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Abstract

This study employs a mixed-methods approach integrating literature analysis,
field investigation, and comparative research to systematically explore the
practical basis of collaborative innovation, including key universities, innova-
tion carriers, and local characteristic industries in Tai’an. It focuses on identi-
fying prominent bottlenecks: structural mismatch between technological sup-
ply and demand, lack of pilot-scale incubation links, blocked university-enter-
prise information transmission, insufficient resource integration efficiency in
parks, and imperfect collaborative governance mechanisms. The research aims
to establish a closed-loop chain of “basic research-technology development-
pilot test-industrial application” and provide theoretical references and practi-
cal paradigms for resource-based cities to transform sci-educational ad-
vantages into industrial competitiveness.
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1. Introduction

China’s economic and social development has entered a high-quality development
stage with innovation as the core driving force. Promoting the in-depth integra-

tion of the innovation chain, industrial chain, capital chain, and talent chain has
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become a key measure to build a modern industrial system. As an important or-
ganizational form connecting knowledge production and industrial application,
industry-university-research collaborative innovation integrates the resource en-
dowments of multiple entities such as universities, research institutes, enterprises,
parks, governments, and intermediary service organizations to realize the cross-
border flow and efficient allocation of innovation factors, which plays an irre-
placeable role in enhancing regional innovation capabilities and promoting in-
dustrial transformation and upgrading.

As a typical resource-based city, Tai’an has long been restricted by problems
such as a high proportion of traditional industries, insufficient support from
emerging industries, and weak accumulation of innovation momentum for sus-
tainable economic development. The city is home to universities including Shan-
dong Agricultural University, Taishan University, Shandong First Medical Uni-
versity, and Tai’an Campus of Shandong University of Science and Technology,
forming a scientific and educational resource foundation covering agricultural
science, mechanical engineering, materials and chemical engineering, biomedi-
cine, electronic information, and other fields. Meanwhile, innovation carriers
such as the national-level Tai’an High-tech Industrial Development Zone,
Taishan Innovation Valley, and Taishan Economic Development Zone have been
laid out, initially forming a spatial framework of “university agglomeration-park
carrying-industrial landing”. However, for a long time, there has been a significant
deviation between the research orientation of universities and the market demand
of industries; park carriers have single functions and insufficient professional ser-
vice supply; and there is a lack of stable and effective collaborative channels and
institutional guarantees among multiple entities. A large number of scientific and
technological achievements remain in the laboratory stage and are difficult to
transform into real productive forces, so the advantages of scientific and educa-
tional resources have not been effectively transformed into regional competitive
advantages. In this context, systematically constructing a “Universities in Tai’an
+ Parks + Industries” collaborative innovation ecosystem to break through col-
laborative bottlenecks, smooth transformation channels, and improve innovation
efficiency is not only an inevitable choice for Tai’an to implement the innovation-
driven development strategy but also a practical need to promote the transfor-
mation of resource-based cities and realize the replacement of old growth drivers
with new ones.

A “collaborative innovation ecosystem” refers to a complex adaptive system
composed of multiple interactive entities (universities, industrial parks, industrial
enterprises, government departments, and intermediary service organizations),
innovation factors (talent, technology, capital, information, data), and external
environments (policies, services, culture). In the context of “Universities in Tai’an
+ Parks + Industries”, this ecosystem takes Tai’an’s universities as the knowledge
and technology supply core, industrial parks as the achievement transformation

and resource integration carrier, and characteristic industries as the market appli-
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cation and value realization terminal. It relies on the symbiotic interaction and
resource complementarity among entities to realize the efficient flow and optimal
allocation of innovation factors, and ultimately form a closed-loop operation
mechanism covering “basic research-technology development-pilot test-indus-
trial application”.

Theoretical Significance: Taking resource-based cities as a specific field, this
study focuses on the interaction logic and collaborative mechanism of the three
entities: “University-Park-Industry”. It integrates key links such as pilot-scale in-
cubation, factor matching, financial empowerment, and talent mobility into a uni-
fied analytical framework, enriches the theoretical connotation of industry-uni-
versity-research collaborative innovation ecosystems in small and medium-sized
cities, and provides a new perspective and analytical tool for similar regional in-
novation system research.

Practical Significance: Based on the local innovation foundation and practical
bottlenecks of Tai’an, this study proposes implementable, replicable, and general-
izable collaborative innovation paths, which help improve the transformation ef-
ficiency of scientific and technological achievements of universities in Tai’an,
strengthen the supporting function of park carriers, enhance the technological in-
novation capability of enterprises, and promote the high-end, intelligent, and
green transformation of Tai’an’s characteristic industries. It provides a practical
reference for resource-based cities across the country to activate scientific and ed-
ucational resources and solve transformation dilemmas.

This study follows the logical main line of “theoretical foundation-current sit-
uation diagnosis-mechanism design-path construction”. At the theoretical level,
it systematically sorts out core theories such as the Triple Helix Theory, it refers
to a theory that emphasizes the interactive, infiltrative, and spiral development
relationship among three types of entities: universities, industry, and government.
These three entities form a collaborative innovation network through functional
crossover and organizational integration. Innovation Ecosystem Theory, and Re-
source Dependence Theory, and defines the connotation, characteristics, and
components of the collaborative innovation ecosystem. At the empirical level,
through field investigations, interviews, and data sorting, it comprehensively
grasps the development status of collaborative innovation among universities,
parks, and industries in Tai’an, and accurately identifies key bottlenecks restrict-
ing collaborative efficiency. At the countermeasure level, drawing on the experi-
ence of advanced regions in China and combining with Tai’an’s local policy prac-
tices, it designs an integrated collaborative operation mechanism and proposes a
systematic ecosystem construction path.

The main research methods include: literature research method, sorting out re-
search results in the fields of industry-university-research collaborative innova-
tion, innovation ecosystems, and resource-based city transformation at home and
abroad to lay a theoretical foundation; field investigation method, conducting in-

vestigations in scientific research management departments of universities in
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Tai’an, Tai’an High-tech Zone, Taishan Innovation Valley, and key enterprises to
obtain first-hand data and practical information; comparative research method,
benchmarking typical cases such as Taixing Industrial College of Nanjing Tech
University and the university-surrounding innovation ecosystem in Hongshan
District of Wuhan to extract transferable experience; systematic analysis method,
regarding universities, parks, and industries as an organic whole interacting with
each other, analyzing the collaborative mechanism, designing collaborative mech-

anisms, and constructing the ecosystem from a systematic perspective.

2. Methods

To ensure the scientificity, authenticity, and comprehensiveness of the empirical
research, this study adopts an integrated analytical approach integrating literature
analysis, field investigation, and comparative research, with field investigation as
the core empirical support. The specific, scope, and implementation details are
clarified as follows to make the empirical basis of the bottleneck diagnosis and
path construction traceable and assessable. It should be emphasized that this study
does not adopt a formal mixed-methods design; instead, it adopts an “integrated
sequential analytical approach” that takes field investigation as the core, uses lit-
erature analysis to provide theoretical guidance, and relies on comparative re-
search to optimize research conclusions, forming a coherent and complementary

analytical process.

2.1. Integration of Literature Analysis, Field Investigation, and
Comparative Research into One Analytical Process

The three research methods are not applied independently but are integrated into
a coherent analytical process following the logical sequence of “theoretical guid-
ance > empirical verification > experience reference”, forming a closed loop that
complements and supports each other, which is the core of the integrated sequen-
tial analytical approach adopted in this study. The specific integration process is
as follows:

First, literature analysis lays the theoretical and practical foundation for the en-
tire research and guides the direction of empirical investigation. Before carrying
out field investigation and comparative research, this study systematically sorts
out domestic and foreign literature on industry-university-research collaborative
innovation, innovation ecosystems, and resource-based city transformation. On
the one hand, it combs core theories such as the Triple Helix Theory, Innovation
Ecosystem Theory, and Resource Dependence Theory, defines the connotation
and component elements of the “Universities in Tai’an + Parks + Industries” col-
laborative innovation ecosystem, and establishes the theoretical framework of the
study. On the other hand, it summarizes existing research achievements, identifies
research gaps (such as the lack of systematic research on tripartite collaborative
innovation in resource-based cities), clarifies the research focus and direction, and

provides a theoretical basis for the design of field investigation plans (such as de-
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termining the scope of investigation, the design of interview outlines, and the se-
lection criteria of typical cases) and the selection of comparative cases. In this link,
literature analysis plays a “guiding role” to avoid blindness in empirical research.

Second, field investigation provides first-hand empirical data to verify and sup-
plement the theoretical framework, which is the core link of the entire analytical
process. Based on the theoretical guidance of literature analysis, this study carries
out targeted field investigations in Tai’an, covering key universities, core indus-
trial parks, and characteristic industrial enterprises. Through semi-structured in-
terviews, questionnaire surveys, and on-site observations, it collects first-hand
data on the current situation of collaborative innovation, existing bottlenecks, and
practical needs. These empirical data are used to test the rationality of the theo-
retical assumptions put forward based on literature analysis, identify the specific
manifestations of collaborative innovation bottlenecks in Tai’an (such as the mis-
match between achievement supply and demand, the lack of pilot links), and sup-
plement the existing literature with practical problems found in the investigation,
enriching the research on regional collaborative innovation. In this link, field in-
vestigation plays a “verification and supplement role”, making the research con-
clusions grounded in reality.

Third, comparative research provides reference experience to optimize the re-
search conclusions and construction paths, and plays a “perfecting role” in the
analytical process. On the basis of literature analysis (which sorts out the experi-
ence of advanced regions) and field investigation (which grasps the actual situa-
tion of Tai’an), this study selects typical cases with reference value (such as the
university-surrounding innovation ecosystem in Hongshan District of Wuhan,
the industry-university-research collaborative innovation pilot in Changchun,
and Taixing Industrial College of Nanjing Tech University) for comparative anal-
ysis. By comparing the differences between Tai’an and advanced regions in terms
of collaborative innovation models, platform construction, policy support, and
talent mechanisms, it extracts mature experience and practices that are applicable
to Tai’an’s reality. These experiences are integrated into the design of Tai’an’s col-
laborative innovation mechanism and construction path, avoiding the “localiza-
tion bias” caused by only relying on field investigation, and improving the opera-
bility and promotion value of the research conclusions.

In summary, the three methods form a coherent analytical process: literature
analysis provides theoretical guidance and research direction, field investigation
provides empirical verification and realistic basis, and comparative research pro-
vides experience reference and optimization ideas. The three are closely linked,
complement each other, and jointly support the completion of the research objec-

tives, ensuring the scientificity and practicality of the study.

2.2. Fieldwork Scope

The field investigation covers three core entities of the “Universities in Tai’an +

Parks + Industries” collaborative innovation ecosystem, with a focus on Tai’an’s
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main urban area and key industrial agglomeration areas. Specifically, the scope
includes: 1) Key universities in Tai’an: Shandong Agricultural University, Taishan
University, Shandong First Medical University, and Tai’an Campus of Shandong
University of Science and Technology, focusing on their scientific research man-
agement departments, key laboratories, and research teams engaged in applied
technology research; 2) Core industrial parks: Tai’an High-tech Industrial Devel-
opment Zone, Taishan Innovation Valley, and Taishan Economic Development
Zone, covering their management committees, innovation service centers, and
settled enterprises; 3) Characteristic industrial enterprises: Key enterprises in
Tai’an’s advantageous industries such as modern agriculture, high-end equip-
ment, biomedicine, new materials, and digital economy, including high-tech en-
terprises, specialized and sophisticated enterprises, and leading enterprises in in-
dustrial chains. The investigation covers 4 districts and 2 counties in Tai’an, en-

suring the representativeness of regional and industrial coverage.

2.3. Participating Organizations and Cooperation Entities

The field investigation was carried out in cooperation with relevant government
departments, universities, parks, and enterprises to ensure the comprehensiveness
of data collection. The participating organizations include: 1) Government de-
partments: Tai’an Municipal Bureau of Science and Technology, Tai’an Municipal
Bureau of Industry and Information Technology, Tai’an Municipal Bureau of Ed-
ucation, and Tai’an Municipal Bureau of Statistics, responsible for providing
macro policy documents, statistical data, and industry development reports; 2)
Universities: Scientific Research Office, Industry-University Cooperation Office,
and key discipline laboratories of the four aforementioned universities, responsi-
ble for providing information on scientific and technological achievements, re-
search teams, and university-enterprise cooperation projects; 3) Industrial parks:
Management committees and innovation service centers of Tai’an High-tech In-
dustrial Development Zone, Taishan Innovation Valley, etc., responsible for
providing park operation data, enterprise settlement information, and achieve-
ment transformation cases; 4) Enterprises: 56 key industrial enterprises selected
through stratified sampling, covering different scales (large, medium, and small)
and industrial fields, responsible for providing technical demand information, co-

operation experience, and bottleneck feedback.

2.4. Interview Sample Design

Semi-structured interviews were conducted to obtain in-depth first-hand infor-
mation, with a total of 89 interviewees selected through purposive sampling to
ensure the diversity and representativeness of the sample. The interview sample is
divided into five categories according to the identity of the interviewees: 1) Uni-
versity representatives (23 people): Deans of colleges, directors of scientific re-
search offices, and leading researchers of key projects, mainly responsible for in-

troducing the orientation of scientific research, achievements output, and diffi-
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culties in university-enterprise cooperation; 2) Park representatives (18 people):
Directors of park management committees, heads of innovation service centers,
and technical managers, mainly responsible for introducing park service func-
tions, resource integration capabilities, and achievement transformation support
measures; 3) Enterprise representatives (32 people): Enterprise leaders, research
design directors, and technical backbones, mainly responsible for reflecting enter-
prise technical needs, experience in cooperating with universities/parks, and bot-
tlenecks in achievement transformation; 4) Government representatives (10 peo-
ple): Staff from relevant departments in charge of science and technology, indus-
try, and education, mainly responsible for interpreting policies, introducing
macro management measures, and analyzing the overall situation of collaborative
innovation; 5) Intermediary service representatives (6 people): Technical manag-
ers, intellectual property agents, and financial service personnel, mainly responsi-
ble for introducing the role of intermediaries in collaborative innovation and ex-
isting service gaps. Each interview lasted 40 - 60 minutes, and the content was

recorded in real time and sorted out into text materials after the interview.

2.5. Data Sources

The data sources of this study include three categories: first-hand data, second-
hand data, and comparative data, to form a mutually verified data system. 1) First-
hand data: Obtained through field investigations, semi-structured interviews, and
on-site observations, including interview records, enterprise technical demand
questionnaires (120 valid questionnaires), university achievement statistics forms,
and park service logs; 2) Second-hand data: Collected from official documents,
statistical bulletins, and public reports, including Tai’an Municipal Bureau of Sta-

>«

tistics’ “Statistical Communiqué on National Economic and Social Development”
(2024-2025), Tai’an Municipal Bureau of Science and Technology’s “Work Report
on Science and Technology of the Whole City” (2024), policy documents such as
“Reply to Suggestions on Strengthening School-Enterprise Cooperation to Pro-
mote the Rapid Economic Development of Our City”, and annual reports of uni-
versities and parks; 3) Comparative data: Collected from the implementation plan
of Changchun’s industry-university-research collaborative innovation pilot, the
construction experience of Nanjing Tech University’s Taixing Industrial College,
and the university-surrounding innovation ecosystem in Wuhan’s Hongshan Dis-

trict, used for benchmarking analysis and experience extraction.

2.6. Case-Selection Criteria

In the field investigation, 12 typical cases were selected for in-depth analysis to
support the bottleneck diagnosis and mechanism design. The case-selection crite-
ria are as follows: 1) Representativeness: The cases cover different types of collab-
orative models (university-park cooperation, university-enterprise cooperation,
park-enterprise cooperation, and tripartite cooperation), different industrial

fields, and different cooperation scales, reflecting the overall characteristics of
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Tai’an’s collaborative innovation; 2) Typicality: The cases either have successful
experience in collaborative innovation (e.g., Tai’an High-tech Zone’s enterprise-
university-research innovation platform construction, Shandong Agricultural
University’s agricultural technology achievement transformation) or have prom-
inent bottlenecks (e.g., low matching degree of university-enterprise cooperation
in some traditional industries, insufficient pilot support for new material achieve-
ments); 3) Accessibility: The selected cases have complete data records and are
willing to cooperate with the investigation, ensuring the authenticity and compre-
hensiveness of case analysis. The case analysis focuses on sorting out the operation
process, key problems, and influencing factors of collaborative innovation,

providing practical basis for the subsequent path construction.

3. Theoretical Basis and Literature Review

The Triple Helix Theory emphasizes that the three types of entities-university,
industry, and government-interact, penetrate, and develop spirally, forming a col-
laborative innovation network through functional crossover and organizational
integration. In the framework of this study, universities in Tai’an undertake the
functions of knowledge production and technology supply; the industrial sector
undertakes the functions of market application and value realization; parks and
governments jointly undertake the functions of platform construction, service
supply, and institutional guarantee. The three form a stable innovation-driven
structure through functional coupling.

Innovation Ecosystem Theory regards innovation activities as a complex adap-
tive system composed of entities, factors, and environments, emphasizing the
symbiosis of multiple entities, collaborative flow of factors, and dynamic adapta-
tion of the environment. As knowledge suppliers, parks as service transformers,
and industries as market demanders, universities in Tai’an together with innova-
tion factors such as talents, technology, capital, and information, as well as exter-
nal environments such as policies, services, and cultures constitute a collaborative
innovation ecosystem. Its operating efficiency depends on the degree of coupling
between entities and the efficiency of factor allocation. Essentially, the construc-
tion of an innovation ecosystem is a networked collaborative process formed by
multiple entities on the basis of resource complementarity, benefit sharing, and
risk sharing [1].

Resource Dependence Theory states that the survival and development of or-
ganizations depend on key resources in the external environment, and resource
complementarity through cooperation among entities is an important path to re-
duce uncertainty and improve operational efficiency. Universities in Tai’an have
talents and technological resources but lack industrialization conditions and mar-
ket channels; the industrial sector has markets, capital, and application scenarios
but lacks core technology supply; parks have space carriers and service systems
but lack high-quality innovation projects. The three have a natural resource de-

pendence relationship, providing an internal logic for in-depth collaboration.
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Foreign research on industry-university-research collaborative innovation
started early, forming mature practical models represented by Silicon Valley in
the United States, Route 128 in Boston, and the Fraunhofer Society in Germany.
The research focuses on the structure of collaborative innovation networks, ben-
efit distribution mechanisms, intellectual property governance, pilot-scale incu-
bation systems, policy tool effects, and other fields, emphasizing market orienta-
tion, enterprise leadership, and professional service support, providing important
theoretical references for the construction of collaborative innovation ecosystems.

Domestic research has carried out extensive explorations on the practical di-
lemmas, operation mechanisms, model innovations, and policy optimizations of
industry-university
- research collaborative innovation. Zhang Li pointed out that China’s industry-

university.

- research collaborative innovation generally faces key problems such as mis-
placed entity goals, insufficient resource integration, loose benefit connec-
tions, and lack of governance mechanisms, and it is urgent to reshape the col-
laborative framework with systematic governance logic [2]. From the perspec-
tive of strategic orientation, Li Yuan et al proposed that enterprises and uni-
versities should be driven by market demand, strengthen the orientation of
applied research and achievement transformation, and improve the industrial
adaptability of collaborative innovation [3]. Through bibliometric analysis,
Wang Zhenzhen and Chen Xinyue found that pilot-scale incubation, factor
matching, financial support, and talent mobility have become research
hotspots in the field of industry-university-research collaborative innovation
in the past five years [4].

In terms of park-university collaboration, Lin Sen and Zhang Li proposed that
science and technology parks are core carriers connecting universities and indus-
tries, and their core value lies in integrating innovation resources, providing pro-
fessional services, and promoting the landing of achievements. However, most
parks currently have shortcomings such as weak service capabilities, insufficient
resource integration, and disconnection from industrial demand [5]. In terms of
industrial collaboration and chain-leader enterprise traction, Feng Xue believed
that chain-leader enterprises play a pivotal role in integrating industrial chain re-
sources, transmitting innovation demand, and driving the collaborative upgrad-
ing of small, medium, and micro enterprises, which can effectively solve the prob-
lem of “disconnection” between the innovation chain and the industrial chain [6].
At the regional practice level, taking county-level industrial upgrading as an ex-
ample, Zhou Yelian proposed that strengthening industry-university-research
docking, building innovation platforms, and improving policy incentives are key
measures to promote achievement transformation and industrial transformation
[7]. Taking the new energy vehicle industry as an example, Chen Fangying ef al.
proposed that focusing on key links in the industrial chain and building a “vehicle-

parts-aftermarket” collaborative innovation system can significantly improve the
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overall competitiveness of the industry. From the perspective of green develop-
ment, Li Xinyun proposed that constructing a cross-entity collaboration system
driven by chain-leader enterprises can promote the efficient linkage of factors
such as standards, data, and technology [8].

Opverall, existing studies have laid a solid theoretical foundation for this paper,
but systematic research focusing on resource-based cities with “University + Park
+ Industry” tripartite linkage as the core is relatively insufficient, and localized
research combining Tai’an’s local scientific and educational resources, park carri-
ers, and industrial characteristics is even weaker. Based on the reality of Tai’an,
this study makes up for the deficiencies of existing research in the construction of
collaborative innovation ecosystems in small and medium-sized resource-based
cities, with strong pertinence and practical value.

The Triple Helix Theory, Innovation Ecosystem Theory, and Resource Depend-
ence Theory are organically integrated to form the core analytical logic and diag-
nostic framework of this study. The Triple Helix Theory defines the functional
positioning and interactive paradigm of universities, industries, and governments
with industrial parks as the key carrier for government-led service supply laying
the foundation for the multi-entity structure of the “University + Park + Industry”
collaborative innovation ecosystem. The Innovation Ecosystem Theory provides
a systematic analytical perspective, guiding the study to examine the integrated
operation of entities and innovation factors, with symbiotic interaction and factor
allocation efficiency as key diagnostic dimensions. The Resource Dependence
Theory reveals the intrinsic collaborative motivation: universities (talent and
technology), parks (carrier and services), and industries (market and capital) rely
on each other to make up for resource gaps, which serves as the core starting point
for bottleneck diagnosis. Collectively, these theories form a coherent logic: taking
multi-entity functional positioning (Triple Helix Theory) as the basis, systematic
ecosystem operation (Innovation Ecosystem Theory) as the perspective, and re-
source complementarity gaps (Resource Dependence Theory) as the focus, jointly

underpinning the study’s bottleneck identification and mechanism design.

4. Current Situation and Bottleneck Diagnosis of
Collaborative Innovation of “Universities in
Tai'an + Parks + Industries”

Tai’an has initially formed a collaborative innovation basic pattern with universi-
ties in Tai’an as the source of knowledge, industrial parks as transformation car-
riers, and characteristic industries as application scenarios. According to public
data, the scale of innovation resources in Tai’an continues to expand, laying a solid
foundation for tripartite collaboration: the city has 8 ordinary universities with
141,000 enrolled students and 6,349 full-time teachers, forming a relatively com-
plete talent training and knowledge production system [6]. Universities in Tai’an
have built 71 scientific and technological innovation platforms in total, released

2,237 university experts, 942 scientific and technological achievements and inven-
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tion patents, 37 school-enterprise cooperative scientific research projects, and 94
school-local and school-enterprise cooperative projects [8]. By 2025, the number
of high-tech enterprises in Tai’an reached 1,014, maintaining a growth rate of
more than 20% for six consecutive years; the number of national small and me-
dium-sized scientific and technological enterprises reached 1,576; the total social
Research and Development investment reached 10.118 billion yuan, and the re-
search design investment intensity rose to 2.80%, higher than the provincial aver-
age for many consecutive years [9]. The output value of high-tech industries ac-
counted for 66.8% of the total industrial output value of industrial enterprises
above designated size, an increase of 16.7 percentage points compared with 2020,
and the industrial innovation foundation continued to strengthen [10].

In terms of park carrier construction, as a national-level high-tech zone, Tai’an
High-tech Zone has 281 innovation and Research and Development platforms
above the municipal level, including 8 national-level and 22 provincial-level ones.
The number of high-tech enterprises has doubled in the past three years, and the
total industrial output value of enterprises above designated size reached 55.24
billion yuan in 2025, becoming the core innovation-bearing area of the city [11].
Focusing on achievement transformation and Research and Development ser-
vices, Taishan Innovation Valley, linked with Taishan Science and Technology
Market, has settled more than 100 service institutions and enterprises, cultivated
more than 150 technology managers, and built 20 achievement transformation
demonstration bases [12]. In 2024, the city’s technical contract transaction volume
reached 1.9557 billion yuan, with 4,083 registered projects, and the scale of
achievement transformation expanded rapidly [13]. The “Double Hundred Ac-
tions” have solved 320 technical problems for enterprises in total, promoting pre-
cise docking between experts and enterprises, and between enterprises and re-
search institutes [13]. Overall, Tai’an has met the basic conditions for collabora-
tive innovation: “universities have resources, parks have carriers, industries have
demand, and policies have support”.

Structural mismatch between the supply of scientific and technological achieve-
ments and industrial demand. Most scientific research projects of universities in
Tai’an are oriented to vertical projects, academic papers, and patent applications,
with a high proportion of basic research and insufficient supply of applied results
with industrialization potential facing real enterprise production scenarios. Alt-
hough the cumulative number of patent applications and grants of universities in
Tai’an reached 6,519 and 4,365 respectively, the industrialization rate of invention
patents is significantly low [5]. A large number of achievements remain in the
laboratory stage with low matching degree with enterprise technical demand,
forming a supply-demand mismatch of “accumulated university achievements
and unsolved enterprise problems”, and the innovation chain and industrial chain
fail to mesh effectively [5]. From the perspective of transformation structure, most
university achievements are non-core patents and simple technical improve-

ments, and the supply of key core technologies for leading industries such as high-
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end equipment, new materials, and biomedicine is obviously insufficient, which
is difficult to support the high-end transformation of industries.

Blocked achievement transformation channels caused by the lack of pilot-scale
incubation links. Pilot test verification is a key link connecting the laboratory and
industrialization, and it is the most prominent shortcoming in current collabora-
tive innovation. The number of professional pilot platforms in universities in
Tai’an is insufficient and their functions are imperfect; the supply of pilot facilities
and supporting services in parks is weak; and enterprises are difficult to bear the
high investment and high risks in the pilot stage. Data shows that the transfor-
mation rate of university achievements from the laboratory to the pilot stage in
Tai’an is less than 30%. A large number of mature small-scale test achievements
cannot complete process amplification, cost optimization, and reliability verifica-
tion, making it difficult to cross the “valley of death” of achievement transfor-
mation [11]. The lack of pilot links directly leads to the disconnection between
scientific research achievements and industrialization, becoming a core bottle-
neck restricting collaborative efficiency [11].

Blocked school-enterprise information transmission and low docking effi-
ciency. Information such as university scientific and technological achievements,
enterprise technical demand, and expert talent resources is scattered and frag-
mented, lacking a unified, authoritative, dynamically updated docking platform
and normalized communication mechanism. Although Tai’an has established a
“demand database-achievement database-expert database”, the dynamic update is
not timely, intelligent matching is insufficient, and offline docking frequency is
limited. Information transmission highly relies on manual docking and acquaint-
ance recommendation, resulting in low matching accuracy, high communication
costs, and long collaboration cycles. In 2024, more than 100 transformable
achievements were registered by universities in Tai’an, but only more than 10
transformation intentions were reached and 2 were successfully landed. Infor-
mation asymmetry leads to the failure of a large number of potential cooperations
to be transformed into actual projects [12]. Poor information transmission has
become an important factor restricting the efficiency of industry-university-re-
search collaboration [14].

Insufficient resource integration capacity and professional service supply of in-
dustrial parks. The functional positioning of parks focuses on space provision and
policy implementation; the professional service systems such as Research and De-
velopment services, technology transactions, intellectual property operation, in-
spection and testing, and technological finance are not perfect; and the ability to
integrate university innovation resources, industrial market resources, and inter-
mediary service resources is weak. Core carriers such as Tai’an High-tech Zone
and Taishan Innovation Valley still mainly provide basic services such as factory
building leasing and policy declaration, with insufficient full-cycle innovation ser-
vice supply, failing to give full play to the role of bridges and carriers. Compared

with advanced regions, Tai’an’s parks have obvious gaps in the number, service
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capacity, and marketization level of professional service institutions, which are
difficult to meet the compound needs of achievement transformation and enter-
prise cultivation [5].

Insufficient endogenous power caused by imperfect collaborative governance
mechanisms. Rules such as benefit distribution of achievement transformation,
ownership of intellectual property rights, and pricing of technology shares are un-
clear, making it difficult to balance the interests of multiple entities; the “revolving
door” mechanism for university researchers to flow to industries is not smooth,
with obvious institutional constraints on part-time employment, professional title
evaluation, and benefit guarantee; the financial support system such as technology
credit, risk compensation, and angel investment for achievement transformation
is not perfect. Although the registered scale of “Luke Loan” reached 2.02 billion
yuan with 5.97 million yuan in interest discounts, its coverage and support
strength are still difficult to meet the capital needs of early achievement transfor-
mation [9]. The research evaluation and enterprise innovation incentive mecha-
nism oriented to transformation performance have not been fully established, and
the endogenous power and institutional guarantee of collaborative innovation are
insufficient. Shortcomings in mechanisms such as benefit distribution, risk shar-

ing, and talent mobility jointly restrict the sustainability of collaboration [2].

5. Construction of Collaborative Innovation Linkage
Mechanism of “University + Park + Industry”

Focusing on making up for the shortcomings of pilot tests and strengthening
achievement maturation, universities in Tai’an and industrial parks are promoted
to jointly build industrial technology research institutes, concept verification cen-
ters, and professional pilot platforms with physical operation. Drawing on the ma-
ture model of university-local-industry collaborative construction, a dual-subject
governance structure is established, where universities and parks are jointly re-
sponsible for platform operation, project screening, technology Research and De-
velopment and achievement transformation. Centering on advantageous indus-
tries in Tai’an such as modern agriculture, high-end equipment, biomedicine, and
new materials, industry-specific pilot bases are laid out to provide full-process
services such as small-scale test amplification, process optimization, product test-
ing, and cost accounting, promoting early scientific research achievements to
complete concept verification and engineering verification, and improving
achievement maturity and industrialization adaptability. Relying on the existing
281 research design platforms in Tai’an High-tech Zone, integrating university
resources to build pilot platforms can significantly reduce the risk and cost of
achievement transformation. Platform-based, physical, and market-oriented col-
laborative carriers are key supports to solve the lack of pilot tests and realize
achievement maturation [11].

Relying on Taishan Innovation Valley to build a municipal collaborative inno-

vation information hub, a dynamic matching system integrating enterprise tech-
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nical demand, university scientific and technological achievements, and expert
talent resources is constructed to promote the standardized, visualized, and real-
time update of demand, achievement, and talent information. Through big data
and intelligent matching technology, precise push of technical demand and scien-
tific research achievements is realized. Relying on the Double Hundred Actions,
normalized school-enterprise docking, achievement roadshows, and technical
consultations are carried out to promote the transformation of innovation factors
from passive docking to active matching, from decentralized cooperation to sys-
tematic collaboration, and improve the efficiency of factor allocation. The tech-
nical contract transaction volume of Tai’an reached 1.9557 billion yuan in 2024,
indicating that there is large room for improvement in factor docking. The three-
database linkage system can further reduce information asymmetry and improve
the precision of industry-university-research docking [7] [12].

Based on the demand for key core technologies and common technologies in
the industry, a market-oriented and project-linked technical tackling mechanism
is established. The collaborative tackling mode of “enterprises set questions, uni-
versities solve questions, and governments assist questions” is fully implemented.
Focusing on technical bottlenecks in industrial development, projects are publicly
announced to attract university research teams to undertake tackling, forming a
demand-driven, task-oriented, and closed-loop management research design or-
ganization form. Project-based traction promotes Research and Development ac-
tivities to closely follow industrial scenarios and aligns the research direction of
universities with the development path of industries. Tai’an implements nearly
200 provincial-level enterprise technological innovation projects every year, and
industrial demand traction can significantly improve the industrial adaptability
and transformation value of Research and Experimental Development achieve-
ments [6] [10].

Relying on Tai’an’s technological innovation financial reform policy system, a
financial support and risk sharing mechanism covering the whole cycle of achieve-
ment transformation is constructed. Optimize the supply of products such as tech-
nology credit and intellectual property pledge financing, implement the “auto-
matic approval and enjoyment” policy for benefiting enterprises, and lower the
financing threshold for technology-based enterprises. Establish a risk compensa-
tion pool jointly participated by the government, banks, and guarantee institu-
tions to diversify early risks of achievement transformation and technological in-
novation, guide angel investment and venture capital to invest in early achieve-
ment transformation projects of universities, and form a technological innovation
financial ecosystem linked by “investment, loan, guarantee, and subsidy”. The reg-
istered volume of Tai’an’s “Luke Loan” increased by 52.0% year-on-year in 2025,
showing broad space for financial empowerment. Financial and risk sharing
mechanisms are important guarantees to solve financing problems and activate
innovation investment [9] [12].

Break down barriers to talent mobility between universities and industries and
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establish a two-way “revolving door” system for talents. Support university re-
searchers to provide technical services, achieve transformation, and cooperate on
projects in enterprises on the premise of completing their own work, and protect
their legitimate rights and interests in professional title evaluation, post employ-
ment, and salary treatment; select high-level technical and management talents
from enterprises to serve as industrial professors in universities to participate in
talent training and scientific research innovation. Improve the talent incentive
mechanism with innovation value, transformation performance, and industrial
contribution as the core, and stimulate the innovation enthusiasm of researchers
and enterprise technicians through equity, options, dividends, one-time rewards,
and other ways. Tai’an has selected 20 vice presidents of science and technology
and carried out 32 expert enterprise visits, with initial results in two-way talent
mobility. Further improving the incentive mechanism can continuously enhance

the vitality of collaborative innovation [4] [14] [15].

6. Construction Path of Collaborative Innovation Ecosystem
of “Universities in Tai’an + Parks + Industries”

Focusing on opening up the “basic research-technology development-pilot matu-
ration-industrial landing” chain, a multi-level and functionally complementary
platform support system is constructed. Strengthen the construction of university
knowledge innovation platforms and improve the supply capacity of applied re-
search and industrial technologies; accelerate the layout of concept verification
centers and professional pilot platforms to make up for key shortcomings in
achievement transformation; optimize the stepped incubation and cultivation sys-
tem of “crowdsourcing space-incubator-accelerator-industrial park” to improve
the efficiency of cultivating technology-based enterprises; improve public service
platforms such as technology transactions, intellectual property rights, inspection
and testing, and scientific and technological consulting, improve professional ser-
vice supply, and form a closed-loop platform support network. Relying on Tai’an’s
existing 71 university scientific and technological innovation platforms and 281
park Research and Development platforms, integration and upgrading can form
a full-chain support capacity and effectively eliminate transformation breakpoints
(1] [4] [8].

Promote the free flow and efficient integration of talents, technology, capital,
information, data, and other innovation factors among universities, parks, and
industries. Optimize the technology supply structure based on demand and pro-
mote more university research topics derived from the industrial frontline;
strengthen entity connection with talents as the link to realize the cross-entity
transmission of knowledge, experience, and skills; leverage innovation investment
with capital as the lever and guide financial resources to tilt toward achievement
transformation and technological innovation; eliminate collaboration barriers
based on information, reduce transaction costs and search costs, and improve

overall collaboration efficiency. At present, Tai’an’s Research and Development
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investment intensity is 2.80% and the high-tech industry accounts for 66.8%, with
a good foundation in factor scale. Efficient integration can further release collab-
orative dividends and realize the benign operation of the innovation ecosystem
(5] [9] [10].

Establish a municipal-level collaborative innovation governance structure with
overall coordination and multi-party participation, and improve the normalized
communication and consultation mechanism among universities, parks, enter-
prises, governments, and intermediaries. Improve institutional rules such as ben-
efit distribution of achievement transformation, ownership and sharing of intel-
lectual property rights, and risk sharing, clarify the rights, obligations, and interest
boundaries of all parties, and form a stable and predictable institutional environ-
ment. Establish an evaluation and assessment system with industrial contribution,
transformation performance, and innovation efficiency as the core, incorporate
the effectiveness of collaborative innovation into the evaluation and assessment of
universities, parks, and key enterprises, and strengthen incentives and constraints.
Drawing on the experience of Changchun’s industry-university-research collabo-
rative innovation pilot, institutionalized governance can effectively improve the
stability and sustainability of entity collaboration and provide guarantees for long-
term cooperation [2] [11].

Formulate systematic detailed rules for school-local cooperation, clarify insti-
tutional arrangements in platform co-construction, talent mobility, achievement
transformation, financial support, tax incentives, and other aspects, and provide
stable policy guarantees for collaborative innovation. Benchmarking the experi-
ence of constructing university-surrounding innovation ecosystems in advanced
regions, layout innovation blocks, scientific and technological innovation carriers,
and public service spaces relying on universities in Tai’an, promote the integrated
development of campus, park, and community, and create an innovation ecology
of nearby entrepreneurship, nearby transformation, and nearby services. Guide
parks to focus on segmented industries to achieve dislocation development and
improve industrial agglomeration and professional service level. Accelerate the
cultivation of professional technology manager teams, improve the capabilities of
technology mining, achievement promotion, transaction negotiation, and project
operation, and improve the intermediary service system. Continuously optimize
the policy implementation mechanism, promote the direct and fast enjoyment of
various policies benefiting enterprises and innovation, reduce institutional trans-
action costs, and create a good innovation atmosphere of encouraging innovation,
tolerating failure, and advocating transformation. Tai’an has cultivated more than
150 technology managers and built 20 achievement transformation bases. Policy
empowerment can further reduce collaboration costs and improve ecological op-
eration efficiency [8] [12].

To consolidate the causal link between problem diagnosis and construction
paths, each identified bottleneck in the “Universities in Tai’an + Parks + Indus-

tries” collaborative innovation ecosystem is precisely matched with a targeted
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mechanism and corresponding expected effects, forming a rigorous “problem-
mechanism-effect” logical chain. First, the structural mismatch between techno-
logical achievement supply and industrial demand is addressed by the market-
oriented, project-linked key technology tackling mechanism, expected to optimize
university research orientation and improve the supply-demand matching degree.
Second, the lack of pilot-scale incubation links is resolved through the university-
park joint pilot platform construction mechanism, aiming to bridge the achieve-
ment transformation “valley of death” and raise the industrialization rate. Third,
blocked university-enterprise information transmission is improved via the mu-
nicipal collaborative innovation information hub and three-database intelligent
matching mechanism, to eliminate information asymmetry and enhance docking
precision. Fourth, insufficient park resource integration and professional services
are remedied by the full-cycle service and platform integration mechanism, pro-
moting parks to become professional innovation service providers and improve
the comprehensive service system. Fifth, imperfect collaborative governance and
insufficient endogenous motivation are optimized through the integrated mecha-
nism of talent two-way flow, standardized benefit distribution and financial risk
sharing, to clarify stakeholder interest boundaries, stimulate innovation enthusi-
asm and sustain long-term collaborative vitality. This one-to-one correspondence
strengthens the pertinence of the proposed paths and the theoretical-practical

value of the research.

7. Conclusion and Prospect

Taking Tai’an City as the research object, this study systematically analyzes the
construction of the collaborative innovation ecosystem of “Universities in Tai’an
+ Parks + Industries” and draws the following conclusions: First, Tai’an has the
scientific and educational resources, park carriers, and industrial demand foun-
dation to promote tripartite collaborative innovation. Data such as 71 university
platforms, 1,014 high-tech enterprises, 2.80% Research and Experimental Devel-
opment investment intensity, and 1.9557 billion yuan technical contract transac-
tion volume show that the innovation foundation is continuously consolidated,
but it still faces prominent bottlenecks such as achievement supply-demand mis-
match, lack of pilot links, poor information docking, insufficient park services,
and lagging governance mechanisms. The advantages of scientific and educational
resources have not been effectively transformed into industrial competitiveness
and economic development momentum. Second, the core path to break through
collaborative innovation bottlenecks is to build an integrated linkage mechanism
of platform co-construction, factor matching, project traction, financial empow-
erment, and talent interconnection, realizing the transformation of multiple enti-
ties from loose cooperation to in-depth coupling. Third, collaborative efforts
should be made from four dimensions: platform system, factor allocation, gov-
ernance mechanism, and policy environment to build a closed-loop, systematic,

and localized collaborative innovation ecosystem and open up the whole chain
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channel from knowledge production to industrial application. Fourth, the con-
struction path proposed in this study is based on the transformation reality of
resource-based cities, conforms to Tai’an’s local policy practice, has strong oper-
ability and promotion value, and can provide a reference for similar cities.

The construction of the collaborative innovation ecosystem of “Universities in
Tai’an + Parks + Industries” is a long-term systematic project that needs to be
continuously optimized and improved in practice in the future. First, further
strengthen digital empowerment, rely on technologies such as big data and artifi-
cial intelligence to improve the intelligent level of factor matching, platform op-
eration, and governance decision-making, and promote the quality and efficiency
of three-database linkage and precise docking. Second, continuously deepen in-
stitutional mechanism innovation, dynamically adjust policy tools, benefit distri-
bution, and governance models according to industrial upgrading and changes in
the innovation environment, and improve key systems such as pilot support, fi-
nancial risk compensation, and talent incentives. Third, promote cross-regional
collaborative innovation, take the initiative to integrate into the provincial capital
economic circle and the Yellow River National Strategy innovation layout, expand
the space for innovation resource allocation, and attract external universities, re-
search institutes, and financial capital to participate in Tai’an’s ecosystem con-
struction. Fourth, cultivate the soil of innovation culture, strengthen the domi-
nant position of enterprises in innovation, enhance the orientation of university
achievement transformation, and create a good atmosphere of social support for
collaborative innovation. With the continuous improvement of the collaborative
innovation ecosystem, universities, parks, and industries in Tai’an will achieve a
higher level of in-depth integration, injecting sustained and strong innovation
momentum into the transformation of Tai’an’s resource-based cities, fostering
new quality productive forces, and promoting high-quality development.

It should be noted that this study has certain limitations. First, the research fo-
cuses solely on Tai’an, a single resource-based city, which limits the generalizabil-
ity of the conclusions to some extent, and the findings may not fully apply to re-
source-based cities with different industrial bases and sci-educational endow-
ments. Second, the study relies heavily on policy documents, descriptive statistics
and field investigation data, with insufficient quantitative empirical analysis to
verify the causal relationship between the constructed collaborative innovation
mechanisms and actual innovation performance. In terms of the transferability of
the framework, the core logic of the “University + Park + Industry” collaborative
innovation ecosystem, including platform co-construction, factor matching, tal-
ent mobility and financial support mechanisms, is generally applicable to other
resource-based cities facing the task of transforming sci-educational advantages
into industrial competitiveness. However, specific content closely linked to
Tai’an’s local context, such as the focus on modern agriculture, high-end equip-
ment and other advantageous industries, the reliance on Tai’an High-tech Zone

and Taishan Innovation Valley as core carriers, and the combination with local
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policies such as the “Double Hundred Actions”, are specific to Tai’an and need to

be adjusted according to the actual conditions of other cities during application.
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