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The rapid shift toward sustainability and Industry 4.0 challenges vocational higher education
institutions (VHEISs) to stay relevant and responsive to employers' demands. However, the
persistent gap remains between educational outcomes and industry needs. This study explores
integrating collaborative knowledge creation (CKC) with the pentahelix framework to
strengthen partnerships in VHEISs in Indonesia. Using the Soft Systems Methodology (SSM),
this qualitative research involved case studies at two state vocational higher
education/polytechnics in Java and Sumatra. Data collected through participatory
observations, interviews, and document analysis revealed that CKC processes externalizing,
interpreting, negotiating, and synthesizing knowledge play a crucial role in co-developing
curricula, fostering institutional agility, and aligning education with labor market needs. The
pentahelix model (academia, government, industry, media, and society) has enhanced
collaboration in teaching, research, and service, though barriers such as information
asymmetry and weak governance remain. The study contributes a CKC-pentahelix integration

model and offers strategies for institutionalizing adaptive collaboration.

1. INTRODUCTION

As global attention to sustainable development intensifies,
education is increasingly recognized as a cornerstone for
achieving social equity, economic resilience, sustainable
development in general [1, 2]. Within this paradigm,
sustainable education emerges as a transformative approach
that prepares learners not only with technical skills but also the
capacity for critical thinking, adaptability, and collaborative
problem-solving. It envisions learning ecosystems that

continuously  evolve, where knowledge creation,
collaboration, and inclusivity drive long-term societal
resilience.

Within this context, Vocational Higher Education

Institutions (VHEISs) are increasingly required to evolve from
skill providers into innovation hubs that anticipate industry,
labor, and societal needs. The transformation of VHEISs,
therefore, is not only a response to industrial disruption but
also a critical component of sustainable development, linking
education to innovation and inclusive growth [1, 3, 4]. The
Fourth Industrial Revolution demands that VHEIs move
beyond supply-driven models toward adaptive, innovation-
oriented governance. Mere job-role training is inadequate in
an era defined by lifelong, cross-disciplinary learning.

In Indonesia, vocational education is positioned as central
to its 2045 development vision, aimed at fostering inclusive
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growth and global competitiveness. However, persistent
systemic gaps remain. Marked misalignment exists between
graduate outcomes and labor market needs, reflected in the
higher unemployment rates of vocational graduates compared
to their academic counterparts, indicating fundamental issues
in curriculum design, stakeholder collaboration, and policy
execution [5].

Globally, innovative frameworks like collaborative
knowledge creation (CKC) and the pentahelix model have
emerged to bridge education and innovation systems. CKC
organizational knowledge theory conceptualizes learning as a
dynamic, iterative process involving externalization,
interpretation, negotiation, and synthesis [6-8]. This
framework is especially relevant to vocational education,
which integrates tacit industrial know-how with formal
academic content. Meanwhile, the pentahelix model
complements CKC by institutionalizing collaboration among
academia, industry, government, civil society, and media [9,
10]. Its inclusive structure supports the development of
responsive curricula and socially embedded research [4, 11-
14]. These frameworks operationalize the principles of
sustainable education, fostering adaptive, inclusive, and
innovation-driven learning systems that align with the broader
goals of sustainable development.

Previous studies have emphasized that CKC plays an
important role in transforming organizational agility and
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performance [15-18] and in improving student competence
[3]. In an environment of uncertainty, knowledge creation
becomes more meaningful when carried out in a collaborative
system [19-21]. Despite the promise of both models, their
integrated application in vocational education governance
remains limited. Therefore, this study aims to address a gap in
the literature by synthesizing CKC and pentahelix into a
hybrid governance model appropriate for the Indonesian
socio-cultural context. Using the Soft Systems Methodology
(SSM) [22-25], the research navigates institutional
complexity, stakeholder dynamics, and context-sensitive
reforms, offering practical insights for reimagining
governance innovation within VHEIs.

The urgency of this research is underscored by policy
momentum. The Ministry of Education, Culture, Research,
and Technology (MoECRT) has articulated a renewed vision
for vocational transformation, emphasizing industrial
relevance, ecosystem integration, and cross-sectoral
partnerships [2, 14, 26]. However, as this study demonstrates,
implementation has remained fragmented, with collaborative
initiatives often ad hoc, dependent on personal networks, and
lacking sustainability. The absence of institutionalized
frameworks for knowledge co-creation and multi-stakeholder
engagement severely limits VHEIs' potential to contribute
meaningfully to national innovation and human capital
development goals. Considering these challenges and
opportunities, this study is guided by the following research
questions:

1) How do CKC processes support stakeholder
collaboration in vocational higher education settings?

2) How is the pentahelix framework operationalized to
enable sustainable partnerships among VHEIs and
external actors?

3) What are the structural, cultural, and strategic

enablers and inhibitors in integrating CKC and
pentahelix into vocational education governance?

By investigating these questions through comparative case
studies of two state VHEIs in Indonesia (Java and Sumatra),
the study offers several key contributions. First, it proposes a
theoretically grounded yet empirically informed hybrid
framework for stakeholder governance in vocational
education. Second, it advances methodological innovation by
applying SSM to capture the nuances of institutional dynamics
and stakeholder interplay in education reform. Third, it
provides actionable insights for practitioners and
policymakers on how to design, institutionalize, and scale
contextually adaptive, socially inclusive collaborative
governance models.

The relevance of this study extends beyond Indonesia. As
emerging economies around the world grapple with the
challenges of skilling their populations for uncertain futures,
the need for integrative, collaborative, and locally attuned
education governance models is more critical than ever. By
demonstrating how CKC and the pentahelix can be effectively
woven into the institutional fabric of VHEIs, this research
contributes to the global discourse on how vocational
education can become a catalyst for innovation, resilience, and
inclusive development.

2. LITERATURE REVIEW
2.1 Vocational higher education

Vocational higher education (VHE) is a form of tertiary
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education that combines advanced theoretical knowledge with
occupation-specific  practical ~ skills  through  close
collaboration with industry, work-based learning, and
competency-oriented curricula, with the primary goal of
preparing graduates for professional practice and enhancing
employability in specific sectors of the labor market [27, 28].
VHE refers to tertiary-level education designed to develop
advanced vocational competencies, professional expertise,
and industry-relevant knowledge through the integration of
academic learning and practical workplace experience,
enabling graduates to meet evolving labor market demands
and transition effectively into skilled employment. Current
trends in education suggest that combining seemingly
different competencies and skills can generate distinctive
profiles with high employability [29-31].

The implementation of VHE refers to the systematic process
of designing, delivering, and evaluating tertiary-level
educational programs that integrate academic knowledge,
technical competencies, industry-based learning experiences,
and employability skills to prepare graduates for professional
practice and the evolving demands of the labor market.
Effective implementation involves competency-based
curricula, close collaboration with industry partners, work-
integrated learning, digital and technological adaptation,
continuous quality assurance, and alignment with national and
global workforce standards [32, 33].

The implementation of VHE is the coordinated application
of policies, curricula, teaching and learning strategies, industry
partnerships, and assessment systems that combine theoretical
knowledge with practical occupational competencies to
produce highly skilled, adaptable, and employable graduates
capable of responding to technological change and global
labor market demands [34, 35]. In this situation Educational
Challenges Globalization has transformed economies through
rapid technological advancement, digitalization, international
competition, and increased workforce mobility. In this
context, the role of VHE is crucial, as it equips learners with
specialized technical expertise and transferable skills required
in a global knowledge economy. Beyond technical skills, VHE
fosters competencies such as: critical thinking and problem-
solving; creativity and innovation; communication and
collaboration; digital literacy; adaptability and lifelong
learning [36-38].

2.2 University—industry collaboration

In the era of globalization, a nation's main resources are no
longer just capital and natural resources, but also knowledge,
innovation, and the ability to adapt to technological change. In
higher education, especially VHE, it is expected not only to
produce graduates who are ready to work, but also to create
solutions, innovations, and new knowledge in collaboration
with industry [38, 39]. Recent research shows that university—
industry collaboration brings direct benefits, such as
innovation, technology transfer, and improved graduate
competencies, as well as indirect benefits, such as knowledge
networks and opportunities for ongoing collaboration. From a
21st-century education perspective, collaboration is a way to
develop skills in critical thinking, complex problem-solving,
creativity, communication, digital literacy, and lifelong
learning [40, 41].

2.3 Collaborative knowledge creation

Academic knowledge (research-based knowledge) meets



practical industry knowledge (practice-based knowledge) to
develop solutions, innovations, technologies, or business
models that are valuable to both sides and becomes important.
The concept of CKC emerged from organizational knowledge
creation theory and collaborative learning [6,42]. Today, CKC
is no longer just about sharing information, but a joint process
of generating new knowledge, innovative solutions, and
collective understanding that individuals cannot achieve on
their own [43, 44]. CKC is the process of creating new
knowledge through active interactions among various actors
(universities, industry, government, students, and the
community) who share experiences, expertise, data, and
resources to develop innovations that cannot be achieved
individually. The process in which participants share
information, refine ideas, and build collective knowledge
through ongoing social interaction and collaboration with
other parties [45, 46].

2.4 Pentahelix

The pentahelix model is a multi-stakeholder collaboration
framework that promotes harmony among diverse actors in the
execution of programs and initiatives, thereby ensuring
alignment with established objectives, targets, and expected
outcomes [47]. Initially employed to examine issues related to
economic development, management, and tourism, the model
has gradually evolved into a widely adopted analytical
framework for addressing challenges in political, social,
cultural, environmental, defense, and security contexts [48].
This framework is built upon the active participation of five
principal stakeholder—academia, business, community,
government, and media (ABCGM)—whose collective
engagement supports effective governance and innovation
processes [49].

Therefore, the success of policy implementation is strongly
influenced by the extent to which these stakeholders can
develop and sustain productive collaboration and mutual
harmony. Carayannis et al. [50] conceptualized helix-based
models as innovation ecosystems in which knowledge creation
arises from interactions among multiple societal actors rather
than from a single institution or sector. pentahelix is multi-
actor collaboration framework that facilitates knowledge
sharing, innovation development, policy implementation, and
sustainable problem-solving by leveraging the complementary
roles of academia, business, government, community, and
media.

The pentahelix model establishes a collaborative multi-
actor ecosystem that supports knowledge co-creation in higher
education by involving academia, industry, government,
community, and media. In this framework, knowledge is
generated collectively rather than independently, emerging
from ongoing interaction, information exchange, and
collaborative problem-solving among the stakeholders.
Universities function as integrators of scientific knowledge,
while industry provides applied and technological expertise.
The government provides regulatory and policy direction, the
community offers contextual and experiential insights, and the
media plays a key role in disseminating knowledge.
Consequently, CKC serves as a fundamental mechanism that
enables higher education institutions to strengthen innovation
capacity, improve graduate employability, and respond
effectively to the challenges of the twenty-first-century global
knowledge-based economy.
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2.5 Multi-Helix Innovation System

A Multi-Helix Innovation System is a dynamic, multi-actor
framework in which universities, industry, government, and
additional societal subsystems such as civil society, media,
culture, and the environment interact to co-create knowledge,
foster innovation, and support sustainable socio-economic
development through continuous exchange of resources, ideas,
and competencies [51].

The Multi-Helix Innovation System is a collaborative
network of societal actors who work together to produce
innovation and knowledge, with universities, industry, and
government supported by society, media, and environmental
systems to solve complex challenges. For details of Multi-
Helix Innovation Systems, there are several characteristics,
such as multi-actor collaboration (beyond 3 actors),
knowledge co-creation and exchange, networked innovation
ecosystem, integration of academic and practical knowledge,
sustainability orientation (especially in Quintuple Helix), and
strong role of digital and social systems [52]. The relationship
between Multi-Helix Innovation Systems and CKC is that the
former provides the structural ecosystem. In contrast, CKC
represents the dynamic process through which knowledge is
jointly produced, shared, and applied within that ecosystem,
particularly in VHE [53, 54]. In multi-helix systems,
knowledge is created through continuous feedback loops
among actors, cross-sector collaboration, shared problem-
solving environments, and hybrid institutions [55-57].

2.6 Soft Systems Methodology

SSM is an action-oriented, participatory systems approach
used to explore, structure, and improve problematic real-world
situations by comparing different perceptions of reality and
building models of purposeful human activity systems to
support learning and change [22, 58, 59].

3. METHODOLOGY

This study employs a qualitative research design grounded
in post-positivist philosophy, in which the researcher serves as
the primary instrument for data collection through purposive
and snowball sampling [22, 59-61]. Data triangulation and
inductive analysis are utilized to ensure contextual depth and
analytical rigor. Central to this inquiry is the application of
SSM, a qualitative framework designed to interrogate
complex, ill-structured problem situations through
participatory and iterative learning processes [22, 25, 59]. This
study uses SSM because it is considered more appropriate
given that the problems occurring in VHEIs have not been
clearly defined, many stakeholders have different
perspectives, and improvements to organizational systems and
processes are needed to produce VHEI outputs that are more
relevant to needs [60, 61].

SSM was operationalized using the CATWOE approach
and its seven-stage process (Figure 1): (1) considering the
problem situation, (2) expressing the situation, (3) defining
purposeful activity systems, (4) constructing conceptual
models, (5) comparing models with real-world conditions, (6)
identifying culturally feasible and systematically desirable
changes, and (7) implementing improvement actions [22, 62-
64]. This methodology facilitates pragmatic interventions in
organizational and community contexts, emphasizing



collaborative learning and stakeholder participation [24].
Field-based data collection aligns with SSM’s iterative
structure, enabling empirically grounded insights into
governance and policy reform [60, 61]. The approach yields
actionable understanding by juxtaposing existing realities with
ideal models to inform transformative change.
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Figure 1. Stages in Soft Systems Methodology (SSM)
Source: Adapted from [22].

This study examines two state VHEIs in Indonesia, one
from Java (Politeknik Negeri Jakarta) and one from Sumatra
(Politeknik Negeri Padang) selected due to their excellent
accreditation and industrial relationships and partnerships
within the vocational education framework. The number of
respondents involved in this study using the interview
technique for two polytechnics, with the criteria that
respondents have duties and functions as leaders, such as: head
of study program, head of department, vice director of the
polytechnic for academic affairs, vice director of the
polytechnic for cooperation and industry affairs, companies
that hire graduates, and alums who have been working in
companies.

The roles of each respondent in this research are: (a) The
head of study program provides information related to student
academics, develops and organizes the curriculum, arranges
student internships, improves the quality and competence of
both students and lecturers, and builds collaboration and
partnerships with the government, institutions, companies, and
the community, (b) The head of department also helps
coordinate collaborations and partnerships for each study
program, creates MoU to be reported to the vice director of
cooperation and industrial relations, (c) The vice director of
cooperation and industrial relations facilitates the approval of
MoU and MoA with external parties for collaborations and
partnerships proposed by the study programs, and (d) The
government, academic institutions, companies, community,
and media respond to the collaboration proposals if accepted
from the polytechnic by signing the MoU and MoA.

The criteria for the research sample are: polytechnics that
have been established for more than 20 years, have a student
body of over 7,000 people, offering programs such as diploma,
applied bachelor's, and applied master's programs, have
excellent institutional accreditation, show an increasing
number of industry partnerships and collaborations each year,
have graduates who are absorbed to work in
companies/industries, and graduates are employed within no
more than three months after being declared graduated.

The reason for choosing PNJ and PNP in this research is
that PNJ is the best polytechnic in Indonesia according to the
QS Asia University Rankings 2024, and has just made history
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after successfully entering the university rankings list by
Quacquarelli Symonds (QS). The PNJ has held excellent
academic accreditation from the Indonesian national
accreditation body since 2024. Meanwhile, PNP has once
again recorded a remarkable achievement. In the 2025/2026
academic year, the number of applicants to the largest
vocational campus in West Sumatra reached 27,657, the
highest number in history. At the same time, PNP ranked
second among the top 10 national polytechnics in the July
2025 Webometrics ranking.

Data collection employed participatory observation, in-
depth interviews with institutional leaders (Head of study
program, Head of department, Vice director for industrial
relations and cooperation), document analysis, enabling
insights into curriculum implementation and stakeholder
involvement in curriculum development. Key stakeholders
included academics, industry practitioners, alumni, and
professional associations. Data was gathered through direct
methods (observations, interviews) and indirect sources
(literature, institutional documents), ensuring richness and
contextual accuracy within naturalistic settings.

Implementation interviews for each polytechnic involved
the head of the study program, the head of the department, and
the vice director for industry relations and cooperation, and
were conducted in a hybrid format. The details of information
about the research object are as follows: (a) For PNJ,
interviews were conducted in person with a set of questions
tailored to each person based on their duties and functions.
Meanwhile, for PNP, interviews were conducted in a hybrid
format, except for the head of department, who was
interviewed in person. (b) Interview timing was arranged
through written interviews (PNP) and in-person interviews at
PNJ, with a maximum duration of 2 hours per interviewee.

The observation period ran from August 2024 to July 2025.
The documents observed included: university accreditation,
curriculum, number of new student applicants, number of
institutional achievements, number of industry relations and
collaborations in education and teaching, research, and
community service, which are established with the
government, institutions, companies/industries, communities,
and the media as a realization of the implementation of the
CKC and pentahelix concept.

The analysis followed qualitative data reduction and
presentation techniques, with findings verified via
methodological triangulation. The SSM guided the analytical
process, incorporating the CATWOE framework: Customer,
Actors, Transformation process, Weltanschauung, Owner, and
Environmental constraints to evaluate efficacy, efficiency, and
effectiveness of institutional collaborations [22, 59, 62-64].
This approach enabled a systemic understanding of complex
educational processes across seven iterative SSM stages,
enhancing the validity and reliability of findings. By
integrating multiple perspectives and contextual factors, the
study provides a comprehensive model for analyzing VHE
partnerships, ensuring outcomes are both credible and
actionable within dynamic educational and industrial
environments.

The documents that were analyzed include: the curriculum
used by the study program, the types and amount of research
offered to lecturers and students, the patterns of community
service carried out by lecturers, as well as forms of
collaboration with external parties related to education and
teaching, graduate employability in the industry, research, and
community service.



Figure 2 explains the CKC and pentahelix in building
cooperation patterns in VHE in Indonesia (Java and Sumatra).
Table 1 explains the third stage in SSM, namely the root
definition (RD) for CKC and pentahelix in improving
cooperation models in VHE.

|
|

Disruption era,
Globalization, Information
Technology

Partnership in vocational
higher education

——-{ Soft System Methodology ]4———

Pentahelix: Institution, 1 ( Collaborative Knowledge
government, industry, J L Creation

Figure 2. Rich picture building partnership through
collaborative knowledge creation (CKC) and pentahelix in

vocational education
Source: Author, 2025.

J

media, community

Table 1. Root definition (RD) building cooperation through
collaborative knowledge creation (CKC) and pentahelix
between two vocational higher education (VHE)

RD Process System
Enhancing policy
ownership in vocational
Policy formulation higher education requires
involves fostering strengthening interaction at
synergistic the externalizing stage to
collaboration across reduce information
RDI pentahelix actors to asymmetry, enabling full
institutionalize implementation of CKC
collaborative processes and pentahelix

elements in formulating
collaborative governance
frameworks across
institutional networks in
Java and Sumatra.
Source: Authors, 2025.

knowledge creation
in vocational
education.

In Table 1 regarding the RD, the CKC and pentahelix
concepts applied in Polytechnic in Java and Sumatra are
measured based on the results of the rules and policies of the
cooperation patterns that have been built, and whether they
have delivered on the initial plan before the activity was
carried out. Furthermore, Table 2 explains the CATWOE and
3E processes for the field of cooperation at these two
institutions in CKC and pentahelix efforts.

How changes occur from the collaboration process carried
out with external partners implemented by VHE in Java and
Sumatra, such as academic/institution, government,
industry/company, media, and community, by considering the
application of the concept of CKC and pentahelix can be
explained in Figure 3.

The polytechnics, as VHEIs in Java and Sumatra, have
implemented comprehensive partnership models with external
stakeholders, including government, industry, media,
academic institutions, and local communities [65-67]. These
collaborations extend beyond academic initiatives to
encompass joint research and community service programs.
Notably, the polytechnic in Java has established structured
learning collaborations with state owned enterprises,
multinational firms, and national industries [68, 69]. In
addition, academic partnerships have been forged with
universities across Indonesia and Southeast Asia. In the
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domain of research and community engagement, both
institutions collaborate actively with local governments,
reinforcing their roles as ecosystem actors within the
pentahelix framework of innovation-driven vocational
education [70, 71].

TRANSFORMATION OUTPUT
' s Enhancing vocatio
demand a per

approach

must intergra
a ustry collaboration
through intemship, exchange, joint
research, and practioner-led
programs aligned with sociental
needs.

-

[ Polytechnics a vocational higher education in Java and Sumaira in fosiering an organizational culture of discipline and commitment fo }

parthnership, e
and techno ©

strengthen ins .
media collaboration

)

government, media, and society,
formalized via Molls and MoAs.

3

strengthen collaboration with domestic and international institutions, government, and media through education and research.

Figure 3. Collaboration process using the implementation of
the collaborative knowledge creation (CKC) and pentahelix

concepts in polytechnic in Java and Sumatra
Source: Author, 2025.

Table 2. CATWOE and 3E for partnership using the
concepts of collaborative knowledge creation (CKC) and
pentahelix in vocational higher education (VHE) in Java and
Sumatra

Director, Vice Director for Cooperation,
Lecturer, Government, Industry, User, Media
and Community.

Director, Vice Director for Industrial
Partnership, and Lecturer.
Externalizing and sharing in overcoming the
challenges of information asymmetry
between education providers.

The exchange of information among
organizers is important for developing
strategies to strengthen the organization's
dynamic capabilities.

Director, Vice Director for Industrial
Partnership, Lecturer.
Constraints in the limited time and budget
available, the organizational culture of the
polytechnic as well as the needs of different
industries and companies, the role of
government, the type of media and the
characteristics of the community.
Existence, externalizing, and sharing to
overcome the challenges of information
asymmetry in the cooperative network of
polytechnic institutions with external
relations coming from government, industry,
media, and community.

Use resources, such as funds and equipment,
to carry out cooperation programs
effectively, have agreements with external
forces (government, industry), and secure
media partner support.

Achieving an increase in institutional
cooperation networks with external parties of
the polytechnic in Java and Sumatra, who
have agreements such as an MoU and are
implemented with MoA.

Customers

Actors

Transformation

Worldview

Owner

Environment

E-Efficacy

E-Efficient

E- Effective

Source: Authors, 2025.

4. RESULTS AND DISCUSSION
4.1 Results

In terms of research and community service (RCS) funding,



VHE in Sumatra reported 4 research titles funded internally
and 15 funded by external grants. Community service
activities received internal support for 18 titles and external
funding for four. At the polytechnic in Java, there were 25
internally funded research titles, while community service
projects included 13 internally funded and two externally
funded titles.

The types of RCS schemes vary across institutions. In
Sumatra, research grants were distributed through schemes
such as Excellent Applied Research, Junior Lecturer, and
Doctoral and Master's degrees. In Java, internal research
schemes included Beginner Lecturer, Doctoral Assistant,
Economics-Business-Humanities, and International
Publication, with four titles related to student final project
assistance. Community service schemes included society-
based, competency-based, and international community
service, while two externally supported schemes involved
Matching Funds and Innovation.

Regarding RCS collaboration processes, VHE in Sumatra
requires lecturers and students to involve partner institutions
that must commit to the collaboration. If agreed, proposals are
submitted to Research and Community Service or the
Cooperation unit, followed by the drafting of an MoU or a
MoA, as necessary. Both parties sign joint agreements, with
the MoU process typically taking two weeks. Obstacles
include delays in obtaining partner signatures and low
responsiveness from some industry partners who view the
activity as corporate social responsibility (CSR) only and not
mutually beneficial. Institutional collaboration extends to
broader stakeholder networks. In Sumatra, there were 24
cooperation agreements over the past two years with
government bodies, institutions, associations, media, and the
community. The Department of Business Administration
engaged with 56 micro-, small-, and medium-sized enterprises
(MSME?s) or regional entities to utilize research and service
outputs. Results were disseminated through institutional
websites, department portals, lecturer-selected online media,
and student social media accounts.

VHE in Java, collaboration supports the learning process
through partnerships with local city governments (Depok,
Demak, Pekalongan) and with Management Science
University, according to the Ministry of Tourism, the Ministry
of Trade, and the Judicial Commission. Academic associations
such as Content Creators, Professional and Industry
Association, and the Translators Association have also
contributed to learning enhancement. International service
was conducted with the Indonesian School of Kuala Lumpur
(SIKL), and domestic engagement involved cities such as
Aceh, Bali, Depok, Bogor, Subang, Bandung, Demak, and
Pekalongan.

In terms of promotion, both polytechnics, as VHEIs, rely on
centralized systems supported by the Public Relations Unit.
Study programs complement this by providing program-
specific updates. Curricular and extracurricular information is
disseminated via internal channels (social media, WhatsApp,
memos, digital flyers) and external platforms (websites,
banners, TikTok, Instagram). The media, print, digital, and
social media play a crucial role in ensuring rapid, targeted, and
inclusive information flows for vocational advancement.

4.2 Discussion

CKC is increasingly recognized as a core competency for
both higher education institutions and the 21st-century
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workforce [6, 71]. Simultaneously, the pentahelix model, an
expansion of the Triple Helix, offers an inclusive governance
framework involving five key stakeholders: the public sector,
private sector, academia, civil society, and social
entrepreneurs. This integrated model has been implemented in
VHE to align academic content with industrial demands and
technological shifts [72].

Based on interviews with institutional leaders of VHE in
Java (PNJ) and West Sumatra (PNP), building partnerships
and aligning curriculum with job qualifications have become
institutional imperatives. Regular workshops with industry,
associations, and practitioners are held to co-develop curricula
that respond to labor-market needs. These efforts ensure that
teaching content is creative, innovative, and rooted in real-
world job requirements [9, 73, 74].

The use of SSM in this study facilitates culturally feasible
and systemically desirable change. In line with Law No.
12/2012 on the National Qualifications Framework (NQF),
curriculum development includes pre-workshops involving
lecturers, practitioners, and association experts to map job
positions to learning outcomes. These discussions ensure
curricular content mirrors current industry expectations and
standards.

CKC serves as the cognitive backbone of this process. As
articulated [3, 6, 16, 75, 76], the CKC process unfolds in four
stages: externalizing and sharing, interpreting and analyzing,
negotiating and revising, and combining and creating [56, 77].
This framework is embedded into curriculum building,
ensuring iterative, inclusive development [19, 65, 66, 78, 79].

The pentahelix model further supports collaborative
implementation by  establishing partnerships across
institutions, government, industry, media, and community
stakeholders [1, 3, 80, 81]. Dissemination of curriculum
outcomes is conducted through institutional platforms and
digital media [9, 13].

In SSM’s final stage, action is taken to resolve core
problems. Each study program is required to evaluate
partnerships annually, involving feedback from companies,
associations, media, and communities [57, 68, 69, 75].
Sustaining these partnerships is essential for ensuring
institutional responsiveness and vocational relevance [14, 71,
82-85].

5. CONCLUSION

This study identifies critical gaps in integrating CKC with
the pentahelix model within VHEIs. Institutions lacking
knowledge-based governance frameworks often fail to
cultivate internal human capital, limiting organizational
dynamism and innovation, the core concern of CKC theory.
Moreover,  vocational  institutions  rarely = possess
comprehensive strategies for aligning infrastructure and
human resources with innovation mandates. A structural
disconnect also persists between partnership policies and their
actual outcomes, hindering the conversion of collaboration
into impactful innovation, as noted in critiques of the
pentahelix model.

Despite nominal adoption, the pentahelix has yet to yield
substantial innovation with economic value, and CKC remains
marginally applied. These limitations curtail VHEIs'
transformative capacity to serve as innovative ecosystems.
Three policy recommendations are proposed: First, VHEIs
must adopt agile governance that can respond to rapid



technological shifts. Second, CKC should be institutionalized
as a foundational mechanism for fostering shared knowledge
and sustainable partnerships. Third, the pentahelix must
evolve from a conceptual framework into an embedded
practice of co-creation. When effectively implemented, these
strategies can enhance institutional responsiveness, multi-
stakeholder engagement, and the broader societal value of
vocational education in Indonesia and other emerging
economies.

This study provides new insights into the CKC and
pentahelix literature. However, this study has several
limitations that provide opportunities for further research.
First, the analysis is limited to two state polytechnics in Java
and Sumatra. Although it has implications for global VHEISs,
in some respects, it may limit the generalization of findings to
certain types of vocational education with specific
characteristics. Institutional differences in size, governance
autonomy, and regional innovation ecosystems can lead to
diverse collaborations and knowledge creation. Second, the
qualitative approach provides important contextual insight but
has limitations for quantifying the causal relationships among
CKC, pentahelix collaboration, and VHEI outcomes.

Nevertheless, this study lays an essential foundation for
integrating CKC and pentahelix. Future research could expand
the sample of VHEIs to include both public and private
institutions, thereby enabling cross-comparisons across
regions and institutional types. A mixed-methods approach
could statistically examine how CKC dynamics affect
vocational  education performance and stakeholder
engagement. In addition, integrating digital collaboration tools
into the CKC framework could provide new insights into
adaptive governance and sustainable innovation in vocational
education.
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