledge demand co-creation, facilitated by state-developed risk mitigation
instruments including intellectual property tax reductions and venture capital funding mechanisms.

The interface between state and private knowledge demand finds its most sophisticated expression
in Japan’s hybrid governance model, which strategically combines top-down policy direction with
bottom-up innovation dynamics. Corporate involvement in national research and development planning
since 2017 exemplifies this co-design approach, enabling firms to reconcile state priorities with market
realities. Collaborative initiatives such as public-private pandemic research consortia in 2020 and carbon-
neutral industrial alliances in 2023 demonstrate the potential for symbiotic knowledge production, where
public funding reduces private sector risk exposure. However, this collaborative framework has not been
without tensions, particularly regarding intellectual property control and implementation timelines,
where the state’s long-term resilience objectives frequently conflicted with corporate return-on-investment
expectations. These tensions have been partially resolved through adaptive policy instruments including
streamlined patent licensing processes implemented between 2019 and 2024 and experimental regulatory
sandbox regimes established in 2024, which collectively attempt to balance proprietary interests with
collective innovation goals.

Japan’s fiscal and regulatory toolkit for modulating knowledge demand has undergone significant
refinement since 2016. For instance, early tax incentive structures rewarded private sector research and
development investment but lacked sufficient sectoral specificity, by 2021 however, these incentives
became more targeted, offering differential deduction rates such as 30% for small and medium enterprises
operating in priority areas, reflecting deliberate state steering toward strategic technologies including
artificial intelligence and green energy solutions. The 2023-2024 reforms introduced further sophistication
through tiered intellectual property tax rates, including preferential 5% rates for artificial intelligence and
green technologies and complete tax exemptions for the first three years of operation, creating explicit
linkages between private sector returns and national strategic objectives. Parallel developments in regulatory
frameworks, particularly the expansion of sandbox mechanisms between 2017 and 2024, have reduced

*° Kagaku gijutsu inobéshon sogo senryaku 2024 [Integrated Innovation Strategy 2024] // Cabinet Office, 2024. URL:
https:/ /www8.cao.go.jp/cstp/tougosenryaku/2024.html (accessed: 01.04.2026).
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barriers to innovation in high-risk sectors including drone technologies and space commercialization,
enabling controlled experimentation environments. These policy instruments collectively demonstrate
a comprehensive state strategy to internalize innovation externalities, using public subsidies and tax policy
to redirect private knowledge demand toward socially optimal outcomes including decarbonization and
supply chain resilience.

Japan’s science and technology system presents a compelling challenge to conventional linear
innovation models by demonstrating the iterative interaction between state and private knowledge
demand. The system exemplifies how corporate input can reshape national research and development
budgets, as evidenced in 2019, while state responses to crises such as pandemics and climate emergencies
can redirect private sector research priorities. This dynamic aligns with Mazzucato’s (2013) [Mazzucato,
2013, pp. 97-103] entrepreneurial state thesis, which posits that public institutions not only address
market failures but actively create new markets through mechanisms such as first-adopter procurement
policies. Three particularly noteworthy features emerge from this analysis: dynamic fiscal instruments
including time-bound intellectual property tax cuts that synchronize state and private sector priorities;
co-governance mechanisms such as regulatory sandboxes that mediate differences in risk tolerance; and
strategic global alliances in areas like semiconductor development that reconcile national autonomy with
international interdependence. These elements collectively represent Japan’s distinctive approach to
orchestrating innovation through the strategic management of knowledge demand.

FroMm Basic PLANS TO INTEGRATED STRATEGIES: MEASURING JArPAN’s INNOVATION
Poricy OUTCOMES

The assessment of Basic Plan effectiveness reveals mixed outcomes when evaluated against research
and development expenditure targets, with only the Basic Plan (2001-2005) achieving its stated financial
objective of 3% (from 2.9%) (table 3).

Table 3. Main performance indicators of Japan’s Basic Plans from 1996 to 2022

Document Target Actual Document Target Actual

goal, % expenditure,% goal,% expenditure,%
First Basic Plan 3 2.6 (1996); 2.8 Fourth Basic Plan 35 3.2(2011); 3.2
(1996-2000) (2000) (2011-2015) ‘ (2015)
Second Basic Plan 3 2.9 (2001); 3.1 Fifth Basic Plan 4 3.1 (2016); 3.3
(2001-2005) (2015) (2016-2020) (2020)
Third Basic Plan 3.5 3.2 (2006); 3.1 Sixth Basic Plan 4 3.3(2021);3.4
(2006-2010) ‘ (2010) (2021-2025) (2022)

Source: Cabiner Office

A more comprehensive evaluation incorporating socioeconomic indicators shows however
modest progress, as evidenced by the Human Development Index improvement from 0.874 in 1996
to 0.920 in 2022, though this was accompanied by a relative decline in global ranking from 6th to 24th
position. Technological impact measurements using the Economic Complexity Index present a more
tavorable picture, with Japan maintaining consistent global leadership despite temporary setbacks in
2009, 2014-2016, and 2019-2023. The observed volatility in technology and research complexity metrics
between 2000-2007, 2008-2012, and post-2013 corresponds with major policy realignments, particularly
following the 2013 Comprehensive Strategy on Science, Technology, and Innovation which laid the
groundwork for subsequent Integrated Innovation Strategies (table 3).
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Graph 1: Japan’s main development indicators and global position.
Source: United Nations Development Programme. Human Development Index by country // United Nations Development
Programme, 2026, URL: bttps://bdr.undp.org/data-center/country-insights/ranks (accessed 01.04.2026); Atlas Economic
Complexity ranking by country // Atlas of Economic Complexity, 2026. URL: https://atlas.bks. harvard.edu/rankings
(accessed: 01.04.2026)

The evaluation framework for Integrated Innovation Strategies differs substantially from that of
Basic Plans, incorporating detailed annual progress assessments and identified implementation challenges
that facilitate ongoing policy refinement (table 4). These strategies have demonstrated considerable
success in stimulating private sector research and development investment, with corporate expenditure
growth accelerating from 6% in 2018 to 30% by 2024, particularly in strategic domains including
artificial intelligence, robotics, and sustainable technologies. Japan’s achievement of global leadership
in hydrogen technology patents, capturing 40% of international filings by 2024, along with consistent
top-tier rankings in artificial intelligence and internet-of-things innovations, substantiates the efficacy
of its mission-oriented policy approach. These outcomes align with Mazzucato’s conceptual framework
of entrepreneurial state intervention, particularly in demonstrating how targeted public support can
catalyze technological leadership in strategically important sectors.

Table 4. Main outcomes and challenges of Japan’s Integrated Innovation Strategies

Document Previous year outcomes Challenges
Integrated 1. Slow Tech Transfer: University patents often
Innovation remained unexploited;
Strategy 2017 B 2. Fragmented Governance: Multiple ministries
(METI, MEXT) overlapped on innovation policies.
Integrated 1. Corporate R&D investment rose 6% 1. Slow adoption of open data by traditional
Innovation YoY in Al/robotics; industries;
Strategy 2018 [2. Japan ranked 3rd globally in IoT patent |2. Regulatory bottlenecks in sandbox approvals.
filings (2018).
Integrated 1. Corporate R&D investment rose 8% 1. Slow adoption of open data by traditional
Innovation YoY in Al/robotics; industries;
Strategy 2019  [2. Japan ranked #1 in IoT patent filings 2. Regulatory bottlenecks in sandbox approvals.
globally (2019).
Integrated 1. 10% increase in corporate Al/healthtech |1. Slow SME digital adoption due to legacy systems;
Innovation R&D investment; 2. Bureaucratic delays in green-tech subsidies.
Strategy 2020 |2. Japan ranked #1 in fuel cell patents
(2020).
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Document Previous year outcomes Challenges

Integrated 1. 15% rise in corporate green-tech R&D  |1. Slow SME DX adoption due to legacy systems;
Innovation investment; 2. Talent shortages in Al/quantum fields.
Strategy 2021 |2. Japan ranked #2 in global Al patents

(2021).
Integrated 1. 20% increase in semiconductor/EV 1. Talent gaps in semiconductor engineering;
Innovation battery R&D investments; 2. Slow regulatory adaptation for emerging tech.
Strategy 2022  |2. Japan ranked #1 in hydrogen patents

(2022).
Integrated 1. 25% rise in corporate Al/green-tech 1. Regulatory lag in Al/commercial space tech;
Innovation R&D investment; 2. SME adoption gaps in DX/GX initiatives.
Strategy 2023 |2. Japan ranked #1 in hydrogen/ammonia

tech patents.
Integrated 1. 30% increase in corporate Al/quantum |1. Talent shortages in Al/quantum fields.
Innovation R&D spending. 2. Regulatory fragmentation in space tech.
Strategy 2024 [2. Japan leads in hydrogen patents (40%

global share).

Source: Cabiner Office

However, systematic evaluation reveals persistent implementation challenges that have constrained
overall policy effectiveness. Technology transfer mechanisms between academic institutions and industry
have remained inefficient, with university patent utilization rates consistently below 20% throughout the
evaluation period. Regulatory processes have created significant bottlenecks, particularly in the approval
of experimental technologies through sandbox mechanisms, where average processing times of 18-24
months have substantially delayed market entry for emerging innovations. These systemic barriers have
been particularly detrimental to advanced technology sectors such as artificial intelligence and space
technologies, where rapid technological evolution has outpaced regulatory adaptation.

The differential impact of innovation policies across firm size categories presents another
significant challenge to equitable knowledge economy development. While large corporations increased
research and development investment by nearly 30% in priority areas between 2021-2024, small and
medium enterprises demonstrated markedly lower adoption rates for digital and green technologies,
remaining below 25% penetration during the same period. This disparity highlights the limitations of
generic fiscal incentives in addressing structural barriers that hinder innovation adoption among smaller
tirms, including constrained organizational capabilities and limited absorptive capacity. The persistent
digital divide among small and medium enterprises underscores the need for more tailored policy
interventions that account for the heterogeneous needs of different firm categories.

Human capital development emerges as perhaps the most critical constraint on Japan’s innovation
system performance. Despite achieving global leadership positions in advanced technology domains
including artificial intelligence and quantum computing, chronic shortages of skilled professionals have
substantially limited growth potential. The projected deficit of 50,000 artificial intelligence specialists
by 2025 exemplifies the fundamental misalignment between technological advancement and workforce
development trajectories. The persistence of this skills gap across multiple policy cycles suggests that
conventional education and training reforms have been insufficient to address deep-seated structural
issues in labor market functioning and skills formation systems. This human capital constraint represents
a critical bottleneck that threatens to undermine the long-term sustainability of Japan’s innovation
leadership unless addressed through more comprehensive workforce development strategies.

126



F.]. Brambila Martinez, D. E. Gribkova. The Role of Knowledge Demand in Innovation Systems...

CONCLUSIONS

Japan’s innovation trajectory provides compelling evidence that sustained technological
advancement necessitates a symbiotic relationship between state-directed knowledge demand and private
sector market responsiveness. The institutionalization of the Council for Science and Technology Policy
and implementation of Integrated Innovation Strategies have created a framework for dynamically
aligning national priorities such as economic security and Society 5.0 objectives with corporate research
and development incentives including tax deductions and intellectual property protections. However,
this coordination has not been frictionless, with tensions frequently emerging between long-term state
objectives like semiconductor sovereignty and industry’s short-term profitability requirements. The
resolution of these tensions through adaptive policy mechanisms such as regulatory sandboxes and tiered
intellectual property tax regimes highlights the critical importance of flexible governance structures in
mediating state-market knowledge demand interactions. This case study strongly suggests that innovation
systems achieve optimal performance when public and private actors engage in continuous, iterative
negotiation rather than operating under either rigid top-down directives or purely laissez-faire market
models.

The Japanese experience demonstrates that knowledge demand represents a dynamic rather
than static phenomenon, evolving in response to shifting national imperatives. During the post-war
reconstruction period, state knowledge demand primarily focused on industrial catch-up through applied
research and development in energy and manufacturing sectors, while private sector priorities centered
on export-led growth strategies in industries such as electronics and automotive manufacturing. The
2010s witnessed a significant policy transition toward addressing mission-oriented challenges including
demographic aging and climate change, subsequently evolving toward concerns of geopolitical resilience in
semiconductor supply chains and artificial intelligence governance. This transition became institutionalized
through the parallel implementation of five-year Basic Plans and annual Integrated Innovation Strategies,
which progressively incorporated private sector expertise into national research and development agendas.
The COVID-19 pandemic served as an accelerant for this evolutionary process, driving state knowledge
demand toward crisis-responsive initiatives in digital health research while simultaneously encouraging
more strategic private sector investment in deep technology development. These findings underscore the
necessity for innovation systems to maintain continuous recalibration mechanisms that align knowledge
demand with both domestic socioeconomic requirements and global competitive pressures.

While Japan’s innovation policies have achieved notable success in stimulating research and
development investment, their overall effectiveness has been constrained by persistent structural
inefficiencies. Regulatory bottlenecks, particularly in the approval processes for emerging technology
sandboxes, have significantly delayed commercialization timelines. Policy impacts have been asymmetrically
distributed, for instance large corporations benefiting disproportionately compared to small and medium
enterprises amid complex requirements beyond their capabilities, perhaps most critically, however, a chronic
human capital shortage has fundamentally constrained innovation scalability. These limitations collectively
demonstrate that knowledge demand mechanisms alone prove insufficient without complementary
reforms addressing regulatory agility, small and medium enterprise inclusion, and skills development
systems. Japan’s experience consequently highlights the imperative for holistic innovation ecosystems
that simultaneously address funding coordination and systemic implementation barriers.

Japan’s innovation system faces significant technology commercialization challenges stemming
from protracted regulatory approval processes, particularly in emerging sectors such as artificial intelligence
and advanced materials. Addressing these bottlenecks requires implementation of dynamic regulatory
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frameworks emphasizing iterative adaptation over rigid ex ante controls. Introducing sunset clauses for
experimental regulations would ensure temporary measures either expire or renew based on empirical
performance metrics, thereby reducing bureaucratic stagnation. Decentralizing compliance certification
by delegating approval authority to accredited industry consortia or academic institutions could accelerate
time-to-market for priority technologies while maintaining rigorous oversight standards. Integrating
artificial intelligence-driven monitoring systems would enable continuous real-time calibration of
regulatory thresholds based on policy impact assessments, however legislative amendments to Japan’s
Basic Science and Technology Law, mandating periodic reviews of regulatory efficacy by the Council for
Science and Technology Policy is required.

The persistent under participation of small and medium enterprises in Japan’s innovation
ecosystem, demands comprehensive recalibration of support mechanisms extending beyond conventional
tiscal incentives. Expanding sector-specific innovation vouchers could subsidize small and medium
enterprise access to critical research and development infrastructure including high-performance
computing clusters and prototyping laboratories, with funding tiers weighted toward priority domains
such as renewable energy and advanced manufacturing. Establishing regional digital transformation
hubs could provide localized technical assistance, bridging the absorptive capacity gap between small
and medium enterprises and larger corporations. Implementing graduated research and development
tax credits, offering differential rates for independent small and medium enterprise projects and for
public-private collaborations, would incentivize knowledge spillovers while discouraging free-riding
behavior. Ensuring accountability would require METT to condition funding on mandatory participation
in competency assessments, with underperforming firms redirected to hub-based upskilling programs.

Japan’s chronic shortages in high-skilled STEM labor, arise from fundamental misalignments
between educational outputs and industry requirements. Addressing this challenge requires implementation
of a multipronged human capital development strategy. The establishment of a national upskilling fund,
financed through payroll levies on large technology firms matched by government contributions, could
subsidize wages for employees undergoing reskilling in critical fields with preferential eligibility for non-
STEM mid-career workers. Complementary immigration policy liberalization for specialized technology
talent, including fast-track residency pathways for graduates of Japan’s leading universities, would help
alleviate immediate workforce shortages. However, an effective implementation would necessitate
coordinated action by MEXT to revise engineering program accreditation standards and Justice Ministry
reforms to streamline visa processing for qualified applicants.
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