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ABSTRACT

This research examines the role of technoparks in Indonesia as innovation ecosystems that bridge academia and

industry through Collaborative Knowledge Creation and the Pentahelix model. While technoparks are designed to integrate

research, business, and government support, persistent challenges limit their effectiveness, including bureaucratic delays in

Memorandum of Understanding/Memorandum ofAction processes, inconsistent funding, and uneven industrial commitment,

where partnerships are often perceived merely as corporate social responsibility. Using Soft Systems Methodology, this

research analyzes data from several institutions. The findings highlight systemic misalignments between conceptual models

and real practices, underscoring the need for reforms in policy, incubation, and dissemination mechanisms. Systematically

desirable and culturally feasible changes include streamlining cooperation procedures, expanding incubation to accelerate

commercialization, and strengthening media as a knowledge diffuser. Evidence shows that corrective actions have been

initiated through the development of career support, intellectual property management, Small and Medium Enterprises

assistance, and entrepreneurship incubation. This research was conducted in three provinces (Aceh, West Sumatra, and

West Java). The results show that the presence of technoparks on campus has increased collaboration and cooperation,

particularly in Micro, Small, and Medium Enterprises (MSME) business development, which Collaborative Knowledge

Creation and Pentahelix concept implemented. The research concludes that embedding Collaborative Knowledge Creation
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and Pentahelix principles can transform a technopark into an inclusive and sustainable platforms that strengthen competi-

tiveness, entrepreneurial growth, and community empowerment.

Keywords: Collaborative Knowledge Creation; Pentahelix; Technopark

1. Introduction

This research explains the concept of Collaborative

Knowledge Creation (CKC) and the pentahelix in building

technoparks as an effort to increase cooperation between

academic institutions and external parties, especially in de-

veloping small and medium enterprises.

Innovation is the core force behind organizational

growth and a source of ideas and opportunities that enhance

individual lives while strengthening the global economy [1].

Integrating science, education, and business is a fundamen-

tal condition for building an innovation based economy. In

many developed nations, technology parks have proven to

be a powerful mechanism of integration, enabling all phases

of innovation to take place within one setting, beginning

with idea generation and extending to market realization [2].

Technoparks serve as platforms that connects industry, uni-

versities, and entrepreneurs to develop research and projects

aligned with industrial needs while also benefiting from

government incentives [3]. Technoparks serve as joint plat-

forms and research hubs where industry and universities

converge, enabling universities to conduct scientific studies

and projects aligned with industrial demands. Since people

are the core force of innovation, a technopark should act

as an innovation ecosystem that enables knowledge trans-

fer and collaboration through public–private partnerships,

research commercialization, university spin- offs and star-

tups, business incubators, and technology transfer centers [2].

A technopark (also known as a Science Park or Technol-

ogy Park) is: (a) A physical and institutional facility that

supports collaboration between universities, industry, gov-

ernment, and other parties in developing and implementing

technological innovations, (b) Typically, it includes: busi-

ness incubators, research centers, prototyping facilities, and

industrial networks.

In addition to functioning as platforms for science–

industry collaboration, technoparks are increasingly regarded

as strategic environments for CKC, knowledge is not only

transferred but also co-created among stakeholders, enabling

innovations to arise from collective interaction rather than

from isolated efforts. This perspective aligns with the Pen-

tahelix model, which extends the traditional Triple Helix

(university–industry–government) by incorporating the roles

of communities and media. Within the technopark, the Pen-

tahelix approach ensures that innovation becomes more par-

ticipatory, socially grounded, and broadly distributed. Uni-

versities and industries contribute through research and com-

mercialization, governments provide regulatory and infras-

tructural support, communities offer user-driven insights,

and media channels accelerate the diffusion of knowledge.

Together, CKC and the Pentahelix model reinforce the role

of technoparks as innovation ecosystems that not only create

economic value but also promote sustainable and community-

oriented development. Although the Triple and Quadruple

Helix models could be applied, the Pentahelix model was

chosen because it explicitly includes civil society, allowing

a more comprehensive analysis of multi-stakeholder collab-

oration among government, industry, academia, media, and

communities in this context. Building on this framework,

while many studies link these helix models to technoparks,

this study contributes new insights by applying the Soft Sys-

tems Methodology (SSM) across multiple provinces, high-

lighting the role of media in facilitating collaboration, and

examining the incubation curriculum for MSMEs, thereby

extending both the practical and theoretical understanding of

multi-stakeholder engagement in technopark development.

In Indonesia, Bandung Techno Park illustrates the tan-

gible role of technoparks in fostering regional innovation

and competitiveness. Its effectiveness can be seen through

performance indicators such as the number of startups es-

tablished, the scale of economic activity generated, and the

creation of innovative products, all of which contribute to

local economic growth [4]. Moreover, the park’s business

incubation program has played a critical role in advancing

entrepreneurial ventures by providing structured mentoring,

resource accessibility, and strong networking support, which

are essential for sustaining early-stage innovation [5]. Besides

Bandung, there is also Solo Technopark, which offers educa-
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tion and training programs in fields such as manufacturing

mechanics, manufacturing design, welding, underwater wet

welding, and the Oil and Gas Skill Center Indonesia, aiming

to enhance human resource quality with both hard and soft

skills to stay competitive in the job market [6]. The purpose of

this study is to examine how technoparks can be developed as

innovation ecosystems through the integration of academic

and industrial collaboration. Specifically, the study aims to

analyze the role of innovation and CKC in strengthening the

competitiveness of organizations, while applying the Penta-

helix model to ensure broader stakeholder involvement. By

drawing on new data from interviews conducted in 2024 with

leading institutions such as Bandung TelkomUniversity, Uni-

versitas Syiah Kuala (USK), and Politeknik Negeri Padang

(PNP), this research seeks to identify effective strategies that

enable universities, industries, governments, communities,

and media to synergize in building sustainable technoparks.

The technoparks concept at Syiah Kuala University (USK) in

Banda Aceh focuses on the development and application of

innovative technologies, particularly in the coffee and cocoa

sectors, with a “Hi-Tech” foundation. Its primary goal is to

increase the added value of superior regional products and

bridge the gap between academia and industry, creating an

environment that encourages collaboration, incubation, and

commercialization of research results. PNP has several real

examples that approach the techno park concept, such as

the development and utilization of technology in vocational

programs, innovation through student and lecturer projects,

and the potential for developing supporting facilities for in-

dustrial research and development, although there are no

facilities explicitly named “techno park” as is common in

research universities.

Particular contributions in this paper are outlined as

follows:

1. Proposing a cooperationmodel that enhances economic

value, entrepreneurial growth, and supports inclusive,

community-driven innovation

2. Identifying systemic gaps and providing policy rec-

ommendations to strengthen cooperation and ensure

sustainability in vocational education partnerships.

3. Demonstrating how CKC and the Pentahelix approach

in technoparks can reduce collaboration barriers, im-

prove graduate competencies, and align innovation

with industry needs.

The rest of the paper is organised as follows. The re-

lated works are presented in Section 2. The proposed method-

ology is introduced in Section 3. Results and discussion,

along with open issues, are provided in Section 4. Finally,

Section 5 concludes the key findings and outlines potential

future directions.

2. Materials and Methods

University-Industry Collaboration (UIC) produces

highly skilled and efficient business graduates capable of

meeting the demands of industry, addressing globalization,

supporting the knowledge-based economy, and fulfilling la-

bor market needs both domestically and internationally [7].

The triple helix concept is a collaborative model between

three key actors in innovation development: higher education

(academics), industry (business), and government. Collabo-

ration between the three is crucial because they have comple-

mentary roles in creating a strong and sustainable innovation

ecosystem. The triple helix concept plays a key role in fos-

tering collaboration and innovation within organizations and

businesses. It turns out that the triple helix concept can en-

courage innovation and technology that universities produce

through research and new knowledge. The role of industry

applies these research findings into tangible products/ser-

vices, and the government creates policies that support the

downstreaming of technology and also innovation, because

without collaboration, research can simply become a pile

of documents without any real application. The triple helix

concept can also increase national competitiveness, because

collaboration accelerates the commercialization of local in-

novation, which impacts the growth of a knowledge-based

economy. Therefore, countries that successfully build an ef-

fective triple helix tend to be more competitive globally [7, 8].

Resource efficiency and effectiveness in the triple helix also

drive industry to utilize research facilities and human re-

sources from universities, reducing R&D costs. The role

of universities can include receiving research funding from

industry or the government. The government can collaborate

with the other two actors to implement more targeted devel-

opment programs. The triple helix can also have a solution

to social issues, such as renewable energy, health, education,

and the environment cannot be solved by one party alone.
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Furthermore, the triple helix collaboration enables the devel-

opment of research-based, applicable, and policy-legitimate

solutions, strengthening regional innovation ecosystems. At

the local level, triple helix collaboration can create innova-

tion clusters rooted in local potential [8, 9].

Knowledge, learning, and innovation are the most im-

portant factors for competitiveness in the globalization era

and a knowledge-based economy, especially for business de-

velopment that requires speed in responding to technological

changes and being able to win the competition. Strategic

partnerships with suppliers, customers, and universities can

enhance knowledge sharing, improve access to complemen-

tary resources, and lower R&D risks and costs [9]. University-

Industry Collaboration is effective in transferring technology,

turning research into commercial use, and creating innova-

tive products and services [10]. In this context, technoparks

serve as platforms that extend the benefits of University-

Industry Collaboration by facilitating the application of re-

search outcomes within specific regions. Technoparks are

expected to close existing gaps and support mining regions

in adapting to the new economy [11]. Referring to the Interna-

tional Society of Science Park and Technopark [12], the essen-

tial characteristics that should be understood are as follows:

(a) established to foster businesses grounded in knowledge

and technology, (b) the presence of operational interactions

between universities or other educational institutions, (c) the

creation of a management structure that facilitates technol-

ogy transfer and provides conditions for entrepreneurs to

operate and optimize their business activities, and (d) the

participation of large corporations or startups as commercial

actors addressing customer demands. There are general prin-

ciples needed as key factors to build a successful science park

or technopark [13], namely: (a) vision and leadership, (b) net-

work development,(c) commitment and trust, (d) interactive

learning, and (e) circulation of success.

CKC is a concept that fosters innovation, and its ap-

plication within organizations has become essential for sur-

viving global competition, as innovation requires extensive

knowledge and strong competencies. CKC is a process in

which various parties (with diverse backgrounds) jointly

create, share, and develop knowledge to solve problems or

create innovation [14]. Therefore, knowledge comes not only

from academia, but also from practical industry experience,

government policies, and even the community. CKC is part

of organizational knowledge creation, where knowledge is

created through interactions between tacit knowledge and

explicit knowledge between individuals and groups within

the organization [15, 16]. There is the process of working to-

gether to identify, generate, share, and spread knowledge and

expertise so it can be reused, understood, and learned [17, 18].

The concept of CKC describes a process in which multi-

ple individuals collaborate to generate new information and

knowledge, which can then support organizational innova-

tion and development [5]. There are four key stages in the pro-

cess of creating collaborative knowledge [15]: (a) exploring

and sharing, (b) interpreting and analyzing, (c) negotiating

and revising, and (d) combining and creating. The concept

of CKC emphasizes joint efforts in generating and sharing

knowledge. The triple helix concept then developed into

the quadruple helix concept, which explains the existence

of collaboration from the community or environment. The

quadruple helix model emphasizes the importance of the

public role in the innovation process and strategic decision-

making, including in the business world [19]. In business,

quadruple helix can be inclusive such as: (a) participatory

innovation, customers, communities, NGOs, and the general

public are involved in the innovation process, (b) integrating

knowledge from various sources, business innovation com-

bines from scientific research (academia), technology and

production (industry), policy (government), values, needs,

and aspirations of society (civil society, (c) the role of com-

munities as partners, not just consumers, and communities

are involved as collaborative partners, not just target markets,

(d) responsive to social and environmental issues, business

innovation is directed at solving real problems in society,

(e) Cross-sector collaboration for comprehensive solutions

which the company collaborates with universities for R&D

and talent development, government for making regulations,

incentives, and joint projects, communities doing product

trials, needs validation, (f) transparency and information dis-

closure that business are more open in their communications,

especially when making strategic decisions that impact so-

ciety [19, 20]. The development of the quadruple helix model

is the pentahelix. The Pentahelix model complements this

by encouraging collaboration among diverse stakeholders to

maximize organizational outcomes. The pentahelix serves

as a reference for fostering collaboration among stakehold-

ers to provide optimal support in achieving organizational
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goals [21, 22]. The dimensions of the Pentahelix consist of: (a)

academia, (b) business actors, (c) society, (d) government,

and (e) media [22]. Therefore, the Pentahelix model is a sys-

temic and collaborative approach that unites five important

elements (academia, business, government, society, media)

to produce inclusive, adaptive and sustainable innovation in

facing the complexity of social, economic and environmental

problems [23]. The relationship between the pentahelix model

and technopark is that the pentahelix describes how collab-

oration framework occurs, while technopark is a physical

and digital container or ecosystem where that collaboration

occurs. Technoparks are usually managed by universities or

local governments, involving the industrial sector and other

strategic partners. In the globalization era, the relationship

between technoparks, academic institutions, and external

parties is very close and strategic, because both strengthen

each other in creating a dynamic and globally competitive

innovation ecosystem [22, 23].

This research applies a systems thinking approach us-

ing the Soft Systems Methodology framework as outlined by

Checkland and Poulter [24]. Data collection was conducted

through interviews, observations, literature reviews, and doc-

umentation to ensure a comprehensive understanding of the

research context. The organizations involved in this extended

research include Telkom University, USK, and PNP. These

organizations serve as representative cases for analyzing

technopark implementation as a platform for innovation and

collaborative knowledge development.

Three semi-structured interviews were conducted be-

tween August 2024 and July 2025 with key informants who

held direct responsibilities in managing technopark programs.

The participants included: (i) Ade Irma Suryani, SE., M.Si,

the Head of the Business Management Study Program at

Universitas Syiah Kuala (USK), (ii) Dr. Primadona, SE.,

M.Si, the Head of the Business Administration Department

at Politeknik Negeri Padang (PNP), and (iii) Boy Syahputra,

S.Sos., M.Sc., Ph.D, the Marketing Manager of Bandung

Techno Park at Telkom University (Tel-U). A purposive sam-

pling strategy was applied to ensure the inclusion of partici-

pants directly involved in university-industry collaboration,

partnership agreements, and startup incubation. Each inter-

view lasted between 45 and 90 minutes.

Data were analyzed using thematic analysis by identi-

fying and categorizing key information into themes such as

collaboration bottlenecks, innovation support mechanisms,

and technopark outputs. These themes were then systemati-

cally mapped to the stages of the Soft Systems Methodology

(SSM) and the Pentahelix framework, ensuring consistency

between empirical evidence and theoretical interpretation.

To ensure methodological rigor, triangulation was con-

ducted through the application of the CATWOE framework

(customers, actors, transformation process, weltanschauung,

owners, and environmental constraints). This process vali-

dates the collaboration dynamics and enhances the reliability

and trustworthiness of the findings.

The application of Soft System Methodology in this

study follows the structured stages from the first to the fifth,

while the sixth stage represents the analysis results derived

from research discussions. The seventh stage, which marks

the implementation phase, is interpreted through the lens

of CKC combined with the Pentahelix model. The integra-

tion of Pentahelix highlights the multi-stakeholder synergy

required for sustainable innovation. The analytical process

consists of: (a) identifying what is considered problematic,

(b) expressing the problem situation, (c) formulating the root

definition of relevant purposeful activity systems, (d) devel-

oping conceptual models of the systems (holons) described

in the root definition, (e) comparing these models with the

real-world situation, (f) determining changes that are sys-

tematically desirable and culturally feasible, and (g) taking

action to improve the problem.

3. Results

The research findings on the collaboration of academia

and industry in Indonesia reveal that Soft Systems Method-

ology provides a systematic framework to understand and

address complex multi-actor dynamics involving academia,

industry, government, communities, and media. The seven

stages of Soft System Methodology are applied as follows:

Step 1: Problem Situation Considered Problematic

Interviews across Telkom University, USK, and PNP

highlight recurring challenges: bureaucratic delays in

Memorandum of Understanding/Memorandum of Action

(MoU/MoA) processes, delay in fund allocation, uneven

industry readiness, and the perception of collaboration as

corporate social responsibility rather than strategic innova-

tion. These issues restrict the full realization of Pentahelix
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synergy in technopark ecosystems.

Step 2: Problem Situation Expressed

The second step involves explaining the problem situa-

tion deemed problematic, presented in a specific form and

represented through a rich picture. This rich picture illus-

trates analysis one, analysis two, and analysis three [24] re-

garding industrial collaboration with higher education. Uni-

versities attempt to transfer academic knowledge into indus-

trial innovation, industries show varying levels of commit-

ment, governments provide limited but crucial policy sup-

port, communities expect empowerment, and media serve

as a dissemination channel. Yet, structural obstacles such as

slow bureaucracy and resource limitations hinder effective

collaboration. Figure 1 below explains the rich picture of

this research.

Figure 1. Rich Picture.

Figure 1 illustrates the technopark as the central hub,

surrounded by key stakeholders: universities, industries, gov-

ernment, MSMEs/communities, and media. Arrows indicate

knowledge and resource flows connecting each actor to the

hub. Bottlenecks (grey ovals) represent systemic challenges,

including MoU delays, CSR-only partnerships, and funding

gaps. Constraints (box) highlight regulatory such as Law

12/2012 and regulation 3/2020.

Building on the rich picture shown in Figure 1, the find-

ings were then categorized into the stages of Soft Systems

Methodology (SSM). Table 1 summarizes this alignment by

linking empirical evidence with each step of the framework.

Table 1. Mapping of SSM Stages.

SSM Stage Analytical Output Empirical Evidence
Implication for

Technoparks

Problematic

situation

Interview transcripts,

observation notes

“The MoU/MoAprocess with the bank may take longer, with

the program duration being 6 months.” (Ade Irma, USK)

Bureaucratic delays

hinder collaboration

Problem expressed Draft Rich Picture
Barriers: MSMEs need legality, industries reluctant to col-

laborate (Primadona, PNP)

Expectation gaps

between academia

and industry

Root definition Statement of purpose

“Technopark as a cross-sector hub to transform research

into startups and MSME products.” (Ade Irma, USK; Boy

Syahputra, Tel-U)

Sets the analytic

lens
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Table 1. Cont.

SSM Stage Analytical Output Empirical Evidence
Implication for

Technoparks

Conceptual models CATWOE/3E tables
Actors = lecturers, MSMEs, industries; Customers = students,

MSMEs, government. (Ade Irma, USK; Primadona, PNP)

Frames a systemic

perspective

Comparison
Ideal vs. observed

table

Ideal = Fast MoU; Reality = 2 weeks and possibly more.

(Primadona, PNP)
Gap identification

Desirable &

feasible change
Action list

“Digitalization of MoU process should be accelerated.” (Pri-

madona, PNP)
Policy suggestion

Action to improve Implementation cases
1,000 labeled products (USK), 41 IPs (PNP), 10 startups/year

(Tel-U)

Proof of traction

and impact

Source: Data processed, 2025.

Step 3: Root Definition: As shown in Table 2, in

this research, the root definition describes a human activity

system that will be analyzed or proposed as a solution to a

complex problem (soft problem). A system of human activ-

ities aimed at creating cross-sector collaboration with Pen-

tahelix in knowledge management to support Technoparks

as innovation hubs, enabling them to have a real impact on

local economic and technological development, within the

constraints of available policies and resource capacity.

Step 4: Conceptual Models

Referring to the root definition above, academia is po-

sitioned to respond to the needs and rapid changes of today’s

industrial world. To analyze this problem of institutional col-

laboration in strengthening organizational competitiveness,

the CATWOE and 3E frameworks [24] are applied. These

frameworks help to clarify the system components, stake-

holders, and performance criteria that shape the technopark

ecosystem, as shown in the following tables (Tables 3–5).

In addition to CATWOE and 3E, a logic model was

developed to map the roles of Pentahelix actors across incu-

bation stages, from inputs to impacts. This model provides

a structured pathway that complements the rich picture in

Figure 1: while the rich picture illustrates the messy reality,

the logic model shows the idealized flow of activities and

contributions, highlighting how academia, industry, govern-

ment, communities, and media interact to achieve sustainable

innovation outcomes.

Table 2. Root Definition for University Industry Collaboration.

Root Definition Process System

RD

The policy formulation and collaboration

process is established through partner-

ships among universities, industries, gov-

ernment, communities, and media in or-

der to realize CKC as a concrete manifes-

tation of Technopark development.

The system is operated by universities and their technoparks in the

context of policy formulation (P), strengthened through interaction

and communication at the externalization and sharing stages to reduce

information asymmetry in cooperation networks (Q). This system

facilitates the implementation of CKC across multiple actors within

the Pentahelix model, ensuring that academic research is transformed

into patents, startups, community empowerment programs, and com-

mercialized products.

Source: Data processed, 2025.

Table 3. CATWOE.

Element

CATWOE
Operational Definition Empirical Evidence

Customers MSMEs, industries, students, government
“56 MSMEs mentored, 24 cooperation agreements signed.”

(PNP)

Actors
Lecturers, research center managers, local gov-

ernment, industry partners
“We lack continuity of budget for startup incubation.” (PNP)

Transformation Research → IP/startups → commercialization
70 research projects (USK), 41 IPs (PNP), BTP startup incu-

bation (Tel-U)

7
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Table 3. Cont.

Element

CATWOE
Operational Definition Empirical Evidence

Weltanschauung Technopark as a regional innovation hub
“We see BTP as the backbone of regional innovation.” (Tel-

U)

Owners University leaders, ministries
“The campus strategic plan determines collaboration direc-

tion.” (PNP)

Environment
Bureaucracy, funding gaps, uneven industry readi-

ness
“MoU approval requires long process.” (USK)

Source: Data processed, 2025.

Table 4. 3E.

3E Criterion Focus Empirical Evidence

Efficacy
Reducing information

asymmetry

MSMEs in Aceh improved competitiveness through labeled products, supported by

the Career Development Center (USK)

Efficiency Optimizing resources
Cross-faculty incubator model; Tel-U applying iGracias LMS for integrated digital

learning and collaboration

Effectiveness Realization of outputs
PNP mentoring sustained 56 MSMEs; Tel-U incubates ~10 startups/year; >40 IPs

registered by PNP

Source: Data processed, 2025.

Table 5. Logic Model of Pentahelix Roles Across Technopark Development Stages.

Actor

(Pentahelix)
Inputs Activities Outputs Outcomes Impact

Academia
Research capacity, lec-

turers, students

Conduct R&D, curricu-

lum integration, cross-

faculty incubators

Publications, IP rights,

startups launched

Skilled graduates, stu-

dent entrepreneurs

Academic excellence,

employability

Industry
Capital, market in-

sights, networks

Mentoring, joint prod-

uct development, cur-

riculum feedback

Industrial prototypes,

MoU/MoAwith firms

Revenue growth for

startups, stronger

university–industry

linkages

Economic competitive-

ness, technology trans-

fer

Government

Policies, regulations,

funding (matching

grants, P3M, Bappenas

support)

Provide incentives, dig-

italize MoU processes,

reduce bureaucracy

Grants awarded,

technopark regulations,

multi-year agreements

Faster approvals, better

coordination

Sustainable gover-

nance, innovation

policy alignment

Community/

MSMEs

Local knowledge, prod-

uct needs, MSME clus-

ters

Participate in training,

co-design solutions,

mentoring

MSME products certi-

fied/labeled, incubation

cases

Increased competitive-

ness of MSMEs, adop-

tion of digital tools

Community empow-

erment, regional

economic growth

Media

Public trust, communi-

cation channels (web-

sites, portals, social me-

dia)

Promote technopark ac-

tivities, disseminate re-

search & innovation

Campaigns, press re-

leases, digital show-

cases

Higher public aware-

ness and engagement

Long-term diffusion

of innovation, stronger

ecosystem visibility

Source: Data processed, 2025.

Step 5: Comparison of Models and the Real

To systematically compare the conceptual model with

real-world practices, institutional indicators were first mapped

to the logic model framework. Table 6 summarizes key inputs,

outputs, and outcomes from the three technoparks, providing

an empirical snapshot of their initiatives. Building on this evi-

dence, Table 7 contrasts the ideal expectations with observed

practices, identifying root causes of the gaps and proposing

feasible changes with clear ownership and timelines.

Step 6: Changes that are Systematically Desirable

and Culturally Feasible

Step 6 in the Soft System Methodology explains

8
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the process of implementing systematic changes that are

both culturally feasible and technically necessary, so that

technoparks can function more effectively. Implementation

of a technopark in the systematically desirable step includes:

(a) a startup incubator with access to investors and global mar-

kets, (b) research collaboration with joint research between

campus and industry, (c) communication between actors

through a technopark information system based on digital

platform, and (d) media promotion to brand the technopark

through social media & public events.

Table 6. Inputs, Outputs, and Outcomes of Technoparks (Logic Model Basis).

Institution Inputs Outputs Outcomes

USK (Aceh)
Career Development Center;

Community service programs

1,000 labeled products; 70 research

projects; 35 community services

Upgraded MSMEs; graduates

absorbed by industries

PNP (West

Sumatra)

Research & Community Ser-

vice Center; IP registration sup-

port

41 IPs; 56 MSMEs mentored; 24 MoUs
Increased competitiveness;

stronger industry networks

Tel-U (West Java)
BTP incubation curriculum;

iGracias LMS

10 startups/year; integrated OBE cur-

riculum

Startups scaled; curriculum

aligned with industry

Source: Data processed, 2025.

Table 7. Comparison of Ideal Model and Observed Practices.

Ideal (Concept) Observed (Practice)
Root Cause (from

Interviews)
Feasible Change Owner Timeline

Fast MoU/MoA

MoU takes 2 weeks and

possibly more (USK,

PNP)

Long bureaucracy; cau-

tious industry partners

Digitalized MoU work-

flow; flexible SOPs

University +

Government
Short-term

Consistent

funding

Delays & lack of conti-

nuity

Reliance on grants, CSR

sporadic
Multi-year agreements

Government +

Industry

Medium-

term

Industry as

strategic partner

Industry treats collabo-

ration as CSR duty

Weak incentives; no co-

funding
Matching fund schemes

Industry +

Universities

Medium-

term

Integrated

knowledge

sharing

Fragmented initiatives

across faculties

Weak coordination;

adaptation barriers

(Tel-U lecturers)

National Technopark

Network
Ministries Long-term

Source: Data processed, 2025.

Culturally feasible means that the proposed changes

must be socially and culturally acceptable to the actors in-

volved. In this step, the implementation of a technopark

includes: (a) a startup incubator with locally adapted incuba-

tion curriculum in learning process, (b) research collabora-

tion by adjusting the mechanism so that campus bureaucracy

does not become burdensome, (c) communication between

actors using digital training for MSMEs and regional staff,

and (d) media promotion that raises local values so that they

can be accepted by society.

The findings suggest three desirable changes:

1. Strengthening trust-based collaboration through flexi-

ble Memorandum of MoU/MoA processes and person-

alized approaches, particularly for Micro, Small and

Medium Enterprises (MSMEs).

2. Expanding incubation programs to bridge the gap be-

tween research and commercialization

3. Enhancing the role of media as a knowledge diffuser,

ensuring community-level awareness and adoption of

innovations.

Step 7: Action to Improve the Problem

This stage focuses on real actions taken to fix com-

plex problems and involves many stakeholders, such as in

technopark management and how the system works. To

ensure effective execution, several systematic steps are un-

dertaken: (a) concrete steps to reduce system bottlenecks,

improve process deficiencies, improve collaboration between

actors, and implement new, more effective and efficient sys-
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tems.

Systematic steps for technopark action are: (a) identify

key issues within the technopark, (b) determine desirable

and feasible changes (from the previous stage), (c) design

specific actions based on these changes, (e) involve stake-

holders in planning and implementation, (f) implementation

in stages and be measurable, and (g) evaluate results and

adapt strategies.

Evidence from the interviews suggests that the tran-

sition from conceptual models to practical actions is al-

ready underway, as universities and technoparks have be-

gun implementing CKC and Pentahelix based initiatives to

strengthen innovation, entrepreneurship, and community em-

powerment.

Table 8 presents a comparative overview of the Pen-

tahelix implementation. Several important patterns emerge

that require further explanation. These are outlined in the

following points.

Table 8. Implementation Pentahelix.

Pentahelix USK PNP Tel-U

Academia

70 research projects, 35 community ser-

vice programs (last 3 years), Career De-

velopment Center (CDC) linking stu-

dents, alumni, and industry

15 research projects, 18 internal

grants, Registered 40+ intellec-

tual property rights (last 2 years).

100% digital learning, OBE

Industry MoU/MoAwith banks & PLN
24 formalized partnerships (last

2 years).

FGD with industry for new cur-

riculum

Government
Support from Bappenas, rector regula-

tions
PNP strategic plan, P3M

Support from Ministry of Educa-

tion and Culture & digital regula-

tions

Community
Empowered villages inAceh Besar, 1,000

labeled products
56 guided MSMEs

Student business incubation at

BTP

Media USK website, collaboration portal
PNP website, lecturers/students’

social media

iGracias portal, online thesis de-

fense system

Source: Data processed, 2025.

Universitas Syiah Kuala-Aceh

1. Established the Career Development Center (CDC) to

connect students, alumni, and industries with the job

market.

2. Initiated an entrepreneurship program targeting 1,000

product labels to strengthen the branding and competi-

tiveness of local businesses.

3. Collaboration with government agencies and bank-

ing institutions enhanced funding and sustainability

of these initiatives.

Politeknik Negeri Padang-West Sumatera

1. Registered over 40 intellectual property rights in the

last two years.

2. Developed structured MSME mentoring programs,

with 56 MSMEs supported to improve capacity and

competitiveness.

3. Formalized 24 cooperation agreements with external

partners.

Telkom University Bandung-West Java

1. Curriculum Transformation: Entrepreneurship-

oriented curriculum integrating design thinking, cre-

ativity, innovation, and entrepreneurship courses, de-

signed to prepare students for business incubation at

Bandung Techno Park (BTP).

2. Business Incubation: Early-stage entrepreneurial train-

ing (semesters 1–5) followed by incubation programs

in semester 6, complemented by cross-faculty collabo-

ration to support idea execution and commercialization.

The Bandung Techno Park Incubation Program (BT-

PIP) is an exclusive six-month incubation program,

available not only to Telkom University academics

but also to the general public looking to develop their

businesses. This program focuses on helping startups

grow faster through market projections, profit poten-

tial, and sustainable business strategies. Generally,

10
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startups participating in BTPIP are entering the growth

stage and require more intensive mentoring. BTPIP

participants will receive a variety of excellent facili-

ties, including bootcamps, mentoring, coaching clinics,

demo days, business matching, and access to an exten-

sive business network. To join BTPIP, there are sev-

eral activities to do, such as: prospective participants

can register through the link on the website, and will

undergo a selection process based on predetermined

criteria. Startups that pass the selection process will be

selected among the 10 selected participants each year

and have the opportunity to participate in the entire in-

cubation program. The programs and services related

to Bandung Techno Park’s activities include recruit-

ing tenants or startups for a one-year period through

business incubation. BTP also provides space and sup-

porting facilities for tenants and new startups that do

not yet have their own offices, through rental office and

virtual office programs. Furthermore, BTP also pro-

vides counseling for the implementation of Intellectual

Property Rights (IPR) programs within the Intellectual

Property Rights Center program. Besides that, BTP

also carries out innovation development and research

on the implementation of Big Data, software, and hard-

ware for tenants and companies, both internally and

externally, and all related stakeholders within the Big

Data Consulting, Software Development, and Hard-

ware Development programs.

3. Industry-Linked Collaboration: Development of new

concentrations such as Machine Learning in Business

through industry-focused FGDs, ensuring curriculum

relevance to market and industrial needs.

4. Discussion

The findings of this study show that the technopark

in Indonesia serve as an important platform for University–

Industry Collaboration (UIC) through the use of CKC and

the Pentahelix model. This result aligns with previous stud-

ies [14–16], which highlight that collaborative knowledge cre-

ation and the Pentahelix approach play a crucial role in

expanding networks, fostering innovation, and supporting

community-based development. Initiatives such as Bandung

Techno Park (BTP) at Telkom University, MSME mentor-

ing program at PNP, and the career center program at USK

demonstrate how CKC practices can bridge the gap between

academia and industry. These findings further strengthen the

argument of [12, 20, 21, 23] that technoparks act as knowledge

integration mechanisms, enabling innovation to move from

ideas into commercialization.

In addition, the study [25] on electric vehicle (EV) tech-

nologies emphasizes that large-scale innovations can only

thrive when supported by multidimensional evaluations.

Similarly, both technopark development and EV advance-

ment highlight the urgency of collaborative innovation across

multiple stakeholders to achieve sustainability. The study

points out that individuals must possess digital literacy and

awareness to fully participate in modern society [26]. This

perspective is highly relevant to technoparks, as their success

depends not only on infrastructure and policy support but

also on the readiness of human resources who are digitally

literate, critical, and adaptive. Therefore, technoparks play a

dual role, acting as catalysts of innovation while also foster-

ing digital awareness as a key competence to face ongoing

technological transformation [3, 4, 9].

5. Conclusions

This study shows how CKC, integrated with the Pen-

tahelix framework, enables technoparks to function as in-

clusive platforms bridging academia, industry, government,

communities, and media. The originality lies in combining

systemic analysis with multi-stakeholder collaboration, an

approach rarely applied in technopark research. The find-

ings offer practical recommendations, including digitalizing

MoU/MoA processes to reduce bureaucratic delays, estab-

lishing multi-year funding schemes for research continuity,

and fostering cross-faculty incubators that connect academic

outputs with industrial and MSME needs. These contribu-

tions extend the literature on innovation ecosystems while

providing policymakers, universities, and industries with ac-

tionable strategies to strengthen cooperation, enhance gradu-

ate competencies, and drive sustainable community-based

development.

This research is limited by its focus on three case in-

stitutions and qualitative interviews, which were conducted

using purposive rather than systematic sampling. Quantita-

tive indicators were available only in selected cases (e.g.,
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intellectual property registrations, MSME mentoring activi-

ties, and startup counts). Future research could expand the

scope to additional provinces, employ mixed-method ap-

proaches such as surveys or econometric analysis, and track

long-term outcomes, including job creation, revenue growth,

and regional competitiveness indices.
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