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The global transition toward sustainability requires a workforce equipped with 
specialised green skills, particularly within Malaysia’s Technical and Vocational 
Education and Training (TVET) ecosystem, which includes Community Colleges, 
Polytechnics, Kolej Vokasional (KV), and institutions under the Malaysian Technical 
University Network (MTUN). However, existing curricula across these institutions often 
lag behind the evolving demands of green industries aligned with the Sustainable 
Development Goals (SDGs). This study employs a qualitative research approach, 
utilising Educational Data Mining (EDM) techniques, specifically Natural Language 
Processing (NLP), to systematically analyse a comprehensive body of sustainability-
related textual data from policy documents, TVET frameworks, and industry reports. 
Using sentiment analysis, topic modelling, and keyword extraction, the study identifies 
and classifies essential green competencies demanded by industry. These include 
renewable energy systems, energy efficiency management, circular economy 
practices, sustainable resource management, and environmental compliance. The 
findings strongly align with SDG 4 (Quality Education), SDG 7 (Affordable and Clean 
Energy), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 13 (Climate Action). 
The research underscores the importance of embedding data-driven curriculum design 
approaches across all tiers of TVET and recommends institutional collaboration, 
continuous capacity building, and proactive curriculum updates to ensure workforce 
readiness for sustainable economic transformation. 
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1. Introduction 
 

Particularly in terms of training a workforce with competencies matched to environmental and 
economic transformation, the global move towards sustainable development has changed the 
expectations of businesses and the priorities of educational institutions. This change is significant in 
Malaysia within the Technical and Vocational Education and Training (TVET) sector, which 
strategically helps to upskill human capital for green development [11,18]. Among the several 
ministries in charge of TVET in Malaysia, this paper mainly addresses institutions under the Ministry 
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of Higher Education (MOHE)—that is, Polytechnics, Community Colleges, and the Malaysian 
Technical University Network (MTUN), comprising UTHM, UTeM, UMP, and UniMAP. These 
universities are fundamental for spreading sustainability competencies over national education 
systems and reflect the core of higher-level technical training [4,12]. 

Policy-level support for green economy transformation notwithstanding, there is still a significant 
curricular gap between industry needs and current course materials, especially about integrating 
focused green skills. Many institutional programs address sustainability, but they usually lack a 
methodical approach to embed cognitive (knowledge-based), practical (hands-on), and soft skill 
(attitudinal and behavioural) elements that are vital for generating graduates ready for green jobs. 
Current courses thus fail to equip students for dynamic roles in renewable energy, circular economy 
practices, sustainable resource management, and environmental compliance [13,18]. 

This paper systematically analyses educational frameworks, industry reports, and policy 
documents using EDM and NLP, bridging this gap. The study uses sentiment analysis, topic modelling, 
and keyword extraction to find and map green competencies pertinent to TVET courses under MOHE-
governed direction. To guarantee fit with world priorities, the results are benchmarked against a set 
Sustainable Development Goals (SDGs)—especially SDG 4 (Quality Education), SDG 7 (Affordable and 
Clean Energy), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 13 (Climate Action) [2,17, 
24]  

By providing strategic analysis for curriculum reform, stakeholder cooperation, and sustainable 
workforce development in Malaysia's higher TVET sector, this study aims to help design responsive 
and future-ready green curricula. 
 
2. Review of the literature 
2.1 Sustainability and Green Skills in TVET 
 

Global development policies now revolve primarily around sustainability and environmental 
management, forcing businesses and academic institutions to change [15]. Given its direct influence 
on workforce readiness, TVET is critical in shaping the green economy. TVET systems have 
increasingly recognised the need to embed green skills—competencies that support sustainable 
environmental practices—within their curricula [3,10,15]. 

The ability of TVET to provide students with the practical skills necessary to address sustainability 
concerns is emphasised in the UNESCO roadmap for sustainable education [10]. Key competencies 
outlined include managing renewable energy systems, energy efficiency, sustainable resource 
management, and compliance with environmental standards [21]. For example, Polytechnic Primier 
Ungku Omar has initiated programs in renewable energy technology to support Malaysia’s green 
transition. At the same time, UTHM (Universiti Tun Hussein Onn Malaysia) offers modules on 
sustainable engineering practices under its MTUN mandate. Likewise, Community College Selandar 
integrates environmental conservation elements into its agriculture and landscape maintenance 
programs to enhance local sustainability relevance. 
However, despite these initiatives, more focused and flexible solutions are still needed, as current 
industry expectations often exceed the capabilities developed in many existing programs [1]. This 
signals a clear need for continuous curriculum reform and more substantial alignment with real-time 
green skill demands from the industry. 
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2.2 Educational Data Mining and NLP in Curriculum Development 
 

Educational Data Mining (EDM) refers to analytical approaches for processing educational data 
to inform curriculum enhancement, instructional strategies, and academic decision-making. Recent 
studies highlight how EDM tools such as predictive modelling, sentiment analysis, topic modelling, 
and text mining have supported data-driven curriculum design [13]. These methods help identify 
emerging competencies, gaps in current offerings, and evolving pedagogical needs [7]. 

This paper uses EDM with an emphasis on NLP techniques in the context of Malaysia's MOHE-
governed TVET institutions, such as Polytechnics, Community Colleges, and MTUN universities. 
Analysing unstructured text data from policy documents and industry reports to derive competency-
based insights calls especially for NLP. Given its character, NLP is especially useful in guiding the 
curriculum's Practical (skills-based) and Affective (soft skills and behavioural) domains. 

For example, topic modelling may reveal the increasing demand for competencies like 
sustainability auditing or green entrepreneurship, which are not purely cognitive but involve applied 
practices and ethical awareness. Sentiment analysis further allows institutions to gauge how 
positively or negatively these competencies are framed across industry and policy texts, thus 
prioritising practical relevance and societal values. 

By narrowing EDM and NLP applications toward practical competencies and affective soft skills, 
rather than solely theoretical content, TVET institutions can ensure that green curricula align more 
closely with workplace expectations and sustainability standards. A particular sub-domain of EDM, 
NLP, has shown especially success in textual data analysis from industrial reports, policy documents, 
and curricula. NLP techniques offer practical insights by methodically exposing theme patterns and 
critical competencies buried behind vast textual datasets [18]. 

NLP and text mining methods have been used in policy papers and sustainability documents in 
higher education, effectively identifying essential skills and topics for inclusion in courses [19]. For 
example, [18] used NLP to examine EU sustainability frameworks, exposing critical enabling 
competencies needed by the sector and guiding higher education curricula development. 
 
2.3 Linking TVET with Sustainable Development Goals (SDGs) 
 

Matching educational systems with the Sustainable Development Goals (SDGs) provides a 
methodical road towards solving modern-world problems. In particular, TVET courses can 
significantly affect various SDGs, namely SDG 4 (Quality Education), SDG 7 (Affordable and Clean 
Energy), SDG 9 (Industry, Innovation and Infrastructure), and SDG 13 (Climate Action) [8,15]. 

Good alignment requires identifying and including particular green skills in the curriculum. 
Studies highlight how TVET's industry trend responsiveness, especially regarding sustainability, 
directly improves graduates' employability and efficacy in green job sectors. Comprehensive, data-
driven curriculum creation methods that constantly reflect changing industry standards and 
sustainability requirements (OECD, 2020) are needed in this alignment. 

 
2.4 Existing Gaps in TVET Curricula 
 

Although the need to include sustainability in TVET is becoming more acknowledged, current 
courses may remain fixed or poorly match the constantly changing needs of green sectors [20]. 
Ahmad [2] observed many recurring deficiencies, including poor use of data-driven approaches in 
curriculum updates, limited adaptation to technology improvements, and inadequate integration of 
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cross-disciplinary abilities. This curricular inertia risks generating a workforce unprepared for rapidly 
changing environmental problems. 

Educational policy makers want to close these discrepancies by using cutting-edge analytical 
techniques, such as EDM and NLP, as strategic tools for spotting developing trends, gaps, and 
competencies in sustainability education. In addition, it is underlined that bridging curricular gaps 
requires cooperation between industry stakeholders, legislators, and educational institutions [18]. 

 
2.5 Summary and Research Justification 
 

The examined literature emphasises the urgent need to use cutting-edge analytical techniques to 
ensure TVET courses remain within industry standards and meet environmental needs. Although 
EDM and NLP are valuable tools for curriculum research and improvement, their methodical 
implementation within the TVET framework and the integration of green skills remain very limited 
[10,16,17]. 

This study thus adds to the body of knowledge by using NLP-based data mining techniques to 
define the essential green capabilities modern companies need. It seeks to guide strategic curricular 
changes, thereby improving TVET's potential to produce a workforce ready for environmentally 
friendly economic transformations. 
 
3. Methodology 
3.1 Research Design  

 
More significantly, this study uses advanced EDM techniques, NLP, and a qualitative, data-driven 

approach to identify and classify vital green skills needed for inclusion in TVET curricula (see Figure 
1). This methodological approach is chosen because it can methodically examine vast amounts of 
textual material from reliable sources, including industry reports, educational frameworks, and 
sustainability policy papers. 
                                 

 
Fig. 1. Methodology flow chart 
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3.2 Data Collection 
 
Three main types of sources provided the data for this project: 

• Texts comprising national and global policy recommendations, including the UNESCO 
roadmap [14], and industry-specific sustainability laws. 

• Existing TVET courses, competency requirements, and qualification systems are relevant for 
sustainability. 

• Industry reports and whitepapers from important industrial players delineate the present and 
expected green technologies and sustainability competencies. 

Published within the last five years, the documents chosen for the study guarantee relevance to the 
present sustainability criteria and competencies. 
 
3.3 Data Analysis Techniques 
 
Three main NLP-based techniques were used to study the textual data gathered thoroughly. 
 
3.3.1 Examination of the sensation 
 

Through sentiment analysis, the orientation and relevance of green competencies found in texts 
were determined, allowing the prioritisation of skills depending on their frequency of mention, 
contextual relevance, and sentiment polarity (positive, negative, neutral). 
 
3.3.2 Subjects modelling 
 

The literary corpus was searched for theme patterns using the latent Dirichlet allocation (LDA) 
topic modelling method, allowing the identification of prominent subjects related to green skill 
development. LDA enables topic groupings of text parts, precisely defining the necessary 
competencies. 

 
3.3.3 Extracting keywords 

 
Using NLP techniques, mainly the term frequency-inverse document frequency (TF-IDF) 

approach, keyword extraction sought important green skill terms and phrases stressed throughout 
the examined texts. This stage guaranteed a realistic representation of the capabilities sought by the 
industry. 

 
3.4 Validation and Reliability 

 
Triangulation and cross-referencing data from many categories of documents, policy texts, 

educational frameworks and industry reports were used to confirm the reliability and consistency of 
the findings. This procedure thoroughly covered important competencies and reduced possible 
biases or anomalies from single-source research. 

 
3.5 Ethical Considerations 

 
The ethical guidelines were strictly followed throughout the study. Since all the materials 

examined were freely available, questions about intellectual property rights or confidentiality were 
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allayed. Additionally, the correct reference techniques were rigorously followed to credit the sources 
of data and literature. 
 
3.3 Data Analysis Techniques 
 
Three main NLP-based techniques were used to study the textual data gathered thoroughly. 
 
3.3.1 Examination of the sensation 
 

Through sentiment analysis, the orientation and relevance of green competencies found in texts 
were determined, allowing the prioritisation of skills depending on their frequency of mention, 
contextual relevance, and sentiment polarity (positive, negative, neutral). 
 
3.3.2 Subjects modelling 
 

The literary corpus was searched for theme patterns using the latent Dirichlet allocation (LDA) 
topic modelling method, allowing the identification of prominent subjects related to green skill 
development. LDA enables topic groupings of text parts, precisely defining the necessary 
competencies. 

 
3.3.3 Extracting keywords 

 
Using NLP techniques, mainly the term frequency-inverse document frequency (TF-IDF) 

approach, keyword extraction sought important green skill terms and phrases stressed throughout 
the examined texts. This stage guaranteed a realistic representation of the capabilities sought by the 
industry. 
 
3.4 Validation and Reliability 
 

Triangulation and cross-referencing data from many categories of documents, policy texts, 
educational frameworks and industry reports were used to confirm the reliability and consistency of 
the findings. This procedure thoroughly covered important competencies and reduced possible 
biases or anomalies from single-source research. 
 
3.5 Ethical Considerations 

 
The ethical guidelines were strictly followed throughout the study. Since all the materials 

examined were freely available, questions about intellectual property rights or confidentiality were 
allayed. Additionally, the correct reference techniques were rigorously followed to credit the sources 
of data and literature. 
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4. Results  
4.1 Identified Green Competencies in TVET Curricula 

 
Using NLP tools, the analysis of industry reports, educational frameworks, and sustainability 

policy documents identified several key green capabilities essential for integration into TVET 
curricula. Policy and industry publications frequently highlighted renewable energy systems as crucial 
for sustainable infrastructure development aligned with SDG 7 (Affordable and Clean Energy). 
Similarly, energy efficiency management emerged prominently within sustainability policy 
documents, underscoring the industry's growing commitment to resource conservation and 
operational efficiency. Circular economy practices were widely acknowledged in educational 
frameworks and industry reports, indicating a clear shift toward sustainable consumerism, waste 
minimisation, and resource reuse. Furthermore, sustainable resource management was significantly 
featured in policy studies and educational materials, highlighting the importance of efficient resource 
allocation and utilisation. Lastly, environmental compliance and auditing appeared consistently in 
industry and policy reports, reflecting stringent regulatory standards and industry demands aligned 
closely with SDG 13 (Climate Action). Table 1 illustrates the identified green competencies and the 
corresponding SDGs. 
 

Table 1 
Identified green competencies and the corresponding SDGs 

Green Competency Relevant SDGs 

Renewable energy systems SDG 7, SDG 9, SDG 13 

Energy Efficiency Management SDG 7, SDG 13 

Circular Economy Practices SDG 9, SDG 13 

Sustainable Resource Management SDG 9, SDG 13 

Environmental Compliance and Auditing SDG 13 

 
4.2 Results of the Sentiment Analysis 
 
Sentiment analysis indicated a generally favourable attitude connected with including green 
capabilities in TVET courses throughout the examined texts, suggesting general acceptability and 
urgency in the educational, industrial, and policy-making domains. Most importantly, very positive 
attitudes were generated by renewable energy systems and circular economy ideas, suggesting their 
apparent significant influence and need. 
 
4.3 Topic Modelling Insights 
 
Different theme clusters produced by the LDA-based topic modelling amply show the regions of the 
focus of current and future industrial demands: 

• Energy and Resource Management: Ideally, these subjects should immediately be prioritised 
for curricular development. 

• Sustainability Auditing and Regulatory Compliance: Equipping students with the knowledge 
necessary to negotiate challenging environmental rules properly is essential. 

• The industry emphasises the growing reliance on technical advances to solve environmental 
concerns, which are closely aligned with SDG 9 (Industry, Innovation and Infrastructure), 
innovation, and green technologies. 
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These thematic observations show that to remain relevant, current TVET programmes should 
prioritise curriculum modules covering these competencies. 
 
4.4 Keyword Extraction Outcomes 
 

Keyword extraction using TF-IDF underlined terms such as " renewable energy", "energy 
management", "circular economy", "resource efficiency", "environmental audit" and sustainability 
compliance" as most often occurring. The frequency of these keywords in many articles 
unequivocally shows the industry demand for these particular skills, confirming the need for their 
strong integration into TVET education (see Table 2 for a summary of data mining techniques). 
 

Table 2 
Summary of data mining techniques used 

Technique Purpose Example application 

Sentiment Analysis Assess sentiment towards green skills integration. Identification of positively-viewed skills 

Topic Modelling (LDA) Identify the main themes and competencies Dominant sustainability themes 

Keyword Extraction Identify recurring key competencies Key industry-demanded terms 

 
5. Discussions  

 
The study emphasises how urgently a proactive and responsive curriculum development plan 

based on data-driven methods is needed. Recognised green competencies in TVET courses promise 
significant benefits, such as improved employability, industry relevance, and meeting national and 
global sustainability targets. 

Furthermore, the study supports constant and dynamic communication among educators, 
legislators, and business players to update and change courses to meet changing sustainability 
requirements. Using such cooperative initiatives, educational opportunities can remain flexible, 
relevant, and effective in equipping a qualified workforce for sustainable economic transitions. 

Despite evident advantages, several challenges remain, including institutional inertia, resistance 
to regular curricular updates, and methodological changes. Technological limitations persist, with 
unequal access to advanced technologies essential for practical training in recognised green 
competencies. In addition, capacity development remains an issue, highlighting the need for 
institutional readiness and professional development for educators to deliver new curriculum 
modules effectively. Addressing these challenges requires strategic actions such as encouraging 
institutional support and ongoing professional training for teachers, establishing more substantial 
and more structured sector-academic partnerships to facilitate practical training and resource 
sharing, and developing supportive policy frameworks and incentives to accelerate the integration of 
identified green skills into TVET institutions. 

 
6. Conclusions 

 
Integrating sustainability-focused competencies, identified through advanced data mining 

methods such as NLP, into technical and vocational education and training (TVET) curricula is crucial 
to equipping a workforce aligned with SDGs 4,7,9, and 13. Key green competencies, including 
renewable energy systems, energy efficiency management, circular economy practices, sustainable 
resource management, and environmental compliance, were systematically classified, underscoring 
the strategic advantage of data-driven curriculum planning. To sustain this momentum, TVET 
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institutions should foster collaboration among educators, policymakers, and industry stakeholders, 
strengthen institutional capacity, use continuous data-driven updates, ensure equitable access to 
technology, and advocate for supportive policy frameworks, thus significantly enhancing the 
workforce's readiness for sustainable economic transitions. 
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