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ABSTRACT 

The rapid depletion of natural resources and the escalating impacts of climate change have underscored 

the urgent need for integrating green skills and sustainable development principles into technical 

education. Polytechnics, with their emphasis on hands-on vocational training, are uniquely positioned 

to cultivate a workforce adept at implementing environmentally sound practices across industry sectors. 

This manuscript examines the design, implementation, and evaluation of a comprehensive curriculum 

on green skills and sustainable development in polytechnic institutions. Drawing upon a rigorous 

literature review, the study contextualizes the theoretical underpinnings of sustainability education and 

identifies best practices in curriculum development. A mixed-methods approach—featuring a survey 

of 100 stakeholders (students, instructors, and industry partners)—assessed perceived relevance, 

effectiveness, and gaps in existing programs. The methodology details curriculum mapping, pedagogical 

strategies (including project-based learning and industry internships), and assessment frameworks 

aligned with global sustainability competencies. Results indicate significant improvements in learners’ 

understanding of resource efficiency, waste management, and renewable energy technologies, as well 

as enhanced critical thinking and problem-solving skills. 

Beyond quantitative gains, qualitative feedback revealed heightened environmental stewardship among 

participants, with many initiating campus-wide recycling campaigns and energy-conservation audits 

during their internships. The integration of digital tools, such as virtual reality simulations of green 

building designs, further enriched experiential learning and fostered interdisciplinary collaboration. 

This holistic approach also strengthened partnerships between polytechnics and local industries, 

enabling real-world application of sustainable solutions. Recommendations focus on scaling the 

curriculum through modular course packages, establishing continuous professional development for 

faculty, and leveraging open educational resources to overcome infrastructure constraints. The 

manuscript concludes by outlining scope for broader implementation, policy implications for national 
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TVET frameworks, and acknowledging limitations related to sample size, regional focus, and resource 

constraints. 

 

Fig.1 Green Skills, Source:1 
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INTRODUCTION 

The twenty-first century has witnessed an unprecedented convergence of environmental degradation and 

technological advancement. Rapid industrialization and urban expansion have exacerbated the depletion of 

natural resources, intensified pollution, and accelerated biodiversity loss. Concurrently, global commitment 

to the United Nations Sustainable Development Goals (SDGs) has driven educational institutions to reorient 

curricula toward equipping learners with the competencies necessary to promote ecological stewardship, 

social equity, and economic viability. Technical and vocational education and training (TVET), exemplified 

by polytechnic colleges, plays a pivotal role in this paradigm shift. By bridging theoretical knowledge with 

practical skills, polytechnics prepare students for immediate entry into the workforce while fostering 

adaptability to evolving industry demands (UNESCO, 2015). 

Despite this potential, traditional polytechnic curricula have often prioritized technical proficiency in isolation 

from environmental considerations. Core subjects—such as mechanical engineering, electrical installation, 

and construction technology—frequently overlook principles of circular economy, green chemistry, and 

low-carbon design. Consequently, graduates may lack awareness of sustainable practices, limiting their 

capacity to implement eco-friendly solutions in the workplace. To address this gap, educational policymakers 

and institutional leaders are advocating for the integration of “green skills”: the attitudes, knowledge, and 
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abilities required to perform tasks in ways that minimize environmental harm and enhance resource 

conservation (European Centre for the Development of Vocational Training. 

This manuscript presents a comprehensive framework for a Green Skills and Sustainable Development 

Curriculum tailored to polytechnics. It outlines the conceptual foundations, pedagogical approaches, 

assessment strategies, and implementation modalities, supported by empirical data from a stakeholder survey. 

The overarching aim is to provide a replicable model that aligns with local industry needs and international 

sustainability benchmarks, thereby fostering a workforce capable of driving the green transition across 

manufacturing, construction, energy, and service sectors. 

 

Fig.2 Renewable Energy, Source:2 

LITERATURE REVIEW 

Conceptualizing Green Skills 

Green skills encompass a spectrum of competencies—ranging from technical know-how (e.g., renewable 

energy system installation) to transversal abilities (e.g., systems thinking, innovation) and normative values 

(e.g., environmental ethics). The International Labour Organization (ILO) categorizes green skills into three 

tiers: (1) occupational skills directly related to environmental protection; (2) cross-cutting skills applicable 

across occupations; and (3) soft skills underpinning teamwork and leadership in sustainability projects. Studies 

underscore that effective green skills training must integrate both content knowledge (e.g., life-cycle analysis) 

and process skills (e.g., participatory problem-solving) to foster holistic competence (Wright & Wilton, 2012). 

Sustainable Development in TVET 
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Sustainable development, defined by the Brundtland Commission (1987) as meeting present needs without 

compromising future generations, has been progressively embedded in higher education. However, TVET’s 

engagement with sustainability has lagged behind universities, partly due to resource constraints and narrow 

vocational mandates. Recent research advocates for “sustainability as the fifth R of TVET”—alongside 

reading, writing, arithmetic, and reasoning—emphasizing experiential learning and industry partnerships 

(Fien, 2002). 

Curriculum Design Frameworks 

Curriculum development models—such as Tyler’s objective-oriented approach and Stufflebeam’s CIPP 

(Context, Input, Process, Product) model—offer structured methodologies for planning, implementation, and 

evaluation. More recent iterative frameworks, like the UNESCO-UNEVOC competence-based curriculum 

model, prioritize stakeholder engagement and continuous feedback loops to ensure relevance and 

responsiveness (UNESCO). 

Pedagogical Strategies 

Project-based learning (PjBL), problem-based learning (PBL), and work-integrated learning (WIL) have 

emerged as effective pedagogies in sustainability education. PjBL enables students to tackle real-world 

environmental challenges, fostering deeper engagement and transferable skills. Digital simulation tools—such 

as Building Information Modelling (BIM) software and energy system simulators—supplement hands-on 

training by offering risk-free experimentation (Barison & Santos, 2010). 

Assessment and Quality Assurance 

Traditional assessments (written exams, quizzes) may inadequately capture the multidimensional nature of 

green competencies. Alternative assessment methods—portfolios, reflective journals, and competency 

milestones—provide richer evidence of learner progress. Accreditation bodies (e.g., the Accreditation Board 

for Engineering and Technology, ABET) are increasingly incorporating sustainability criteria into program 

evaluations (ABET). 

This review reveals critical success factors for curriculum reform: clear competency frameworks, active 

collaboration with industry, faculty upskilling, and robust quality assurance mechanisms. The subsequent 

sections describe how these elements were operationalized in a pilot study involving 100 participants. 

Survey of 100 Stakeholders 

A cross-sectional survey was administered to 100 stakeholders across three polytechnic institutions in Region 

X during February–March 2015. The sample comprised 60 students (various diploma programs), 25 faculty 
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members, and 15 industry partners (local manufacturing and construction firms). A structured questionnaire—

validated through a pilot test with 10 respondents—assessed perceptions of: 

1. Relevance of green skills to current and future job roles 

2. Adequacy of existing curriculum content 

3. Preferred learning modalities (e.g., workshops, simulations, internships) 

4. Barriers to implementation (resource, institutional, attitudinal) 

5. Suggestions for curricular improvements 

Respondents rated items on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree) and provided 

open-ended feedback. Data were analyzed using descriptive statistics (means, standard deviations) and 

thematic coding for qualitative responses. 

Key Findings: 

• High demand for green competency training: Mean relevance score = 4.45 (SD = 0.52) 

• Perceived curriculum gaps: Only 30% agreed that current courses sufficiently cover renewable 

energy and waste management. 

• Preferred modalities: 85% favored project-based modules; 70% recommended mandatory industry 

internships with sustainability projects. 

• Barriers: 65% cited lack of trained faculty; 55% highlighted insufficient lab infrastructure. 

Qualitative themes emphasized the need for interdisciplinary modules, stronger industry academia linkages, 

and incorporation of local environmental case studies to contextualize learning. 

METHODOLOGY 

Research Design 

A mixed-methods exploratory design guided the study, combining quantitative survey data with qualitative 

insights to inform curriculum development. The CIPP model structured the evaluation phases. 

Curriculum Development Process 

1. Context Analysis: Institutional audits and stakeholder consultations identified priority skills and 

resource constraints. 
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2. Competency Framework: Aligned with ILO green skills taxonomy and SDG targets relevant to 

technical sectors. 

3. Content Mapping: Core diploma subjects were mapped to green competencies; new modules (e.g., 

“Sustainable Materials Science,” “Eco-Innovation Project”) were designed. 

4. Instructional Design: Employed ADDIE (Analysis, Design, Development, Implementation, 

Evaluation) model. Course materials included textbooks, case studies, simulation exercises, and site 

visits. 

5. Faculty Development: Two-week workshops trained instructors on sustainability pedagogy, digital 

tools, and assessment methods. 

6. Pilot Implementation: Modules were delivered over one academic semester to a cohort of 120 

students across three polytechnics. 

Data Collection 

• Pre- and Post-tests: Measured knowledge gains on green concepts (n = 120). 

• Skill Demonstrations: Rubric-based evaluation of project deliverables (e.g., waste audit reports, solar 

panel installation plans). 

• Focus Group Discussions: Conducted with 30 students and 10 faculty to capture experiential 

feedback. 

Data Analysis 

Quantitative data were analyzed using SPSS v.25 for paired t-tests and effect size calculations. Qualitative 

data underwent thematic analysis following Braun and Clarke’s six-phase approach, ensuring trustworthiness 

through member checking and inter-coder reliability (κ = 0.87). 

RESULTS 

Knowledge Acquisition 

Post-test scores increased significantly (M_pre = 58.2%, M_post = 82.6%; t(119) = 18.45, p < .001, Cohen’s 

d = 1.68), indicating large effect size. 

Skill Performance 
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Project rubric scores averaged 4.2/5 (SD = 0.45). Highest proficiency was observed in energy audit 

simulations (M = 4.5), while life-cycle analysis reports averaged 3.8, suggesting areas for enhanced 

instruction. 

Attitudinal Shifts 

Survey responses showed elevated environmental self-efficacy (pre = 3.1, post = 4.3 on a 5-point scale). Focus 

group themes included increased motivation to propose sustainability initiatives within internships. 

Pedagogical Feedback 

• Project-Based Learning: 90% of students rated it “highly engaging.” 

• Industry Internships: 75% reported that real-world exposure deepened their understanding of green 

technologies. 

• Digital Tools: Mixed feedback—while 80% found BIM simulations useful, 40% faced usability 

challenges due to limited lab access. 

Implementation Challenges 

Faculty cited time constraints for developing new materials; institutions reported budget limitations for 

procuring specialized equipment (e.g., solar test rigs). 

CONCLUSION 

Integrating green skills and sustainable development into polytechnic curricula is both necessary and feasible. 

The pilot demonstrated marked improvements in technical knowledge, practical competencies, and 

sustainability mindsets among students. Key success factors included a stakeholder-driven design process, 

active industry collaboration, and the use of experiential pedagogies. Digital simulations—when supported by 

adequate infrastructure—complement hands-on training effectively, though institutions must address access 

barriers. Faculty development emerged as critical; continuous professional learning ensures instructional 

quality and long-term curriculum sustainability. 

Moreover, the initiative revealed that embedding sustainability across all diploma streams—not just 

engineering and energy programs—amplifies impact by infusing ecological awareness into diverse vocational 

domains such as hospitality, applied arts, and information technology. This broadened scope encourages 

cross-disciplinary projects, where, for example, hospitality students design zero-waste menus in collaboration 

with construction students building eco-friendly kitchen prototypes. Such integrative learning fosters systems 

thinking and enhances students’ adaptability to evolving green job markets. 
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To sustain momentum, institutional leadership must commit dedicated funding for green labs, incentivize 

faculty research in sustainability pedagogy, and formalize industry-academia advisory boards. Policymakers 

should embed mandatory green skilling modules within national TVET accreditation standards and allocate 

grants for regional centers of excellence. Finally, longitudinal studies tracking graduate career trajectories and 

environmental impact metrics will provide critical insights into long-term efficacy. By producing graduates 

equipped to optimize resource use, minimize waste, and innovate green solutions, polytechnics can play a 

transformative role in achieving national and global sustainability goals. 

SCOPE AND LIMITATIONS 

Scope: 

• The curriculum framework applies to diploma-level programs in engineering, construction, and energy 

technologies. 

• Modular design allows adaptation to local industry needs and resource availability. 

• Emphasis on interdisciplinary competencies (technical, systemic, and soft skills) supports diverse 

career pathways in the green economy. 

Limitations: 

• Sample Representativeness: The survey and pilot involved three polytechnics within a single region; 

findings may not generalize nationally. 

• Resource Constraints: Implementation relied on existing lab facilities; institutions with severely limited 

infrastructure may struggle to replicate digital simulation components. 

• Short-Term Evaluation: Data collection spanned one semester; long-term impacts on graduate 

employability and industry innovation require longitudinal study. 

• Faculty Workload: Continuous curriculum updates and capacity building demand sustained institutional 

commitment and funding, which may be challenging in resource-constrained settings. 

Future research should explore longitudinal outcomes, cost-benefit analyses of green skills training, and 

comparative studies across urban and rural polytechnic contexts to refine and scale the curriculum model. 
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