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Abstract

The assumption that more frequent industry involvement leads to higher-quality STEM-
integrated learning has positioned industry—-school collaboration as a key component of
vocational education. This study critically examines this linear assumption by revealing a
paradoxical empirical trend using a convergent mixed-methods approach, focusing on how
vocational teachers broker STEM competency development across institutional boundaries.
Quantitative results show that Project-Based Learning (PjBL) efficacy (M = 9.11, SD = 1.40;
82.7%) and partnership quality (M = 9.53, SD = 1.01) are both high. However, their
relationship is weak and not statistically significant (r = 0.044, p = 0.918), indicating that
stronger partnerships do not necessarily improve learning outcomes. Data were collected
from 200 students and 40 stakeholders in eight public vocational high schools in Bandung,
Indonesia. Qualitative data included 34 hours of observations, interviews with 24 key
informants, and document analysis. Reflexive thematic analysis identified three partnership
models: Minimal Direct Involvement, Periodic Evaluation, and Intensive Integrated, each
capable of supporting effective PjBL and contextualized STEM learning. Vocational teachers

act as pedagogical brokers by translating industry standards into learning objectives,
scaffolding application, designing authentic STEM tasks, and facilitating meaning-making.
These mechanisms can partially substitute direct industry involvement. Findings show that
integrated STEM competency development depends more on pedagogical mediation
quality than partnership intensity. Document analysis also reveals a gap between formal
partnership agreements and their implementation in practice.
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1. Introduction

Effective vocational education systems around the world have long been thought to be based on
partnerships between industry and vocational education institutions. In a variety of national contexts, industry
partnership is thought to improve curricular relevance, match training to labor market demands, and promote
more seamless transitions from school to the workplace (Billett, 2011). Important policy models, including
Germany's dual system, are based on this premise, which has been generally accepted in nations looking to
improve vocational education by fostering stronger ties with companies (Li & Pilz, 2023). This reasoning is
backed up in Indonesia by the Link and Match strategy and the Merdeka Curriculum, which both specifically
highlight industry-school collaborations as a crucial tool for enhancing graduate employability. Increasingly,
these partnerships are positioned not only to develop technical skills but also to facilitate integrated STEM
(Science, Technology, Engineering, and Mathematics) competency development a critical requirement as
Industry 4.0 transforms vocational work environments with automation, data analytics, and digital technologies
(Schwab, 2017).

Conceptually, the integration of theoretical knowledge and occupational experience is at the heart of
vocational education. Through participation in real-world work-related tasks, vocational learning necessitates
that students not only gain conceptual comprehension but also build procedural competence, professional
judgment, and occupational identity (Baartman & De Bruijn, 2011; Tynjala, 2008). In contemporary vocational
contexts, this integration increasingly involves applying STEM principles from understanding scientific
processes underlying manufacturing, to utilizing technological tools, to applying mathematical reasoning in
quality control, to employing engineering problem-solving in process optimization (Bybee, 2013; Kelley &
Knowles, 2016). Hence, it is believed that industry-school collaborations offer access to real-world settings,
tools, norms, and social customs that can be difficult for schools to duplicate on their own. Stronger and more
intensive collaborations are frequently associated with better learning quality under this framework. This
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assumption extends to STEM learning, where authentic industry contexts are presumed to provide richer
opportunities for integrated STEM application than school-based simulations can offer (Honey et al., 2014).

Even while industry-school partnerships are widely recognized in vocational education policy and
research, there is still a dearth of empirical data and a lack of theoretical development about the relationship
between partnership quality and pedagogical efficacy, particularly regarding how partnerships facilitate STEM
competency development in integrated, contextualized ways. A linear logic is implicitly adopted by a large
section of the literature now in publication, according to which learning outcomes will correspondingly improve
with greater, more frequent, or more intense industry involvement (Bryson et al., 2015; Hiim, 2022; Kayyali,
2025). Evaluative frameworks that give priority to quantifiable measures like the number of collaborative
activities, the frequency of industry visits, or the volume of partnership agreements reflect this reasoning. The
validity of frequency-based indicators is being questioned more and more by recent comparative and policy-
focused research, which emphasizes relational quality, pedagogical mediation, and contextual alignment as
more significant factors that determine partnership effectiveness in vocational education (Pilz & Regel, 2021; Li
& Pilz, 2023; Cvetkoska et al, 2025). However, these critiques have not sufficiently addressed how STEM
learning which requires integration across disciplinary boundaries and connection between abstract principles
and concrete applications is mediated through different partnership configurations.

But new research in vocational education and workplace learning has started to doubt the suitability of
such linear presumptions. According to studies (Billett, 2001; Tynjald, 2013), learning efficacy depends not only
on exposure to professional contexts but also on how experiences are structured, mediated, and linked with
formal instruction. According to this viewpoint, learning results cannot be fully explained by involvement
frequency alone. Instead, the mechanisms that allow students to understand, appropriate, and transfer
knowledge across institutional borders must be the focus of study. This is particularly critical for STEM learning,
where conceptual understanding must be connected to procedural application, and abstract principles must be
recognized in concrete industrial practices (English, 2016; Stohlmann et al,, 2012).

This criticism is especially pertinent when considering Project-Based Learning (PjBL), which has become
apopular pedagogical strategy in vocational education. PjBL is well known for its ability to help students develop
higher-order skills like problem-solving, teamwork, and critical thinking by involving them in lengthy, real-
world projects (Guo et al., 2020; Kokotsaki et al., 2016). Moreover, PjBL provides natural contexts for STEM
integration, as authentic projects inherently require drawing upon multiple disciplines applying scientific
principles, utilizing technological tools, employing engineering design processes, and using mathematical
reasoning in coordinated ways (Vasquez et al., 2013). PjBL has been shown to improve student motivation,
engagement, and application of information in vocational contexts in numerous empirical research
(Hujjatusnaini et al., 2022). In particular, in situations where learning must bridge school-based instruction and
professional practice, recent PjBL research emphasizes the significance of authentic, boundary-spanning
projects and teacher mediation in fostering transferable competencies aligned with future skills agendas
(Thornhill-Miller et al., 2023). Yet, despite the recognized potential of PjBL for STEM integration, little research
has examined how industry partnerships shape the nature and quality of STEM learning within project-based
vocational education.

Because of this, PjBL efficacy is frequently viewed as pedagogically independent, unrelated to the larger
institutional frameworks in which projects are planned, overseen, and assessed. This is a major gap in the
literature because PjBL is rarely implemented in vocational education independently of industry actors, norms,
and expectations. Therefore, to comprehend how partnerships work with PjBL, one must go beyond
instructional approaches and analyze inter-organizational interactions and boundary-crossing processes.
Understanding these dynamics is crucial for STEM education, as industry partnerships potentially provide
access to contemporary STEM practices, professional standards, and technological tools that may not be readily
available in school settings but are essential for developing relevant STEM competencies (Sanders, 2009).

The integration of STEM in vocational education through industry partnerships takes on added
significance in the context of Industry 4.0, where digital transformation, automation, and data-driven decision-
making are reshaping occupational requirements (Schwab, 2017). Modern vocational graduates need not only
traditional technical skills but also integrated STEM competencies that enable them to work with intelligent
systems, interpret data, understand complex technical processes, and adapt to rapidly evolving technologies.
Industry-school partnerships are often positioned as vehicles for exposing students to these emerging STEM
applications in authentic work contexts. However, the mechanisms through which such exposure translates into
meaningful STEM learning and whether partnership intensity is the determining factor remain underexplored.

To bridge this gap, communities of practice and boundary crossing theory offer potential conceptual tools.
Boundary crossing emphasizes learning processes that take place as people transition between different
institutional contexts and social practices, with a focus on mechanisms including reflection, translation,
coordination, and transformation (Akkerman & Bakker, 2011; Akkerman & Bakker, 2012). These mechanisms
are particularly relevant for STEM learning, where students must navigate between school-based understanding
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of STEM principles and industry-based applications of these principles in complex, integrated ways. According
to communities of practice theory, learning is further conceptualized as engagement in socially situated
practices that help newcomers progressively develop professional identity and competence (Lave & Wenger,
1991; Wenger, 1998). Although these frameworks have been extensively used in research on workplace
learning, there is still little empirical evidence of their use in industry-school collaborations in vocational
secondary education, particularly regarding how boundary crossing facilitates or constrains integrated STEM
competency development.

Furthermore, the individuals who actively mediate learning across boundaries are rarely the focus of
current research, which instead tends to concentrate on structural arrangements. Vocational instructors' roles
have frequently been narrowly conceived as facilitators or implementers of courses that have been externally
designed. Teachers' interpretation, translation, and brokering of industry information in the classroom has
received less attention, even though there is evidence that effective vocational pedagogy relies heavily on
teacher competence and professional judgment (Griffiths & Guile, 2003; Sappa & Aprea, 2014). This pedagogical
mediation may be especially critical for STEM learning, where teachers must translate industry STEM practices
into learning objectives, scaffold students' STEM application across contexts, curate STEM-rich authentic tasks,
and facilitate meaning-making that connects STEM principles with professional practices (National Research
Council, 2011).

This study contradicts prevailing beliefs about industry-school cooperation by identifying a paradoxical
factual pattern. Despite both being regularly ranked at high levels, the study, which uses data from eight state
vocational high schools in Bandung, Indonesia, reveals no significant association between the quality of
industry-school partnerships and the effectiveness of project-based learning (r = 0.044, p = 0.918). Strong formal
partnerships do not always result in more successful pedagogical outcomes, which is what we refer to as a
formalization paradox. This finding has important implications for understanding STEM learning in vocational
contexts: it suggests that the development of integrated STEM competencies encompassing conceptual
understanding, procedural skills, and professional judgment may depend more on pedagogical processes than
on partnership structural features.

Given that partnership quality does not directly predict learning effectiveness, this contradiction poses a
crucial question for research and policy in vocational education: what mechanisms regulate the relationship
between formal collaboration arrangements and classroom-level learning processes, and specifically, how do
these mechanisms facilitate or constrain integrated STEM competency development? In order to answer this
question, it is necessary to reconsider how pedagogical effectiveness is created in vocational settings as well as
how relationship quality is understood.

The current study incorporates various theoretical stances in order to achieve this goal. Rethinking
partnership quality beyond structural measures, social capital theory emphasizes relational and cognitive
aspects including commitment, trust, and mutual understanding (Coleman, 1988; Nahapiet & Ghoshal, 1998). A
lens for comprehending differences between formal organizational configurations and actual practice in
educational institutions is provided by loose coupling theory (Orton & Weick, 1990). To examine how learning
is mediated across institutional borders, boundary crossing and workplace learning integration models are
utilized (Billett, 2006; Tynjala, 2008). Additionally, frameworks from STEM education literature inform
understanding of how integrated disciplinary competencies develop through authentic, contextualized learning
experiences (Bybee, 2013; Kelley & Knowles, 2016).

Four research questions are addressed in this study, which is guided by this integrative framework: (RQ1)
What is the relationship between the success of Project-Based Learning in vocational education and the quality
of industry-school partnerships, and how does this relationship manifest in students' STEM competency
development?. (RQ2) Which forms of partnership practice appear in various situations, and how do these
models influence the educational experiences of students, particularly regarding integrated STEM learning
opportunities?. (RQ3) What processes help or hinder the blurring of boundaries between school-based learning
and industry practice, especially concerning the application and integration of STEM knowledge across
contexts?. (RQ4) In what ways do vocational educators mediate the connection between official collaborations
and regular teaching, and how does this pedagogical brokering facilitate STEM competency development?.

This study aims to provide three answers to these issues. Several partnership practice models that show
several routes to successful vocational learning, including integrated STEM development, are identified
empirically. Theoretically, it develops the idea of vocational teachers as pedagogical brokers who translate
industry STEM practices into learning experiences with dual expertise and rethinks the nature of partnerships.
Practically speaking, it offers an empirically supported basis for context-sensitive partnership policies that give
teacher ability and pedagogical mediation precedence over frequency-based measures of corporate
involvement, with specific attention to how pedagogical processes can effectively facilitate integrated STEM
competency development regardless of partnership intensity.
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2. Method

2.1. Research Design and Rationale

The quality of industry-school partnerships and the efficacy of Project-Based Learning (PjBL) in vocational
education are examined in this study using a convergent mixed-methods methodology. To create a thorough
grasp of complex events, convergent designs gather and analyze quantitative and qualitative data concurrently,
then integrate them during interpretation (Creswell & Plano Clark, 2018; Teddlie & Tashakkori, 2009). When
qualitative insights are required to identify underlying mechanisms and when numerical trends alone are not
enough to explain observed outcomes, this design is especially suitable.

There are theoretical and empirical reasons for selecting a convergent mixed-methods design. The study
first uses quantitative metrics to investigate an expected association between learning efficacy and partnership
quality, while also utilizing qualitative inquiry to examine how partnerships are actually implemented. Second,
initial findings in vocational education environments indicate that different instructional techniques frequently
coexist with formal partnership agreements, suggesting the potential for mediated or non-linear connections.
The detection of convergence, complementarity, or divergence across data strands is made possible by a
convergent design, which permits direct comparison between statistical patterns and actual activities (Fetters
etal, 2013).

The design reflects a pragmatic position that emphasizes methodological pluralism in tackling difficult
educational challenges, rather than favoring one scientific paradigm over another. While qualitative data offers
depth, contextualization, and explanatory power, quantitative data offers breadth and pattern detection.
Therefore, integrating both strands is essential to addressing the research issues of the study.

2.2. Research Context

The study was carried out within the framework of Indonesian vocational secondary education, which has
recently undergone substantial legislative changes intended to improve alignment with labor market demands.
The Link and Match strategy, which encourages vocational schools to work closely with industry partners in
curriculum design, learning implementation, and assessment, lies at the heart of these reforms. With the launch
of the Merdeka Curriculum, industry participation is positioned as a crucial pedagogical resource and flexibility,
project-based learning, and contextualized instruction are further emphasized.

Because schools are rewarded and judged based on their cooperation with industry, this policy context
offers an ideal environment for studying industry-school partnerships. At the same time, there is a natural
variance in how partnerships are implemented due to variations in local variables, including sectoral
peculiarities, teacher capability, and physical proximity to industry. Because of this variability, various
partnership configurations within a common policy framework can be compared.

2.3. Sampling Strategy and Participants

Purposive maximum variation sampling was used to choose eight state vocational high schools in Bandung
City and Bandung Regency. Rather than achieving statistical representativeness, this approach was used to
capture variability in partnership behaviors and contextual variables. The following criteria were used in the
selection process: (1) the presence of active industry partnerships for a minimum of two years, guaranteeing
partnership maturity; (2) the use of project-based learning as a fundamental teaching strategy; (3) diversity in
vocational fields, such as technology, business, tourism, health, and manufacturing; and (4) diversity in
partnership characteristics, such as sectoral demands, industry involvement intensity, and geographic distance.

Two participant groups participated in the study's quantitative component. In order to gather information
on how students view learning procedures and results, 200 Grade XI students first filled out the Project-Based
Learning Effectiveness Scale (SPEBL). Second, 40 stakeholders-including school administrators, PjBL
supervising teachers, industry representatives, and a subset of students-completed the Partnership Quality
Assessment Scale (SPKK). In order to capture partnership quality as an inter-organizational construct rather
than a single-actor impression, a multi-perspective method was chosen.

24 key informants, including 8 principals, 8 vocational teachers, and 8 industry partners, were chosen for
in-depth interviews as part of the qualitative component. Because they were directly involved in PjBL
implementation and partnership coordination, these informants were selected to provide rich, practice-based
insights.

Eight state vocational high schools in Bandung City and Bandung Regency, Indonesia, participated in this
study. Purposive maximum variation sampling was used to choose schools in order to account for variations in
partnership arrangements, contextual factors, and vocational specialties. Active industry relationships, the use
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of project-based learning as a fundamental teaching strategy, and differences in sectoral and geographic
characteristics were among the selection criteria. Table 1 provides a summary of the main attributes of the
participating schools, such as geography, collaboration context, and vocational specialization.

Table 1. Participating School Characteristics

School Expertise Field Industry Partner Location  Distance (km)
State Vocational High School 3 Textile Technology PT Janeela Loji Urban 4.2
Bandung Indonesia

State Vocational High School 4 Information Technology PT Jago Talenta Urban 6.8
Bandung

State Vocational High School 8 Business Management PT Pos Indonesia Urban 3.5
Bandung

State Vocational High School 9 Tourism Best Western Premier Urban 5.2
Bandung

State Vocational High School 11 Chemical Industry PT Chlorine Indonesia Urban 7.1
Bandung

State Vocational High School 15 Health & Social Services Dreamwork Child Care Urban 8.3
Bandung

State Vocational High School 1 Refrigeration PT Daikin Indonesia Rural 35.4
Cihampelas Engineering

State Vocational High School 4 Garment Technology PT Flona Falguni Harsah ~ Rural 28.7
Padalarang

2.4. Instruments

Quantitative data was gathered using two structured tools. The Partnership Quality Assessment Scale
(SPKK) measures five dimensions communication and coordination, trust and commitment, resource sharing,
goal alignment, and adaptability through 35 items on an 11-point Likert scale. These categories, which are based
on partnership literature and social capital theory, represent structural, relational, and cognitive aspects of
collaboration.

Five aspects of student learning experiences are measured by the 28 items that make up the Project-Based
Learning Effectiveness Scale (SPEBL): project authenticity and relevance; student engagement and motivation;
collaborative learning quality; critical thinking and problem-solving; and knowledge application and transfer.
These factors collectively encompass both the process-oriented and outcome-oriented facets of PjBL.

Both instruments have Cronbach's alpha coefficients over 0.97, indicating strong internal consistency.
Strong coherence among the items is shown by high reliability, which validates their usage in this study's
aggregate-level analysis.

2.5. Qualitative Data Collection

To facilitate triangulation, three complimentary methods were used to gather qualitative data. First, 24
key informants participated in semi-structured in-depth interviews. Flexible guides were used during the 45-
60-minute interviews to gather information about participants' experiences forming partnerships,
implementing PjBL, and transferring business methods into educational settings. Participants were able to
express both official and informal arrangements using this style.

Second, 34 hours of organized field observations were carried out in all eight schools. PjBL activities,
teacher-student interactions, industry-derived tasks, and the usage of facilities or artifacts as boundary objects
were the main topics of observation. To guarantee methodical data collection while permitting contextual
sensitivity, observation techniques were employed.

Third, 24 partnership-related documents, such as cooperation agreements, memoranda of understanding,
and learning implementation plans, were subjected to document analysis. Formal partnership pledges and
pedagogical enactment were examined for alignment and misalignment through document analysis.

2.6. Data Analysis and Integration

SPSS version 26 was used to analyze quantitative data. To summarize central tendencies and variability,
descriptive statistics were computed. Cronbach's alpha coefficients were used to evaluate instrument reliability,
and normality assumptions were checked before inferential analysis. The association between partnership
quality and PjBL efficacy at the school aggregate level was investigated using Pearson correlation analysis.

A six-phase process familiarization, first coding, topic formulation, theme review, theme definition, and
analytical writing was used to examine qualitative data using reflexive thematic analysis. Both data-driven and
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theory-informed interpretation were made possible by the inductive coding process and the theoretical
framework of the study, which guided the theme development.

During interpretation, a convergent triangulation approach was used to integrate quantitative and
qualitative findings. By comparing data across strands using joint displays and meta-inferences, qualitative
findings were able to contextualize or explain quantitative trends, namely the lack of a linear partnership
learning link.

3. Results and Discussion
3.1. Quantitative Findings

3.1.1. Instrument Reliability and Measurement Quality

Excellent internal consistency was shown by both study tools, suggesting high measurement quality for
further analysis. The Partnership Quality Assessment Scale (SPKK) achieved an alpha value of 0.978 (n = 40),
but the Project-Based Learning Effectiveness Scale (SPEBL) obtained a Cronbach's alpha coefficient of 0.977 (n
= 200). These coefficients are suitable for investigations involving intricate, multifaceted structures and surpass
generally recognized reliability thresholds in educational research.

To guarantee measurement quality, the research instruments' dependability was assessed before
conducting a substantial study. Both instruments exhibit outstanding internal consistency, according to the
reliability analysis. Table 2 indicates that the Industry-School Partnership Quality Scale (SPKK) had an alpha
value of 0.978 (n = 40) and the Project-Based Learning Effectiveness Scale (SPEBL) had a Cronbach's alpha
coefficient of 0.977 (n = 200). The robustness of the instruments is confirmed and their application for further
analyses is supported by these coefficients, which above well recognized thresholds for educational research.

Table 2. Research Instrument Reliability

Instrument n Items Cronbach's a Category
SPEBL (PjBL Effectiveness) 200 28 0.977 Excellent
SPKK (Partnership Quality) 40 35 0.978 Excellent

Source: SPSS version 28 analysis results (2025)

3.1.2. The Effectiveness of Project-Based Learning in All Schools

In all participating vocational high schools, students expressed high levels of satisfaction with the efficacy
of project-based learning. Figure 1 depicts the distribution of mean scores across PjBL dimensions, with an
overall effectiveness level of 82.7%. Knowledge Application and Transfer had the highest mean score among the
variables that were examined, suggesting that students thought project activities allowed them to apply their
conceptual knowledge to real-world job requirements. Overall, these results imply that the integration of theory
and practice across schools was consistently encouraged by PjBL implementation.

Student Engagement
& Mativation

Collaborative
Learning Quality

%

Project Authenticity
& Relevance

Critical Thinking
& Problem Solving

knowledge Application
& Transfer

Figure 1. Effectiveness of PjBL by Dimension (Total Mean = 82.7%, n = 200)
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A comparatively balanced profile of PjBL efficacy is revealed by dimensional score analysis. With the
highest mean score (M = 9.33, SD = 1.54) on the Knowledge Application and Transfer dimension, it appears that
students thought project activities allowed them to apply conceptual knowledge to real-world vocational
challenges. This result suggests that PjBL successfully facilitated the integration of theory and practice, which is
a fundamental goal of vocational education.

High ratings were also given to other aspects, such as critical thinking and problem-solving, collaborative
learning quality, and student engagement and motivation. According to these findings, PjBL adoption in various
schools promoted meaningful peer contact, active student participation, and engagement with challenging
problem-solving techniques. Despite variations in partnership arrangements, there was little variation among
schools, suggesting a typically constant degree of instructional quality.

3.1.3. Industry-School Partnership Quality

Additionally, stakeholders noted that all participating schools had excellent industry-school partnerships.
Strong opinions on the efficacy of collaboration are shown by the total partnership quality mean score of 9.53,
as seen in Figure 2. The strongest components were found to be trust, commitment, and goal alignment,
indicating that partnerships were supported by shared goals and mutual confidence. Formal collaboration
procedures were typically well-established, as seen by the positive ratings given to structural dimensions
including coordination and communication.

Highest

9,71 Scores
9.35 9, 9.71 9.52

Mean Score (Scale 1-11)

9.53)

Communication & Trust & Resource Sharing Goal Alignment & Adaptability &
Coordination Commitment & Support Shared Values Innovation

Figure 2. Quality of Partnership by Aspect (n = 40, Overall Mean = 9.53)

Trust and Commitment and Goal Alignment had the highest mean ratings (both M = 9.71) out of the five
partnership dimensions. These findings suggest that partnerships were marked by prolonged commitment,
common goals, and mutual confidence. High scores were also given to aspects of coordination, communication,
and resource sharing, indicating the overall presence of structural mechanisms for cooperation. When
combined, these results show that, overall, PjBL efficacy and partnership quality were consistently high across
schools, paving the way for further investigation into the link between the two categories.

3.1.4. The Formalization Paradox: Correlation Analysis

Correlation research showed no statistically significant association between partnership quality and PjBL
effectiveness, despite both being highly rated. Figure 3 illustrates this link with a weak positive correlation (r =
0.044, p = 0.918) that is not statistically significant. This result suggests that there is a nonlinear link between

partnerships and learning outcomes since variations in formal partnership quality did not correlate with
variations in perceived learning efficacy.
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Figure 3. PjBL Effectiveness and Partnership Quality Correlation (r=0.044, p=0.918, Not Significant)

This discovery is one of the study's main empirical findings. The analysis shows that formal partnership
quality does not directly predict pedagogical efficacy, which is contrary to the commonly accepted belief that
stronger partnerships result in higher learning outcomes. The lack of a substantial link implies that rather than
functioning via a straightforward linear process, the relationship between partnerships and learning is mediated
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10.0

9.8

9.6

9.4

9.2

9.0

8.6

9.0
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correlate with learning effectiveness
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School 1 Cihampelas
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B Model C (Intensive)
9.2 9.4 9.6 9.8 10.0 10.2

Partnership Quality Score (SPKK)

3.2. Partnership Practice Models Identified Through Qualitative Analysis

Three different partnership practice models were found in the eight vocational high schools through
qualitative research. Figure 4 shows how these models were distributed among schools, showing that many
configurations of corporate involvement existed within the same policy setting. All of these models were linked

to high levels of PjBL efficacy, despite differences in the frequency and extent of industry interaction.

80

70

o
(=1

L
(=]

Percentage of Schools (%)
w =
= =

ha
=

10

W Model A: Teacher-mediated, minimal industry presence
B Model B: Strategic touchpoints (~2x/semester)
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62.5%
(n=5)

25%
(n=2)

12.5%
(n=1)

Model A Model B Model C
(Minimal Direct (Periodic (Intensive
Involvement) Evaluation) Integrated)

Figure 4. Distribution of Three Models of Partnership Practice in Eight Vocational High Schools
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Figure 5 offers a comparative summary of the three partnership practice models' distinguishing traits,
coordinating strategies, and educational consequences. In addition to highlighting significant variations in
teacher responsibilities, industry involvement, and contextual circumstances, the matrix also shows

commonalities in pedagogical mediation and learning outcomes.

Characteristic

Model A

(Minimal Direct)

Model B
(Periodic Evaluation)

Model C
(Intensive Integrated)

State Vocational High School 1 Cihampelas

State Vocational High Schools

Schools State Vocational High School 4 Padalarang 3,4,8,9, 11 Bandung State Vocational High School 15 Bandung
Distribution 25% (n=2) 62.5% (n=5) 12.5% (n=1)
Industry F Minimal Periodic Daily
naustryisreguancy (1-2x/year) (~2x/semester) (continuous)
o Rural Urban Urban
Geographic Context (28-35 km) (3-8 km) (8.3 km)

Key Mechanism

Teacher expertise
compensates distance

Strategic touchpoints
at critical moments

Blurred boundaries
school-work

Teacher Role

Primary broker
(8-12 yrs experience)

Facilitator with
industry support

Co-facilitator with
industry mentors

expert teachers

(recommended)

; ) M=8.95 M=9.11 M=9.78
PjBL Effectiveness (High) (Highest) (Very High)
- High Very High Low
Scalability (Low resource need) (Optimal balance) (Resource intensive)
Remote areas with Most contexts Health/social service
Best For

sectors

Figure 5. Three Models of Partnership Practice in Comparison

3.2.1. Model A: Minimal Direct Industry Involvement

Two schools that had a significant geographic separation from their industrial partner were found to have
Model A. There was little direct industrial participation in regular educational programs under this approach.
Industry partners were not always present throughout project implementation, but they usually participated in
final evaluations and helped with the initial design of project responsibilities.

Schools using Model A achieved excellent PjBL efficacy (M = 8.95) despite little physical interaction. Strong
teacher ability was largely responsible for this effectiveness, according to qualitative research. Teachers at these
institutions were able to apply industry norms in the classroom because they had a great deal of prior industry
experience and kept up active professional networks.

By creating projects that mirrored real-world industry demands and adjusting job difficulty to student
readiness, teachers served as the main mediators. Teachers often used their own professional experiences to
contextualize learning activities, making up for the lack of direct interaction with business partners, according
to observations.

3.2.2. Model B: Periodic Evaluation and Strategic Engagement

Five of the eight schools had Model B, which was the most common arrangement. At crucial stages of the
project cycle, such as project start, mid-term review, and final assessment, this model is distinguished by
strategic, recurring engagement with industry partners. Teachers took on the main duty of providing learning
activities in between these touchpoints.

Out of the three models, Model B had the highest average PjBL efficacy (M = 9.11). Industry partners
stressed that rather than overseeing daily learning, their role was concentrated on guaranteeing compatibility
with industry standards. Instructors stated that regular input from business partners maintained pedagogical
autonomy while offering external validation.

According to qualitative data, Model B strikes a compromise between flexibility and accountability. While
teacher-led implementation enabled adaptable pedagogical changes based on student needs, strategic industry
engagement offered direction and legitimacy.

3.2.3. Model C: Intensive Integrated Involvement

One school in the health and social services sector was found to have Model C. The intensive, frequently
daily, participation of industry practitioners in learning activities is what distinguishes this methodology. The
sector-specific demands for professional accountability, compliance, and oversight were represented in this
involvement.The greatest absolute PjBL effectiveness score (M = 9.78) was attained by students in this model.
According to observations, regular engagement with practitioners offered ongoing feedback and prompt
practice adjustment. Qualitative evidence also shows that Model C is very context-dependent and resource-
intensive, depending on sectoral demands, close physical proximity, and industry partners' consistent
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dedication.
Although quite successful in this situation, Model C has issues with sustainability and scalability, especially for
schools with little access to local business partners.

3.3. Teachers as Pedagogical Brokers: Cross-Model Mechanisms

The crucial role that vocational teachers play as intermediaries between industrial practice and classroom
instruction was continuously emphasized by qualitative analysis across all three collaboration models. Teachers
served as pedagogical intermediaries through four interconnected systems.

In order to help students interact with professional expectations without feeling overburdened, teachers
first converted industry standards into developmentally appropriate learning objectives. Second, by helping
students create their professional identities, encouraging introspection, and preparing them for workplace
norms, teachers scaffolded boundary crossing. Third, by choosing and modifying actual business challenges that
struck a balance between difficulty and instructional viability, educators created authentic assignments. Fourth,
by encouraging students to engage in reflective discourse, teachers enabled them to express implicit knowledge
and apply what they had learned in various circumstances.

These mechanisms, which were present in all partnership models, contribute to the explanation of why
variances in partnership configuration did not result in appreciable variations in learning efficacy.

3.4. Documentation Gap Between Formalization and Practice

Formal partnership agreements and their educational implementation differ significantly, according to an
analysis of partnership-related documents. Fewer schools specifically listed industry involvement in learning
implementation plans or project design documents, despite the fact that the majority of schools had official
cooperation agreements with business partners.

This disparity suggests that rather than being maintained through formalized instructional record, many
partnership activities were maintained through personal connections and informal communication. Such
agreements run the danger of compromising accountability, institutional memory, and relationship continuity,
even though they may work well in stable environments.

3.5. Discussion

The results show that formal cooperation agreements and their educational implementation differ
significantly. Although formal cooperation agreements between schools and industrial partners were common,
these agreements were not always directly converted into documented pedagogical responsibilities or
instructional planning. Figure 6, which shows a documented gap between partnership formalization and
classroom-level implementation among the eight participating schools, exemplifies this disparity. This design
illustrates a type of loose coupling where partnerships are barely institutionalized in formal documentation but
nonetheless work well through informal practices and instructor mediation.
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Figure 6. Formalization vs. Implementation Documentation Gap (N=8 Schools)
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3.5.1. Beyond Linear Logic: Non-Linear and Threshold-Based Relationships

The prevailing linear, dose-response assumption that forms the basis of a large portion of the literature on
vocational education and the policy discourse is called into question by the lack of a substantial correlation
between the success of Project-Based Learning and the quality of industry-school partnerships. The results point
to a non-linear, threshold-based relationship where partnership quality serves as an enabling condition rather
than a direct instructional determinant, as opposed to functioning through a direct and proportional process.
Further gains in formal relationship metrics seem to produce declining pedagogical returns after a minimum
level of partnership quality is reached. This interpretation is consistent with recent international analyses that
advocate for context-sensitive, process-oriented evaluation frameworks that give priority to the pedagogical
enactment of partnerships and warn against oversimplified dose-response assumptions in vocational
partnerships (OECD, 2021; Coppe et al., 2022).

Rather, the findings are more in accordance with a threshold-based, non-linear relationship. The
partnership quality scores of every participating school were higher than the minimal functional requirement.
Further improvements in formal relationship quality did not correlate with quantifiable increases in learning
effectiveness once this level was reached. This perspective is consistent with workplace learning research, which
emphasizes that the quality of mediation and integration processes has a greater influence on learning outcomes
than exposure quantity.

According to this viewpoint, partnership quality is not a direct educational input but rather an enabling
condition. Effective learning cannot be ensured just by adequate partnership quality, yet it may be required to
enable realistic learning environments. This result is consistent with criticisms of technocratic policy
approaches that link educational effectiveness to formal partnership indicator compliance.

3.5.2. The Formalization Paradox and Loose Coupling in Vocational

Education
Through the lens of loose coupling theory, the found formalization paradox high formal partnership quality
without matching diversity in learning effectiveness can be further explained. Weak alignment between formal
structures and performed practice is a common characteristic of educational organizations. Although they may
not directly influence classroom-level pedagogy, formal cooperation agreements, memoranda of understanding,
and policy mandates can serve as a statement of institutional commitment.

This view is corroborated by the documentation analysis, which shows a significant discrepancy between
the official partnership agreements and their pedagogical representation in lesson plans and instructional
materials. Rather than through formalized processes, partnership practices were frequently maintained through
personal connections, implicit understandings, and informal communication.

The repercussions of this loose coupling are significant. On the one hand, it permits local adaptation and
flexibility, allowing educators to react to contextual limitations like sectoral demands or physical distance.
However, it obscures the ways in which partnerships impact learning, making it challenging for school
administrators and politicians to assess efficacy solely using formal metrics. Therefore, the paradox represents
a mismatch between the formal representation of partnerships and the real production of learning, rather than
a failure of partnerships in general.

3.5.3. Teachers as Pedagogical Brokers: Central Mediating Mechanism

The notion of vocational teachers as pedagogical brokers who mediate the interaction between industry
collaboration and classroom learning is a key contribution of this work. Teachers have become important
players in all partnership practice models, translating industrial norms, facilitating meaning-making processes,
scaffolding boundary crossing, and curating authentic assignments. By defining how brokering is pedagogically
implemented in vocational education contexts, this research expands on boundary crossing theory. In particular,
in vocational and professional education settings that are marked by intricate stakeholder interactions, teachers
increasingly serve as pedagogical brokers who convert professional practices into meaningful learning tasks.
This role is further supported by recent empirical studies (Sappa & Aprea, 2020; Meirawan et al,, 2022; Cao et
al., 2024).

Facilitating communication between education and business is only one aspect of pedagogical brokering.
It calls for two types of expertise: a thorough comprehension of occupational practices and the pedagogical
know-how to convert those practices into learning activities that are developmentally appropriate. In order to
help students navigate and integrate knowledge across institutional barriers, teachers in this study used four
interrelated brokering processes: translation, scaffolding, task curation, and meaning-making.

Teachers used translation to interpret professional expectations and industrial norms and turn them into
measurable learning criteria. They facilitated students' cognitive, social, and identity-related transitions from
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school to the workplace by providing scaffolding. They chose and modified real-world business difficulties
through task curation in order to strike a compromise between educational viability and realism. They promoted
introspection through meaning-making, which helped students express implicit knowledge and apply what they
had learned in other circumstances.

These brokering procedures illustrate how learning outcomes similar to those of intensive partnership
models could be attained by partnership models with little or sporadic industry involvement. The key element
influencing educational efficacy turned out to be teacher capacity rather than the frequency of partnerships.

3.5.4. Substitutability and Its Limits: When Teacher Capacity Is Not Enough

Although the results show that teacher pedagogical brokering can partially replace direct industry
involvement, this substitutability is limited and restricted. Teachers' active professional networks and wealth of
prior industry expertise were major factors in the success of Model A collaborations. Without this ability, the
validity and applicability of learning challenges would probably be compromised by a lack of industry
participation.

This realization is essential for interpreting policy. It implies that encouraging limited partnership
arrangements without concurrently investing in teacher capacity could make school disparities worse.
Substitutability is an emergent characteristic of teacher knowledge, professional identity, and institutional
support rather than an intrinsic aspect of partnership design.

Additionally, substitutability differs by industry. Intense industry involvement may be essential in
industries like health and social services, where ethical accountability, compliance, and oversight are critical.
The success of Model C shows that teacher mediation alone cannot completely replace the consistent
practitioner presence needed in several vocational domains.

3.5.5. Context Sensitivity and Multiple Pathways to Effectiveness

The discovery of three unique partnership practice models emphasizes how crucial context is in forming
successful vocational education. The results show several routes to pedagogical efficacy rather than a single
ideal model, each of which is dependent on regional factors such teacher capacity, sectoral features, geographic
closeness, and resource availability.

By striking a balance between teacher autonomy and intentional industry participation, Model B proved
to be the most scalable and sustainable arrangement. The potential of teacher-mediated partnerships under
constraints and distance was illustrated by Model A. Model C emphasized the benefits and drawbacks of deep
integration in particular industries. Collectively, these models demand tailored policy frameworks that take
contextual variety into account and challenge one-size-fits-all relationship prescriptions.

3.5.6. STEM Integration Through Pedagogical Brokering

The findings of this study have significant implications for understanding how integrated STEM (Science,
Technology, Engineering, and Mathematics) competencies develop through industry-school partnerships in
vocational education. The paradoxical relationship between partnership intensity and learning effectiveness
extends to STEM learning, revealing that the development of integrated STEM competencies depends more
critically on pedagogical mediation processes than on the structural features of partnerships.

Across all three partnership models identified in this study, effective STEM learning was observed when
teachers successfully enacted their role as pedagogical brokers who translate industry STEM practices into
developmentally appropriate learning experiences. In Model A (Minimal Direct Involvement), teachers with
strong industry backgrounds demonstrated the capacity to create STEM-rich learning environments even with
limited direct industry contact. These teachers drew upon their professional knowledge to design authentic
tasks that required integrated application of STEM principles for example, projects involving precision
measurement (mathematics), material properties (science), quality control procedures (technology), and
process optimization (engineering). The authenticity and pedagogical richness of these tasks did not depend on
frequent industry visits but rather on teachers’ ability to curate and mediate STEM applications based on their
dual expertise.

Model B (Periodic Evaluation) provided structured opportunities for students to receive feedback on their
STEM applications from industry practitioners. This periodic industry input served as important checkpoints
that validated students’ STEM competencies against professional standards. Classroom observations revealed
that teachers in this model explicitly connected industry feedback to underlying STEM principles, helping
students understand not just whether their work met standards but why certain STEM approaches were more
effective than others. This explicit meaning-making facilitated deeper conceptual understanding and
transferable STEM competencies. The periodic nature of industry involvement, rather than being a limitation,
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actually created pedagogical space for teachers to guide reflection and consolidation of STEM learning between
industry interactions.

In Model C (Intensive Integrated), students experienced the most contextualized STEM learning through
sustained workplace immersion. However, the effectiveness of this immersion for STEM learning still depended
heavily on pedagogical structuring. Teachers in this model played crucial roles in preparing students for
workplace experiences by clarifying learning objectives related to STEM competencies, providing frameworks
for observation and documentation, and facilitating post-experience reflection that helped students articulate
and generalize their STEM learning. Without this pedagogical scaffolding, intensive workplace exposure risked
becoming mere task completion rather than meaningful STEM competency development.

The four pedagogical brokering mechanisms identified in this study translating standards, scaffolding
boundary crossing, curating tasks, and facilitating meaning-making operate specifically to support STEM
integration. Translation involves decomposing industry technical requirements into specific STEM learning
objectives that specify which scientific principles, technological competencies, engineering practices, and
mathematical skills students will develop. Scaffolding provides tools and structures that help students apply
STEM knowledge across school-workplace boundaries, such as calculation templates, measurement protocols,
and documentation frameworks. Task curation ensures that selected industry challenges are pedagogically rich
for STEM learning, requiring integrated disciplinary application rather than isolated skill execution. Meaning-
making helps students connect concrete experiences with abstract STEM principles, developing conceptual
understanding alongside procedural competence.

These findings have important implications for STEM education policy in vocational contexts. First, they
challenge the assumption that more intensive industry partnerships automatically lead to better STEM learning
outcomes. The quality of pedagogical mediation emerges as the more critical factor. Second, they suggest that
investments in teacher capacity particularly in developing teachers’ dual expertise in both STEM disciplines and
industry practices may yield greater returns for STEM competency development than investments focused
solely on increasing partnership intensity. Third, they indicate that different partnership models can effectively
support STEM learning in different contexts, arguing against one-size-fits-all approaches to STEM-integrated
vocational education.

The Industry 4.0 context adds additional complexity to STEM integration in vocational education.
Observations in schools with access to modern manufacturing technologies revealed that digital tools,
automation systems, and data analytics platforms created rich opportunities for integrated STEM application.
However, these technological affordances only translated into meaningful STEM learning when teachers
provided appropriate scaffolding and meaning-making support. Teachers helped students understand not just
how to operate digital systems but the underlying STEM principles the algorithms governing automation, the
statistical concepts underlying data interpretation, the engineering logic of system design. This pedagogical
work of connecting technological tools with conceptual understanding exemplifies the critical role of brokering
in contemporary STEM-integrated vocational education.

Finally, this study contributes to STEM education literature by demonstrating how integrated STEM
competencies develop in authentic vocational contexts through project-based learning. The findings show that
STEM integration in vocational education is not simply about adding science or mathematics content to technical
training, but rather about helping students recognize and apply STEM principles that are already embedded in
professional practices. Pedagogical brokering makes these embedded STEM principles visible, explicit, and
transferable. This perspective suggests that effective STEM-integrated vocational education requires teachers
who can navigate between disciplinary knowledge and occupational practice, translating in both directions to
create learning experiences that develop both technical proficiency and underlying STEM understanding.

3.5.7. Implications for Theory and Policy

By questioning linear partnership assumptions, rethinking partnership quality through relational and
cognitive aspects, and using boundary crossing theory to pedagogical practice, this work theoretically advances
vocational education scholarship. The study moves analytical focus from organizational structures to human
agency and professional skill by emphasizing teachers as pedagogical brokers.

The results warn against relying too much on quantitative partnership metrics as stand-ins for learning
quality from a policy standpoint. Policies that prioritize formal compliance over meaningful learning processes
run the risk of rewarding the frequency of industry contact without taking pedagogical mediation into
consideration. According to recent international evaluations, the effectiveness of partnerships should be
assessed based on relational dynamics, instructional integration, and qualitative processes rather than the
quantity of formal agreements or collaborative activities (OECD, 2021; Vincent-Lancrin et al, 2019). These
revelations highlight the necessity of context-sensitive, tailored partnership rules that acknowledge the
essential role that educators play in converting teamwork into learning.
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4. Conclusion

The purpose of this study was to investigate the hypothesis that the quality of industry-school partnerships
and the efficacy of Project-Based Learning (PjBL) in vocational education are related. The results point to a basic
paradox that defies widely held beliefs in both research and policy. There was no discernible correlation
between the two variables, even though eight vocational high schools had consistently high partnership quality
and great PjBL efficacy. The commonly accepted notion that greater or more frequent industry involvement
inevitably results in better learning outcomes is called into question by this finding.

The study shows that different partnership configurations can lead to effective vocational learning using a
convergent mixed-methods approach. Under particular contextual circumstances, three qualitatively different
partnership practice models Minimum Direct Involvement, Periodic Evaluation, and Intensive Integrated were
found to be able to support high levels of PjBL effectiveness. These results suggest that the alignment of
partnership arrangements, contextual restrictions, and pedagogical mediation determines partnership efficacy
rather than a single ideal model.

Vocational instructors emerged as key intermediaries in all models, converting official cooperation
agreements into valuable educational opportunities. There was a constant observation of four pedagogical
brokering mechanisms: translation of industry norms, scaffolding of border crossing, curation of authentic
activities, and facilitation of meaning-making. These factors contribute to the explanation of why variances in
learning effectiveness did not coincide with changes in partnership configuration.

4.1. Theoretical Contributions

Several significant theoretical advances in vocational education research are made by this study. By
empirically proving a non-linear, threshold-based relationship between partnership quality and learning
efficacy, it first challenges the linear, dose-response assumptions that predominate in partnership discourse.
This result necessitates a more sophisticated theoretical approach to the conception and assessment of
partnerships.

Second, the study rethinks partnership quality in terms of more than only structural metrics like
interaction frequency and intensity. It highlights relational and cognitive aspects-trust, commitment, and shared
understanding as fundamental enabling factors rather than explicit instructional causes, drawing on social
capital theory.

Third, the study incorporates boundary crossing theory into the field of vocational pedagogy by
conceptualizing vocational instructors as pedagogical mediators. It emphasizes how professional judgment,
human agency, and dual expertise can mediate learning across institutional borders. The analytical emphasis of
this work is shifted from organizational arrangements to the pedagogical procedures that enable partnerships
to be implemented.

Lastly, by highlighting several routes to successful learning, the discovery of three context-sensitive
partnership practice models advances comparative vocational education research. The study emphasizes the
significance of contextual alignment and unique approaches rather than recommending standard partnership
designs.

4.2. Practical and Policy Implications

The results have significant ramifications for policy and practice. The findings imply that increasing the
number of industry engagements is not enough to improve learning quality in vocational institutions. Enhancing
teachers' ability to pedagogically mediate industry methods should be a strategic priority, especially through
dual-expertise professional development.

The paper warns policymakers against using frequency-based partnership measures as stand-ins for high-
quality education. Process-oriented indicators that capture relationship quality and pedagogical mediation
should be included in evaluation systems. Compared to standardized mandates, differentiated partnership
policies that take into consideration sectoral peculiarities, geographic conditions, and teacher competence are
more likely to yield equitable and long-lasting results.

For institutional learning and responsibility, it is also crucial to close the acknowledged gap between
formal cooperation agreements and pedagogical implementation. Over time, partnership sustainability may be
improved by flexible documentation procedures that record important educational roles without limiting local
adaptation.
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4.3. Limitations and Directions for Future Research

There are a few limits to be aware of. The geographically limited sample reduces generalizability, and the
cross-sectional design restricts causal inference. The use of self-reported metrics raises the risk of perceptual
bias, and statistical power for quantitative analysis is constrained by the comparatively small number of schools.

This work could be expanded in the future by comparison studies between nations or regions and
longitudinal designs that look at how partnerships and instructional methods change over time. The effects of
particular partnership mechanisms could be further isolated using experimental or quasi-experimental
methods. Furthermore, a significant path forward for empirical research in this field is the creation of validated
tools to assess pedagogical brokering capacity.

4.4. Concluding Remark

Overall, this study shows that formal frameworks and interaction frequency alone cannot fully explain the
efficacy of industry-school cooperation in vocational education. Rather, the intricate interaction of relational
quality, instructor mediation, and contextual factors results in effective learning. The study provides a more
realistic and nuanced basis for developing vocational education research, practice, and policy by emphasizing
pedagogical brokering and context awareness.
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