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The global transition toward a sustainable, low-carbon economy has 

significantly increased demand for green jobs, creating new 

challenges for vocational education institutions. However, many 

vocational curricula remain primarily oriented toward conventional 

industrial needs, raising concerns about their readiness to prepare 
graduates for green employment sectors. This study aims to analyze 

the readiness of vocational education, particularly at the polytechnic 

level, in preparing graduates for green jobs through a needs analysis 

and the development of implementation strategies. This research 

employed a mixed-method approach, combining qualitative and 

quantitative techniques. Data were collected through curriculum 

document analysis, questionnaires, interviews, and Focus Group 

Discussions (FGDs) involving lecturers, program representatives, and 

green job experts. The study focused on Batam State Polytechnic 

(Polibatam) as the research context. The findings indicate that 

vocational education readiness for green jobs remains at an emerging 

stage. Key gaps were identified in the integration of sustainability 
principles within institutional vision and mission statements, learning 

outcomes, curriculum content, teaching practices, lecturer 

competencies, and eco-friendly infrastructure. Although moderate 

alignment with industry collaboration and national policy frameworks 

was observed, the overall implementation of the curriculum remains 

fragmented. Based on expert validation through FGDs, this study 

proposes a prototype model for green curriculum integration that 

emphasizes institutional, curricular, instructional, and collaborative 

strategies. 
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1. INTRODUCTION  

The global transition toward a sustainable and low-carbon economy has accelerated 

the growth of green jobs, defined as occupations that contribute to environmental 
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preservation and resource efficiency [1]. International agreements such as the Paris 

Agreement [2] and the Sustainable Development Goals (SDGs), particularly Goal 4 (Quality 

Education) and Goal 8 (Decent Work and Economic Growth), emphasize the importance of 

developing human resources capable of supporting sustainable development [1], [3]. 

Vocational education plays a strategic role in preparing a skilled workforce aligned 

with labor market demands. However, the rapid expansion of green economic sectors 

presents new challenges for vocational institutions. Previous studies indicate that many 

vocational education systems remain predominantly oriented toward conventional industrial 

competencies, resulting in a mismatch between graduate skills and sustainability-driven 

workforce requirements [4] 

In Indonesia, sustainability principles have been increasingly promoted through 

national development frameworks, including the National Medium-Term Development Plan 

(RPJMN) and policies supporting low-carbon development [5]. Despite these policy 

directions, the integration of green skills within vocational curricula remains inconsistent. 

Key challenges include limited sustainability orientation in institutional frameworks, uneven 

curriculum integration, inadequate lecturer competencies, and infrastructure constraints [6] 

The research problem addressed in this study concerns the readiness of vocational 

education curricula to prepare graduates for green jobs. While sustainability concepts have 

been introduced in certain programs, empirical evidence suggests that their implementation 

often lacks systematic alignment across institutional, curricular, and instructional 

dimensions [5].  

This study adopts a needs analysis approach to evaluate curriculum readiness and 

develop implementation strategies. Curriculum transformation is understood as a systemic 

process that requires alignment amongnstitutional policies, learning outcomes, instructional 

practices, and industry collaboration [7]. Therefore, this research examines readiness 

through a multidimensional analysis of curriculum documents, stakeholder perceptions, and 

expert validation. 

The objectives of this study are: 

a. To analyze the readiness of vocational education curricula in preparing graduates for 

green jobs. 

b. To identify gaps in sustainability integration across institutional, curricular, and 

instructional components. 

c. To formulate implementation strategies for strengthening green skills development. 

This research is grounded in Human Capital Theory [8], which highlights the role of 

education in workforce development, and the Sustainability Transition Framework [9], 

which explains systemic adaptation to socio-technical changes. Within vocational education, 

green skills represent an extension of traditional competencies, incorporating environmental 

awareness, sustainable innovation, and resource efficiency [10]. 

Previous research has examined green skills development primarily from 

pedagogical and competency-based perspectives. Chola and Kiplagat [11] emphasize 

integrating sustainability into Technical and Vocational Education and Training (TVET), 

while Suhendra et al. [12] explore instructional strategies to enhance green competencies. 
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However, limited studies have analyzed curriculum readiness using a systemic institutional 

approach, particularly within Indonesian polytechnic education.  

This study by Fitriyanto et al. [13] contributes to the literature by providing a multi-

level curriculum-readiness analysis and proposing a prototype model for green curriculum 

implementation based on empirical findings and expert validation. The results are expected 

to support vocational institutions, curriculum developers, and policymakers in strengthening 

workforce preparation for green economic sectors [14]. 

 

2. METHOD  

This study adopts a mixed-method approach combining qualitative and quantitative 

techniques to comprehensively analyze vocational education readiness in preparing 

graduates for green jobs [15]. The research was conducted at Batam State Polytechnic 

(Polibatam), focusing on the analysis of curriculum relevance, institutional policies, and 

stakeholders’ perspectives related to the green economy and sustainable development [16]. 

 

2.1 Research Design 

The study consists of three main stages: 

a. Needs analysis: identification of gaps between current curriculum content and green job 

competency requirements. 

b. Curriculum Mapping: examination of sustainability integration in learning outcomes, 

teaching materials, and learning activities. 

c. Strategy Development: formulation of implementation strategies to enhance curriculum 

readiness for green job preparation. 

Each stage is supported by data triangulation involving curriculum documents, expert 

validation, and stakeholder input from industry representatives, lecturers, and students. 

The research flow consists of several sequential steps, as shown in Figure 1. 

 

 
Figure 1. Research Flow of Vocational Education Readiness in Preparing Green Jobs 
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1. Problem Identification and Literature Review: Review of global and national 

frameworks related to green jobs, sustainable education, and vocational curriculum 

design [8,9]. 

2. Needs Analysis: Conducted through interviews and surveys with lecturers, curriculum 

developers, and industry partners to identify competencies required for green 

employment. 

3. Curriculum Mapping and Content Analysis: Examination of existing curriculum 

documents at Polibatam to assess the extent of sustainability integration in learning 

outcomes, course content, and teaching approaches [17]. 

4. Data Validation and Expert Consultation: Validation of findings through focus group 

discussions (FGDs) with academic experts, policymakers, and industry practitioners. 

5. Strategy Formulation: Development of curriculum implementation strategies 

emphasizing sustainability-oriented learning outcomes, partnership with green 

industries, and lecturer capacity-building programs. 

6. Recommendation and Dissemination: Preparation of policy recommendations and 

dissemination of findings to Polibatam’s academic stakeholders and the Directorate 

General of Vocational Education. 

 

2.2 Data Collection Techniques 

Data were obtained through several instruments: 

a. Document Analysis: Review of Polibatam curriculum, course syllabi, and policy 

documents. 

b. Questionnaires: Distributed to lecturers, students, and industry representatives to assess 

perceptions of curriculum readiness. 

c. Interviews and FGDs: Conducted with key informants to validate and deepen 

understanding of identified needs. 

 

2.3 Data Analysis 

a. Qualitative Data were analyzed using thematic analysis to identify key issues and 

emerging patterns related to green job readiness and curriculum alignment. 

b. Quantitative survey data were analyzed using descriptive statistics to describe 

respondents’ perceptions and identify priority areas for improvement. 

c. The final synthesis integrated both qualitative and quantitative findings to propose 

comprehensive curriculum development strategies. 

 

3. RESULTS AND DISCUSSION 

3.1 Research Findings 

The findings of this study reveal that vocational education readiness for preparing 

graduates for green jobs in polytechnic settings, particularly at Batam State Polytechnic 

(Polibatam), is still at an emerging stage. The readiness levels vary across curriculum 

components, instructional design, and institutional policies. A Focus Group Discussion 

(FGD) involving six respondents, comprising program heads, lecturers, and a green jobs 

expert, was conducted to validate and refine the questionnaire findings. The results are 
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categorized into four major dimensions: (1) Vision and Mission, (2) Curriculum Structure 

and Content, (3) Teaching Methods and Resources, and (4) Industry and Policy Linkages. 

 

3.2 Vision and Mission Alignment 

Out of six respondents, five indicated that their program’s vision and mission do not 

yet explicitly include sustainability or green economy principles. Only one respondent 

reported that green orientation is integrated into their study program’s vision. This suggests 

that awareness at the foundational policy level remains low. Such findings are consistent 

with the early phase of institutional transformation described by, where organizational 

awareness precedes structural and cultural integration. A strong vision and mission 

emphasizing sustainability would serve as a strategic anchor for downstream curriculum 

innovation and institutional policy alignment. 

 

3.3 Learning Outcomes and Graduate Profiles 

Regarding learning outcomes, two respondents confirmed that green skills have been 

well-integrated, while two others stated they have not yet been addressed. This indicates 

inconsistency in implementation across programs [18]. 

For graduate projections, three respondents noted that graduates have not been 

oriented toward green industry sectors, while three others reported that their graduates are 

fairly or very well aligned with such sectors. This mixed result demonstrates that while some 

programs have begun to move toward sustainability-linked employability, others remain 

focused on conventional industrial needs. 

These trends support the argument that curricular readiness is uneven, echoing 

findings by Putra et al. [19] that many TVET institutions are in the early stages of adopting 

green education frameworks. 

 

3.4 Curriculum Structure and Content 

Regarding curriculum materials, two respondents stated that there are no specific 

courses dedicated to green technology, while two mentioned that such courses already exist. 

This suggests that dedicated green technology modules remain rare and are often introduced 

as elective or supplementary topics [20].  

Three respondents agreed that integrating green concepts across courses is fairly 

good, though only one rated it “very good.” This suggests that environmental principles are 

often inserted contextually rather than systematically embedded in course design. Regarding 

learning materials and case studies, only one respondent said that the materials include up-

to-date green economy issues very well. Similarly, only a few respondents (three out of six) 

reported global references and case studies, indicating a need to modernize teaching 

resources. 

 

3.5 Teaching Methods and Learning Resources 

The analysis of teaching methods shows that only one respondent believed that 

practicum activities already apply eco-friendly practices, while three stated that such 
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practices are not yet present. Problem-Based Learning (PBL) projects related to 

sustainability issues are also in the initial development stage [21]. 

Human resource capacity is another crucial aspect. Three out of six respondents 

noted that lecturers have not yet received green skills training, and only one reported 

excellent capacity. As Becker [12] highlights, human capital formation is central to 

institutional transformation; without adequately trained instructors, the integration of 

sustainability concepts remains limited. 

Infrastructure and facilities scored the lowest readiness. Only one respondent stated 

that laboratory facilities already implement eco-friendly principles, while three others said 

that such initiatives are just beginning. This implies that infrastructure investment and green 

facility standards are essential prerequisites for successful curriculum implementation. 

 

3.6 Industry and Policy Linkages 

One of the most positive findings relates to industry involvement. Only one 

respondent mentioned the absence of industry participation in curriculum design, while three 

indicated a fair level of collaboration. This demonstrates that an emerging synergy is 

emerging between vocational institutions and green industry players. 

Similarly, three respondents confirmed that their curriculum is already aligned with 

national policies such as the RPJMN (National Medium-Term Development Plan) and 

SDGs. This alignment reflects an increasing institutional awareness of the need to integrate 

national and global sustainability agendas into vocational education frameworks [22]. 

 

3.7 Synthesis of Findings and Strategy Prototype 

The overall results indicate that vocational curriculum readiness for green jobs is still at 

an early stage. Although certain initiatives exist, such as industry partnerships and policy 

alignment, there remains significant room for improvement, particularly in curriculum 

content, faculty capacity, and green infrastructure [23]. 

Following the FGD with experts on green jobs and sustainable vocational education, a 

strategic prototype model was developed to guide curriculum reform and implementation 

(see Figure 2). 
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Figure 2. Prototype Model for Green Curriculum Integration in Polytechnic Education 
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This prototype aligns with international frameworks [13] that emphasize a whole-
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Compared to other polytechnics in Southeast Asia, Polibatam demonstrates moderate 

readiness, especially in industry collaboration, but lags in infrastructure and faculty training. 

The mixed results also mirror the transitional characteristics described by the 

Sustainability Transition Framework [15], where early institutional innovations coexist with 

traditional practices. This transitional phase offers both challenges and opportunities, 

particularly for policy reform and curriculum redesign. In summary, while Polibatam and 

similar institutions show promising initiatives toward green jobs readiness, a systemic 

strategy integrating curriculum, human resources, infrastructure, and external partnerships 

is essential to achieve a holistic transformation. 

 

DISCUSSION 

The findings of this study indicate that vocational education readiness for green jobs 

remains at an emerging stage. The identified gaps across institutional orientation, curriculum 

structure, instructional practices, lecturer competencies, and infrastructure suggest that 

sustainability integration is still fragmented rather than systemic. These results align with 

Adjei et al. [22], which emphasizes that many Technical and Vocational Education and 

Training (TVET) institutions worldwide face similar challenges in holistically embedding 

sustainability principles. 

One of the most significant findings concerns the limited integration of sustainability 

within institutional vision and mission statements. This condition reflects a foundational 

issue, as institutional direction plays a critical role in shaping curriculum priorities and 

pedagogical strategies. From the perspective of the Sustainability Transition Framework, 

systemic transformation requires alignment at multiple levels, including policy, 

organizational culture, and operational practices [24]. The absence of sustainability 

orientation at the institutional level may explain the inconsistent curriculum implementation 

observed in this study. 

The uneven integration of green skills within learning outcomes further highlights 

structural challenges in curriculum design. While some respondents reported partial 

integration, the lack of uniformity suggests that sustainability concepts are often treated as 

supplementary rather than core competencies. This finding is consistent with the OECD 

(2023), which notes that green skills development frequently suffers from curricular 

compartmentalization, in which sustainability topics are isolated rather than embedded 

across disciplines. Such fragmentation may limit students’ ability to develop 

interdisciplinary competencies essential for green jobs. 

Another critical issue relates to teaching and learning practices. The limited 

application of eco-friendly practicum and green-focused Project-Based Learning (PjBL) 

indicates that sustainability principles have not yet been fully operationalized in instructional 

activities. Previous studies emphasize that experiential learning approaches are central to the 

acquisition of green skills[12]. The discrepancy observed in this study suggests that 

pedagogical innovation remains constrained by institutional, resource, and competency-

related factors. 

Lecturer competencies emerged as a major barrier to curriculum readiness. The 

limited participation in green skills training suggests that capacity-building efforts have not 
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kept pace with evolving workforce demands. Human Capital Theory [11] provides a useful 

lens for interpreting this finding, as educational quality is closely linked to instructors' 

competencies. Without adequate professional development, lecturers may struggle to 

integrate sustainability concepts effectively, thereby affecting curriculum delivery and 

student learning outcomes. 

Infrastructure limitations further compound these challenges. The low adoption of 

eco-friendly laboratory practices indicates that sustainability transformation requires not 

only curriculum reform but also institutional investment. Similar constraints have been 

reported in developing vocational education contexts, where resource availability 

significantly influences green curriculum implementation, UNESCO-UNEVOC [24,25]. 

This finding underscores the interdependence between physical learning environments and 

sustainability-oriented education. 

Despite these challenges, the study also identified positive trends. The relatively 

strong alignment with industry collaboration and national policy frameworks suggests that 

external drivers may support institutional transformation. Industry engagement has been 

widely recognized as a key enabler of green skills development [10]. The findings imply that 

vocational institutions may leverage existing partnerships to accelerate curriculum 

adaptation and enhance graduate employability in green sectors. 

Importantly, the Focus Group Discussions (FGDs) with green job experts contributed 

to the development of a prototype model for integrating green curriculum. This prototype 

emphasizes multi-level alignment, including institutional policy orientation, curriculum 

redesign [15], pedagogical innovation, lecturer capacity development, and industry 

collaboration, unlike previous studies that primarily focus on pedagogical strategies or 

competency frameworks. This research proposes a systemic readiness model grounded in 

empirical needs analysis. This represents the study's primary contribution. 

Overall, the findings suggest that interconnected institutional, structural, 

pedagogical, and resource-related factors influence curriculum readiness for green jobs. The 

study reinforces the argument that sustainability integration within vocational education 

must move beyond isolated curricular adjustments toward comprehensive systemic 

transformation. 

 

4. CONCLUSION  

This study highlights that vocational education readiness for green jobs remains at a 

developmental stage, characterized by partial and uneven integration of sustainability 

principles. The analysis indicates that interconnected institutional, structural, pedagogical, 

and resource-related factors influence the transformation of the curriculum toward green job 

preparation. The findings suggest that sustainability integration requires systemic alignment 

rather than isolated curriculum modifications. 

The research contributes to the understanding that institutional orientation plays a 

foundational role in shaping curriculum direction. Without a clear sustainability positioning 

at the institutional level, curriculum implementation tends to be fragmented. Furthermore, 

the study emphasizes that green skills development is not solely a curriculum design issue 

but also involves lecturer competencies, instructional strategies, and infrastructure readiness. 
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From a practical perspective, the study provides implications for vocational 

education institutions, particularly polytechnics. Curriculum reform initiatives should adopt 

a holistic approach that encompasses institutional policy alignment, structured integration of 

green skills, pedagogical innovation, and capacity building for lecturers. Strengthening 

collaboration with industry and aligning educational practices with sustainability-driven 

labor market demands are also critical. 

This research is subject to certain boundaries. The study focuses on a single 

vocational education institution, which may limit the generalizability of findings across 

diverse institutional contexts. Additionally, the readiness assessment primarily relies on 

stakeholder perceptions and curriculum analysis, without measuring long-term graduate 

outcomes. 

Future research may extend this study by examining multiple vocational institutions 

to develop comparative insights into the implementation of green curricula. Further 

investigations could also evaluate the effectiveness of green curriculum prototypes, measure 

graduate employability in green sectors, and explore digital-based learning innovations 

supporting sustainability competencies. 

Overall, this study contributes to the broader discourse on sustainability-oriented 

vocational education by proposing a systemic perspective on curriculum readiness. The 

findings offer practical guidance for educational institutions, policymakers, and curriculum 

developers in supporting workforce preparation for emerging green economic sectors. For 

the general public, this research underscores the critical role of vocational education in 

addressing environmental challenges through human resource development. 
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