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THEORETICAL MODELS AND INSTITUTIONAL
MECHANISMS, FORMS AND STRUCTURES OF
COOPERATION BETWEEN EDUCATION AND

MANUFACTURE

Navruzova Gulrukh Uktamovna

TA’LIM VA ISHLAB CHIQARISH O‘RTASIDAGI
HAMKORLIKNING NAZARIY MODELLARI,
INSTITUTSIONAL MEXANIZMLARI, SHAKLLARI VA
TUZILMALARI

Navruzova Gulrux O ktamovna

TEOPETHYECKHWE MO/JIEJIA,
NHCTUTYHUUOHAJIBHBIE MEXAHU3MbI, ®OPMbI 1
CTPYKTYPbI COTPYJHUYECTBA MEXAY
OBPA3OBAHUMEM U ITPOU3BOACTBOM

Haspyzosa I'yapyx Ykmamoena
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Abstract: The integration of higher education and production constitutes one of the central problems of
contemporary education economics, innovation studies, and science-and-technology policy. This article reviews and
systematizes the principal approaches developed by leading international scholars to the forms and structures through
which universities and the productive sector are linked. Four comparative tables classify the dominant theoretical
models, the principal forms of integration, the intermediary structures that sustain them, and the major national models
of the United States, Germany, Japan, the Nordic countries, and the East Asian developmental states. The analysis
shows that no single model is universally superior; rather, effective integration depends on the alignment between the
chosen form, the governing structure, and the surrounding institutional context.

Keywords: higher education; industry; university-industry collaboration; Triple Helix; national innovation
systems; entrepreneurial university; technology transfer; dual education.

AHHOTalIl/Iﬂ: I/IHTerpam/m BBICHICT'O 06p2130BaHI/IH U TPOU3BOJACTBA SBJISICTCA OHHOﬁ 13 HEHTPAJbHBIX
Mpo0JIeM COBPEMEHHOW IKOHOMHUKH OOpa30BaHWMsI, MUCCICTOBAHWA WHHOBAIMHA M TMOJUTUKA B OOJIACTH HAyKU H
TeXHUKH. B JaHHOW cTaThe paccMAaTPUBAIOTCS W CHCTEMATHU3UPYIOTCS OCHOBHBIE MOJXOJBI, pa3pabdoTaHHBIE
BEIYIIMMU MEXIYHApOAHBIMH YYEHBIMH, K (opMaM ¥ CTPYKTypaM, IOCPEACTBOM KOTOPHIX YHHUBEPCHUTETHI U
MIPOU3BOJICTBEHHBIA CEKTOP CBSI3aHBI MEXAy co0oil. YeTslpe CpaBHUTENbHBIE TaOIHIBI KIACCHPHUIHPYIOT
JOMUHHPYIOIIIE TEOPETHIECKNE MOIETH, OCHOBHBIE ()OPMBI HHTETPAILINH, TOCPETHUUECKNE CTPYKTYPHI, KOTOPBIE UX
TIO/IJIEP’KUBAIOT, WU OCHOBHBIE HaroHaibHble Mojaenu CIIIA, Tepmanuu, SmoHWM, CKaHIWHABCKUX CTpaH H
BOCTOYHOA3UATCKUX PA3BUBAIOIINXCA TOCyHdapCTB. Amnanus IIOKa3bIBACT, 4YTO HHU OJHA MOJCIb HC ABJIACTCA
YHUBCEPCAJIBbHO HpeBOCXOILHOfI; CKopee, 3(1)(1)6KTI/IBHa$I HUHTETpanus 3aBUCUT OT COITIAaCOBAHHOCTU MCKAY BBIﬁpaHHOﬁ
(hopMOii, CTPYKTYpOH YIIPABICHUS ¥ OKPYKAIOUIIM HHCTHTYIIMOHATBHBIM KOHTEKCTOM.

KiroueBble cJjoBa: BrICIICE 06pa30BaHI/Ie; NPOMBINIJICHHOCTh; COTPYAHUYECTBO YHUBCPCUTETA U
Mmpou3BOACTBA, MOJCIb TpOﬁHOﬁ CIIUpain; HAIIMOHAJIbHBIE HWHHOBALMOHHBIC CHCTEMBI; HpCIIHpI/IHI/IMaTeJ'II)CKI/Iﬁ
YHUBEPCHTET; TpaHCc(ep TEXHOJIOTHil; TyarbHOe 00pa3oBaHHe.

Annotatsiya: Oliy ta'lim va ishlab chigarishning integratsiyasi zamonaviy ta'lim igtisodiyoti, innovatsion
tadgiqotlar va fan-texnika siyosatining markaziy muammolaridan birini tashkil etadi. Ushbu magolada nufuzli xalgaro
olimlar tomonidan universitetlar va ishlab chigarish sektori bog‘langan shakl va tuzilmalarga oid asosiy yondashuvlar
ko‘rib chigiladi va tizimlashtiriladi. To'rtta giyosiy jadvalda dominant nazariy modellar, integratsiyaning asosiy
shakllari, ularni go'llab-quvvatlovchi vositachi tuzilmalar hamda AQSh, Germaniya, Yaponiya, Shimoliy va Shargiy
https://ojs.kstu.uz/index.php/ej Qarshi davlat texnika universiteti
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Osiyo rivojlanish davlatlarining asosiy milliy modellari tasniflanadi. Tahlil shuni ko'rsatadiki, hech bir model
universal darajada ustun emas; aksincha, samarali integratsiya tanlangan shakl, boshqgaruv tuzilmasi va uning
atrofidagi institutsional kontekst o'rtasidagi uyg'unlikka bog'lig.

Kalit so‘zlar: oliy ta’lim; sanoat; universitet va ishlab chiqarish hamkorligi; Uch spiral modeli; milliy
innovatsion tizimlar; tadbirkorlik universiteti; texnologiyalar transferi; dual ta’lim.

INTRODUCTION

The relationship between higher education and the
productive sector has moved, over the past half-century,
from the periphery to the centre of policy and academic
debate. Whereas the classical Humboldtian university
was conceived primarily as a site for the disinterested
pursuit of knowledge and the cultivation of the
individual, the contemporary university is increasingly
expected to contribute directly to economic
competitiveness, regional development, and
technological renewal. This expectation is captured by
the notion of the “third mission” of higher education,
which complements the traditional missions of teaching
and research with an explicit commitment to engagement
with industry and society.

The reasons for this shift are well documented in
the literature. The acceleration of technological change
has shortened the distance between scientific discovery
and commercial application, making the boundary
between “basic” and “applied” research increasingly
porous. At the same time, the rise of the knowledge
economy has made human capital and innovative
capacity the principal sources of competitive advantage,
placing universities at the heart of value creation.
Governments, facing fiscal constraints and rising
expectations, have come to view universities as
instruments of innovation policy and have introduced
funding mechanisms, legal reforms, and incentive
structures designed to strengthen the links between
academia and industry.

In response, scholars from several disciplines—
economics of innovation, sociology of science,
organizational theory, and higher-education studies—
have proposed a rich variety of conceptual frameworks to
describe and explain how universities and firms
cooperate. These frameworks differ in their unit of
analysis, their causal emphasis, and their normative
implications, yet they share a common concern: how to
design the forms and structures of integration so that
knowledge flows productively between the educational
and the productive spheres without compromising the
distinctive functions of each.

This article pursues three objectives. First, it
reviews and compares the principal theoretical
approaches that international scholars have advanced to
conceptualize higher-education-production integration.
Second, it constructs a typology of the concrete forms
that such integration takes and of the organizational
structures that govern them. Third, it situates these forms
and structures within the major national models, drawing
comparative lessons. The argument is organized around
the claim that forms and structures are analytically
separable: the same functional form (for example,
collaborative research) can be embedded in very different
structures (a bilateral contract, a consortium, or an open
platform), and the choice among these structures has

significant consequences for the durability and scope of
the linkage.

The scholarly literature on the integration of
higher education and production is organized around a
small number of influential paradigms. Although they
overlap and have cross-fertilized one another, each
emphasizes a distinct logic of interaction. This section
reviews the six approaches that have exerted the greatest
influence on both research and policy.

The national innovation systems (NIS) tradition,
associated with Christopher Freeman, Bengt-Ake
Lundvall, and Richard Nelson, frames the university as
one node in a wider system of institutions whose
interactions  determine a  country's  innovative
performance. In this view, integration with production is
not an isolated transaction between a single university
and a single firm but a systemic property emerging from
the density and quality of the linkages among
universities, firms, public research organizations,
financial institutions, and government agencies. The NIS
approach directs attention to the institutional and
regulatory environment—intellectual-property regimes,
labour-market institutions, education and training
systems—that conditions the propensity of actors to
cooperate.

The Triple Helix Model

The Triple Helix model, developed by Henry
Etzkowitz and Loet Leydesdorff, has arguably been the
most influential framework in the field. It conceives
innovation as the product of evolving, overlapping
relations among three institutional spheres—university,
industry, and government—each of which increasingly
takes on the role of the others. Universities engage in
entrepreneurial activity, firms undertake training and
research traditionally associated with academia, and
governments act as venture capitalists. The model's
central insight is that sustained innovation arises in the
“overlap” zones where the three spheres interpenetrate,
generating hybrid organizations such as technology-
transfer offices, incubators, and joint research centres.
The Triple Helix thus shifts the analytical focus from the
individual institution to the relations among institutions.

Mode 2 Knowledge Production

Michael Gibbons and colleagues distinguished a
new mode of knowledge production, “Mode 2,” from the
traditional disciplinary, university-based “Mode 1.”
Mode 2 knowledge is produced in the context of
application, is transdisciplinary, is generated in
heterogeneous and transient configurations of actors, and
is subject to broader social accountability. The thesis
implies that the boundaries of the university are
becoming permeable and that significant knowledge
production now occurs in distributed networks that
include  firms, government laboratories, and
consultancies. For the question of integration, Mode 2
suggests that the relevant unit is the temporary, problem-
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focused collaboration rather
institution.

The Entrepreneurial University

Burton  Clark's  comparative  study  of
“entrepreneurial” universities and Etzkowitz's parallel
work identified an institutional transformation by which
universities develop a strengthened steering core, an
expanded developmental periphery of boundary-
spanning units, a diversified funding base, a stimulated
academic heartland, and an integrated entrepreneurial
culture. The entrepreneurial university actively seeks to
capitalize on its knowledge through patenting, licensing,
and the creation of spin-off firms. This approach locates
the engine of integration inside the university itself, in its
governance, incentives, and capacity to act as a strategic
organization.

than the permanent

Innovatsion igtisodiyot / MunoBanuonsas sxonoMuka / Innovative economy.

Open Innovation

Henry Chesbrough's open-innovation paradigm
shifts the analytical lens to the firm. It argues that firms
can and should use external ideas as readily as internal
ones, and external as well as internal paths to market, as
they seek to advance their technology. Universities
become essential sources of external knowledge in
inbound open innovation, and recipients of underused
corporate knowledge in outbound open innovation. The
paradigm reframes university-industry integration as a
deliberate strategy of managing knowledge flows across
organizational boundaries, mediated by intermediaries,
intellectual-property  markets, and  collaborative
platforms.

Table 1.

Principal theoretical approaches to the integration of higher education and production

Freeman;

National ' The  national  system  of
. Lundvall; L A
Innovation Systems institutions and their linkages
Nelson
. . Etzkowitz; Overlapping relations among
T IS Leydesdorff university, industry, government
Mode 2_Know|edge Gibbons et al. Transient, - application-oriented,
Production transdisciplinary networks
Entrepreneurial Clark; Internal governance and
University Etzkowitz capabilities of the university
The firm's management of
Open Innovation Chesbrough inbound and outbound
knowledge flows
Quadruple [ Carayannis; University-industry-government
Quintuple Helix Campbell plus society and environment

Integration is a systemic property

shaped by the institutional
environment
Innovation emerges in hybrid

organizations at the spheres' overlap

The  collaboration, not the
institution, is the relevant unit

Integration is driven by the
university's strategic transformation

Universities are deliberate sources
and recipients of knowledge

Integration must serve social and
ecological as well as economic
goals

Note. The six approaches are complementary
rather than mutually exclusive. They differ chiefly in
their unit of analysis: the NIS and helix models adopt a
systemic perspective, the entrepreneurial-university
approach is institution-centred, the open-innovation

Atz Representative forms

category

Internships;  cooperative  and

Educational / human

capital sponsored scholarships

Research /

knowledge transfer
consultancy

Spin-offs and start-ups;

commercialization;  university

funds; student entrepreneurship

Entrepreneurial

Infrastructural /

proximity endowed chairs

A functional typology of the forms of higher-education-production integration

Contract research; collaborative R&D; joint
laboratories; patent licensing; academic

patenting and
venture

Science and technology parks; incubators
and accelerators; clusters; shared facilities;

paradigm is firm-centred, and the Mode 2 thesis is

collaboration-centred. Together they provide the
conceptual vocabulary used in the subsequent
classification of forms and structures

Table 2.

Primary flow Theoretical home

dual
education; joint curricula; industrial PhDs;

People and tacit

skills Human-capital theory; NIS

Codified and tacit = Triple Helix; Open Innovation;

knowledge Mode 2
New ventures and Entrepreneurial university
capital

Co-location and

Regional innovation; clusters
resources
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Note. The categories are ordered by the principal
object of exchange. In practice a single arrangement
frequently combines several forms—for example, a
science park (infrastructural) typically hosts joint
laboratories  (research) and incubates spin-offs
(entrepreneurial) while offering placements to students
(educational). The “theoretical home” column indicates
the framework from Table 1 that most directly
illuminates each category.

Whereas the previous section classified
integration by its functional form, this section classifies
it by the organizational structure that governs the
relationship. The same form—say, collaborative
research—may be organized very differently, and the
structure determines the durability, the scale, and the
governance of the linkage. Three principal structures can
be distinguished, increasing in their degree of openness
and the number of participants.

Bilateral structures link a single university (or
department or laboratory) with a single firm through a
direct relationship governed by a contract or
memorandum. Contract research, consultancy, sponsored
chairs, and licensing agreements typically take this form.
Bilateral structures offer clarity of ownership and
confidentiality but are limited in scope and vulnerable to
the loss of a single partner.

Network structures connect several universities
and several firms, often together with public agencies, in
a more or less durable consortium. Competence centres,
cooperative research centres, public-private research
programmes, and industry-association partnerships
exemplify this structure. Networks distribute risk and
cost, assemble complementary capabilities, and create
the hybrid “overlap” organizations central to the Triple
Helix; their challenge is the governance of shared
intellectual property and the alignment of heterogeneous
partners.

4.3. Platform and ecosystem structures

Platform structures organize integration around a
shared infrastructure or set of rules that many actors can
join with relatively low barriers to entry. Science and
technology parks, open-innovation platforms, regional
clusters, and innovation ecosystems exemplify this
structure. Platforms maximize the diversity of
participants and the potential for unanticipated
combinations, consistent with the open-innovation and
Quadruple Helix perspectives, but require an
intermediary or orchestrator to maintain the common
rules and to sustain trust among participants.

Across all three structures, intermediary or
boundary-spanning organizations play a decisive role.
Technology-transfer offices, knowledge-transfer
partnerships, contract-research organizations, cluster-
management bodies, and incubator managers translate
between the differing languages, time-horizons, and
incentive systems of academia and industry. The
literature consistently identifies the capacity and
professionalism of these intermediaries as a critical
determinant of successful integration.

The forms and structures described above are
combined in distinctive ways in different national
contexts, reflecting variations in institutional history, the
structure of the economy, and the role of the state.

Innovatsion igtisodiyot / MunoBanuonsas sxonoMuka / Innovative economy.
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Comparative  scholarship has identified several
archetypal models, each associated with a characteristic
balance of forms and structures.

The United States exemplifies a market-oriented
model in which strong, autonomous, and well-resourced
research universities interact with a dynamic venture-
capital market. The 1980 Bayh-Dole Act, by allowing
universities to retain title to inventions made with federal
funding, catalysed the growth of technology-transfer
offices and academic patenting. Iconic regional
ecosystems such as Silicon Valley around Stanford
University and the Route 128 corridor around the
Massachusetts Institute of Technology illustrate the
platform structure and the entrepreneurial forms in their
most developed expression.

Germany combines a celebrated dual vocational
and dual study system—strong educational forms
embedded in bilateral firm-school relationships—with a
powerful applied-research infrastructure. The Fraunhofer
Society operates a network of institutes that conduct
contract and collaborative research for industry,
functioning as a national-scale intermediary. The model
is distinguished by close coordination among employers'
associations, chambers of commerce, and universities of
applied sciences.

Japan and the East Asian developmental states
(notably South Korea, Taiwan, and Singapore) display a
coordinated model in which government plays a strong
steering role. Historically characterized by strong in-
house corporate research and comparatively weaker
formal university-industry links, Japan reformed its
system from the late 1990s to encourage academic
patenting and collaboration. The developmental-state
economies have used public funding, science parks, and
targeted programmes to build university-industry
linkages rapidly as part of catch-up industrialization.

The Nordic countries combine strong public
funding of universities with dense, trust-based
collaboration among the state, employers, and labour.
Competence centres jointly funded by government,
universities, and firms are a characteristic network
structure. The so-called “professor's privilege,” under
which academic inventors rather than universities held
title to their inventions, distinguished the region
historically, although several countries have since moved
toward institutional ownership.

CONCLUSION

This article has reviewed the principal approaches
of international scholars to the forms and structures of
integration between higher education and production. It
has shown that the field is organized around six
influential theoretical frameworks—national innovation
systems, the Triple Helix, Mode 2 knowledge production,
the entrepreneurial university, open innovation, and the
Quadruple and Quintuple Helix—which together supply
a multi-level conceptual vocabulary. Building on these
frameworks, the article proposed a typology that
distinguishes the functional forms of integration
(educational, research-related, entrepreneurial, and
infrastructural) from the organizational structures that
govern them (bilateral, network, and platform), and it
located both within the major national models.
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The central conclusion is that the design of
effective integration is a problem of alignment. Effective
integration requires consistency among the chosen form,
the governing structure, the capacity of intermediary
organizations, the incentives facing academic actors, and
the surrounding institutional context. Because these
elements are configured differently across countries, the
international experience offers not a single template to be
copied but a repertoire of options to be combined
judiciously in light of national conditions. For
policymakers and university leaders, the practical
implication is to begin from a clear strategic objective, to
select the form and structure that fit that objective, and to
invest in the intermediary capacity and incentive
alignment that allow the chosen arrangement to endure.
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