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 This article discusses the importance of innovation in vocational technology 

education as an effort to build a generation of experts who are competent in 
facing the challenges of the digital era. In the context of rapid technological 

development, vocational technology education needs to adapt to remain 

relevant to the demands of modern industry. This article highlights several key 
aspects of vocational technology education innovation, including curriculum 

adaptation relevant to industry developments, the application of practical and 
project-based learning, the utilization of technology in the learning process, 

collaboration with industry, as well as the development of soft skills. Through 
this innovative approach, it is expected that vocational technology education is 

able to produce graduates who not only have strong technical skills, but are also 

able to adapt, innovate, and contribute significantly in the ever-evolving world 
of work. With a focus on building a generation of experts in the digital era, this 

article. 
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Introduction 

In recent decades, technological developments have fundamentally changed the educational and industrial 

landscape. The digital revolution has brought significant changes in the way we learn, teach and operate in 

various industry sectors. In this era, vocational technology education has a central role in preparing individuals 

for success in an increasingly digital and complex world. 

The integration of technology in education has enabled the adoption of more interactive, personalized and 

adaptive learning models. Tools such as online learning platforms, mobile devices, augmented reality (AR), and 

virtual reality (VR) have enriched students' learning experience. These not only facilitate access to various 

resources and content, but also encourage active and collaborative participation.(Alexander et al., 2019), 

(Qushem et al., 2021),(Mota et al., 2018),(Kurdi, 2021). 

Industry has also moved towards the digital age with the development of the Industrial Revolution 4.0. 

Technologies such as the Internet of Things (IoT), artificial intelligence (AI), and automation have changed the 

way production, supply chain management, and interaction with customers. This creates new demands for a 

workforce that has skills relevant to advanced technologies.(Özdemir & Hekim, 2018),(Nahr et al., 

2021),(Djamaludin, 2021) 
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Technological developments in the industry affect the dynamics of work and the skill requirements needed 

by future professionals. Therefore, vocational technology education is key in building bridges between industry 

needs and graduate readiness. Innovations in learning methods and curricula that integrate relevant technologies 

are key in ensuring that the emerging generation of experts has skills that match the demands of the job 

market.(Anisimova et al., 2020), (P. Verma et al., 2018), (Baird & Parayitam, 2019) 

In this context, the adaptation of vocational technology education to changing technologies and industry 

needs is becoming increasingly important. Educators, education professionals and industry stakeholders have a 

shared role in developing and implementing relevant innovations to ensure that students are prepared for the 

challenges and opportunities of the fast-changing digital age.(Iturbe et al., 2009), (De los Ríos-Carmenado et al., 

2015), (Hasanefendic et al., 2016), (Voogt et al., 2018),(Indarta et al., 2022) 

The context of technological developments in education and industry creates a dynamic and opportunity-

filled landscape. Innovation in vocational technology education is key to shaping a generation of experts who 

are able to face the demands of the digital era with confidence and competence.(Johansen, 2012), (March, 1994), 

(Bartlett, 2020) 

Vocational technology education plays a crucial role in preparing individuals for the increasingly complex 

and technological world of work. In an era where technological developments are happening so fast, innovations 

in educational methods and approaches are important to ensure that students gain skills and knowledge that are 

relevant to the demands of future industries.(Kanwar et al., 2019), (Haleem et al., 2022), (Salmon, 2019) 

Today's industries are experiencing dramatic changes due to technology. Innovation in vocational 

technology education allows educational institutions to be in tune with the latest technological developments 

and industry trends. This allows students to learn about the latest technologies and working methods that they 

will encounter in the real world.(López-Carril et al., 2020), (Herrera-Aliaga & Estrada, 2022) 

Innovation in education brings opportunities to improve learning effectiveness. The use of technologies such 

as online learning platforms, simulations and specialized software can enable students to learn in a more 

interactive and practical way, accelerating the understanding of concepts and their application.(Bucea-Manea-

Țoniş et al., 2020), (Hernandez-de-Menendez et al., 2020) 

Innovation in vocational technology education enables the development of skills that are more relevant to 

industry demands. This involves integrating more advanced technical skills, such as programming, 3D design, 

device maintenance and data analysis. As such, graduates will be better prepared to face jobs in complex 

technological environments.(Lund & Karlsen, 2020), (González-Pérez & Ramírez-Montoya, 2022),(H. Singh & 

Miah, 2020) 

Innovation in education can also stimulate students' creativity and their ability to solve problems. Through 

technology-based projects and real-world challenges, students can develop critical thinking, analysis and 

innovative solution skills.(Ghoniem & Ghoniem, 2022), (Sigit et al., 2022), (Mashudi, 2021) 

Students who have access to innovations in vocational technology education have an advantage in career 

competition. They have been trained in the latest technologies and have skills relevant to industry needs, thus 

increasing their chances of getting a good job and thriving in the technology field.(Kasneci et al., 2023), (Spöttl 

& Windelband, 2021) 

Innovation in vocational technology education is key to ensuring that education remains relevant, effective, 

and prepares students to face the challenges and opportunities in an ever-evolving digital age. By adopting 

innovation, educational institutions can make a real contribution in shaping a generation of experts who will 

have a positive impact on industry and society.(Mathivanan et al., 2021), (Morawska-Jancelewicz, 2022), (Khan 

et al., 2021) 

The aim of this article is to provide valuable insights for practitioners, researchers and policymakers in their 

efforts to prepare a generation of experts in the digital age. With this aim, this article can provide valuable 

insights for practitioners, researchers, and policymakers in their efforts to prepare a generation of experts for the 

digital age. 

 

Method 

The literature research method (literature review) is an approach used to identify, analyze, and compile 

relevant literature on a particular topic. This method is useful for presenting a comprehensive understanding of 

the status of existing research, comparing previous research results, identifying gaps in knowledge, and 
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formulating theoretical foundations for further research.(Snyder, 2019), (Linnenluecke et al., 2020), (Kumar & 

Alok, 2020), (Ridwan et al., 2021), (Widiasih et al., 2020) 

The literature research approach is a systematic method for collecting, identifying, evaluating, and 

synthesizing information from various literature sources relevant to a particular research topic. This approach 

allows researchers to comprehensively and deeply understand the topic by utilizing existing knowledge. 

Results and Discussions 

Innovation in Vocational Technology Education 

Different types of innovations in vocational technology education have emerged in response to technological 

developments and changing industry needs. Here are some examples of the types of innovation: 

1. Project-Based Learning 

This method emphasizes learning through real projects that reflect workplace situations. Students work 

on projects that simulate real-world situations, integrating technical skills with problem solving and 

collaboration.(Sutaphan & Yuenyong, 2019), (Fajra & Novalinda, 2020) 

2. Online and Blended Learning 

With the development of digital technology, vocational technology education is increasingly utilizing 

online-based learning. It involves virtual learning platforms, online classes and online learning resources 

to deliver course content to students, either fully or in combination with face-to-face learning (blended 

learning).(Yustina et al., 2020), (Chiemeke & Imafidor, 2020) 

3. Simulation and Virtual Reality (VR) 

Simulation and VR are used to create realistic and interactive learning experiences. Students can engage 

in simulations of real situations such as machine assembly or handling hazardous materials without any 

real physical risks.(Pottle, 2019), (So et al., 2019), (Makransky & Petersen, 2019) 

4. Application of Augmented Reality (AR) in Learning 

AR combines the physical world with digital elements through devices such as smartphones or tablets. 

In vocational technology education, AR can be used to provide visual guidance as students practice 

technical skills.(Iatsyshyn et al., 2020) (Arkhypov et al., 2020), (Sulistianingsih & Kustono, 2022), 

(Sutopo, 2023) 

5. Use of Data Processing Technology (Big Data) for Curriculum Development 

The use of big data in educational analytics allows institutions to track student progress in detail and 

identify areas that need strengthening in the curriculum. This can facilitate the development of a more 

adaptive curriculum.(Alam, 2022)(Chen et al., 2020)(Alam, 2021)(Sugandini et al., 2022) 

6. Game-based Training (Gamification) 

This approach integrates game elements in learning to increase student motivation and facilitate better 

understanding of concepts. Students can be given real challenges or scenarios that they need to solve in 

a game format.(Saleem et al., 2022) (Jääskä & Aaltonen, 2022) (Martua, 2022) 

7. Virtual Classroom with Video Conference Technology 

Video conferencing technology allows students to participate in virtual classes guided by instructors or 

industry professionals remotely. This allows access to a wider range of knowledge and experience 

without having to be physically in the same place.(Mason et al., 2019) (Chylinski et al., 2020) (Hariyadi 

et al., 2023) 

8. Use of Technology Tools and Devices in Practice 

Innovation can also be the use of new technological tools or devices in hands-on practical processes. 

For example, the introduction of robotics in automation lessons or the use of design software in graphic 

design lessons. (Pang et al., 2022)(Zanin et al., 2022)(Benis et al., 2021) 

9. Industry-Oriented Curriculum Development 

The curriculum is developed based on inputs from industry and the world of work, ensuring that the 

skills and knowledge taught are in line with industry needs.(M. Ali et al., 2020)(Adeosun et al., 2022) 

10. Use of Online Resources 

Online resources such as video tutorials, articles, and learning modules that can be accessed online 

expand students' access to information and learning materials.(Haryadi et al., 2023)(Candra et al., 

2023)(Idris, 2018) 

11. Soft Skills Approach 

In addition to technical skills, innovation can also include the development of interpersonal skills, 

communication skills and creativity required in the world of work.(Prabhu & Aithal, 2021)(J. P. Verma 

et al., 2019) 
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The high demand for technological skills in the world of work has driven the development of various types of 

innovations in vocational technology education. Each innovation has the potential to enhance student learning 

and prepare them for the challenges of an ever-evolving digital age. 

Impact of Innovation on the Generation of Experts 

Innovation in vocational technology education has a number of significant positive effects on the formation of 

a generation of experts who are ready to face the challenges of the digital age. Here are some of those positive 

effects: 

1. Enhancement of Relevant Technical Skills 

Innovations in vocational technology education allow students to develop technical skills that match 

industry needs. They are trained in the use of tools and technologies that they will actually use in the 

workplace. This gives them a competitive edge in an increasingly sophisticated job market. (Jacobs & 

Worth, 2019) (Wu & Liu, 2021)(B. Nainggolan et al., 2020) 

2. Deep Practical Experience 

Through innovations such as simulation, VR, or hands-on practice with technological devices, students 

gain in-depth practical experience. This helps them develop a better understanding of how technology 

works and how to cope with it.(Ogegbo & Ramnarain, 2022) (Ponamon et al., 2023) 

3. Improved Critical Thinking and Problem Solving Skills 

Innovations such as project-based learning or gamification encourage students to think critically and 

creatively in solving problems. They are encouraged to apply their technical skills to complex challenges 

and find innovative solutions.(Bühler et al., 2022) (DeCoito & Briona, 2023) 

4. Improved Collaboration and Team Skills 

Many innovations lead students to work in teams or collaborate on projects. This reflects real-world 

dynamics where collaboration is key to achieving optimal results. Students learn to work with others, 

share ideas and solve problems together.(Zubaidah, 2016) (Hero & Lindfors, 2019) 

5. High Motivation in Learning 

Innovations often involve elements of games or simulations that make learning more engaging and fun. 

This can increase students' motivation to learn, as they feel engaged and challenged to achieve goals in 

an interactive environment.(Trinova, 2012) (Landers & Sanchez, 2022) (Muntean et al., 2019) 

6. Better Preparation for Industry 4.0 

Innovations in vocational technology education help students understand the underlying technological 

concepts behind the Industrial Revolution 4.0, such as IoT, AI, and automation. They will be better 

prepared for the changes taking place in various industry sectors.(Kosim, 2020) (Amirulloh et al., 2022)  

7. Increased Self-Confidence 

A deep understanding of technology and the ability to use it effectively boosts students' confidence. 

They feel more prepared to contribute in real projects or handle technical tasks in the work 

environment.(Ertmer & Ottenbreit-Leftwich, 2010) (Mumford, 2006) (Groff & Mouza, 2008) (Felder 

& Brent, 2007) 

8. Alignment with Industry Developments 

Through innovation, students get better exposure to the latest industry developments. This helps them 

understand industry requirements and trends, making them more relevant and valuable in the job 

market. (Archer & Davison, 2008)(Jackson et al., 2023) 

9. Readiness to Embrace Change 

Innovation teaches students to embrace change openly. They get used to the use of new technologies 

and adapt to a fast-changing environment, which are essential skills in the digital age. (Khalid et al., 

2018) (Selwyn et al., 2017). 

By bringing about these positive effects, innovations in vocational technology education help shape a generation 

of experts who are ready and confident to face the challenges and opportunities of an increasingly digitalized 

world. 

Impact of Innovation on Students' Skills and Knowledge 

Innovations in vocational technology education have a significant impact on students' skills and knowledge. 

This impact involves changes in the way students learn, understanding of concepts, and development of relevant 

skills. The following is a further analysis of the impact of innovations on students' skills and knowledge: 

1. Improved Technical Skills 

Innovations that involve the use of new technologies, such as simulations or hands-on practice with 

technological devices, directly improve students' technical skills. They have the opportunity to 
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experience and practice using actual devices that they will encounter in the workplace.(Pellas et al., 

2020) (Sitthiworachart et al., 2022) (Gamage et al., 2020) 

2. Deeper Understanding of Concepts 

Educational innovation allows students to delve deeper into technological concepts through practical 

experience or better visualization. This helps them understand the concepts thoroughly and apply them 

in a real context. (Marougkas et al., 2023) (Shofiyyah et al., 2023) 

3. Enhanced Critical Thinking Ability 

Innovations often encourage students to think critically in problem solving. For example, through 

project-based learning or gamification, students are exposed to problems that require analytical and 

creative thinking to solve. (Qureshi & Jamil, 2023) (Dar & Fayaz, 2023) (Tsalapatas et al., 2020) 

4. Development of Collaboration and Communication Skills 

Innovations that involve teamwork or collaboration in projects encourage the development of students' 

collaboration and communication skills. They learn how to interact with teammates, share ideas, and 

unify views to achieve a common goal. (Sharif et al., 2021) (Phuthong, 2021) 

5. Readiness for Advanced Technology 

With innovations that integrate advanced technologies, students have the opportunity to become 

familiar with technologies that they may not have experienced before. This helps them feel more 

prepared for technological developments at work and in everyday life. (Goh & Sigala, 2020) (Akuratiya 

& Meddage, 2020) 

6. Improved Problem-Solving Skills 

Innovation often exposes students to challenges and situations that require problem-solving. This 

teaches them how to identify problems, analyze their causes, and develop effective solutions. (Hang & 

Van, 2020) (Okolie et al., 2022) 

7. Digital Skills Development 

Educational innovations allow students to interact with digital technologies in the learning 

environment. This helps them develop digital skills such as online navigation, software usage, and 

digital literacy that are increasingly important in an increasingly connected world. (Garzón Artacho et 

al., 2020) (Biletska et al., 2021) 

8. Increased Confidence 

Innovation helps students feel more confident in facing technical challenges and real-world situations. 

By practicing using technology and developing skills, they feel better prepared to take on various tasks 

and projects in the workplace. (Maheshwari, 2023) (Bizami et al., 2023) 

9. Motivation in Learning 

Innovations that present learning in engaging formats such as games or simulations can increase 

students' motivation to learn. They feel more involved in the learning process and are more motivated 

to achieve good results. (Mukhid, 2023) (Maulia, 2023) (Sofiyah & Dwiratnawati, 2023) (Makri et al., 

2021) (Nieto-Escamez & Roldán-Tapia, 2021) 

10. Understanding of Technology's Relevance to the Real World 

Innovation helps students understand how technology is actually applied in the real world. It helps them 

see the connection between what they learn in the classroom and how technology is used in industry 

and society. (Keshav et al., 2022) (Baran et al., 2021) 
In order to prepare a generation of experts ready for the digital age, the positive impacts of innovation in 

vocational technology education are crucial in ensuring that students have the relevant and necessary skills and 

knowledge. 

Challenges in Implementing Vocational Technology Education Innovations 

The implementation of innovations in vocational technology education does not always go smoothly and 

can be faced with a number of challenges that need to be overcome. Here are some common challenges in 

implementing innovations in vocational technology education: 

1. Availability of Adequate Technology Resources 

Not all educational institutions have equal access to the hardware and software needed to implement 

innovations, such as computers, mobile devices, or VR devices. Limited availability of resources can 

hinder the implementation of innovations.(Nikolopoulou, 2020) (Al-Ansi et al., 2021) 

2. Curriculum that is not aligned with industry needs 

Curricula that are not aligned with industry technological developments can produce graduates with 

irrelevant or obsolete skills. Creating a curriculum that is current and relevant to industry developments 

is a major challenge. (Nkwanyane et al., 2020) (Erdem, 2019) 

3. Lack of Industry Involvement 
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Industry involvement in the development and implementation of vocational technology education 

innovations is crucial. Lack of collaboration between educational institutions and industry can result in 

a lack of understanding of the actual needs of the industry. (Okpatrioka & Sopian, 2023) (Dedaj, 2022) 

4. Lack of Teacher Skills in New Technology 

Teachers may not yet have sufficient skills in the new technologies introduced in the innovation. 

Intensive training is needed to ensure that teachers have a deep understanding and skills in teaching 

new technologies to students. (Oke & Fernandes, 2020) (Tejedor et al., 2021) 

5. Technical and Infrastructure Barriers 

Technology often requires good infrastructure such as a stable internet connection and adequate 

hardware. In less developed areas, technical and infrastructure barriers can be a serious obstacle. (Okoye 

et al., 2023) (Neffati et al., 2021) 

6. Resistance to Change 

Students, teachers or school administration may show resistance to changes in existing learning 

methods or curriculum. They may feel uncomfortable or unsure about new technologies or different 

learning approaches. (Mikheev et al., 2021) (DeMatthews et al., 2021) 

7. Evaluation and Measurement of Effectiveness 

Quantitatively measuring the effectiveness of vocational technology education innovations can be 

challenging. The process involves many variables and takes time to see the long-term impact on student 

learning. (Ley et al., 2022) (Kuleto et al., 2021) 

8. Implementation Costs 

Innovations often involve additional costs for procurement of devices, software, teacher training and 

technology maintenance. For institutions with limited budgets, these costs can be an obstacle. (Olatunji 

et al., 2023) (Mohmad, 2023) 

9. Compatibility with Local Culture and Values 

Some innovations may not fit with local culture or values, making it difficult for students or 

communities to accept. The existence of cultural gaps can hinder the acceptance of innovations. 

(Nurkholidha et al., n.d.) (Taraju et al., 2022) 

10. Sustainability of Innovation 

Some innovations may be successful initially, but are difficult to sustain in the long term due to changing 

conditions or priorities. Maintaining the sustainability of innovations is a challenge that needs to be 

overcome. (H. Nainggolan et al., 2023) (Prameswari, 2022) 

Overcoming these challenges requires strong collaboration between educational institutions, industry, teachers, 

students and other relevant parties. A planned and concerted effort must be made to ensure that vocational 

technology education innovations provide the maximum benefit to students and their preparation for the world 

of work. 

The Impact of Challenges on the Generation of Experts. 

The challenges of implementing innovations in vocational technology education can have a significant impact 

on the formation of the next generation of experts. This impact can include various aspects of student formation, 

in terms of skills, knowledge, mentality, and their readiness to face the world of work. Here are some of the 

possible influences: 

1. Inadequate Technical Skills 

Challenges related to the availability of technological resources and a curriculum that is not in line with 

industry needs may result in graduates with inadequate technical skills. They may face difficulties in 

applying these skills in the workplace. (Alawi et al., 2022) (Mulyasa, 2021) (Farndale et al., 2021) 

2. Lack of Deep Understanding of Technology Concepts 

Challenges in curriculum development that is relevant to industry technological developments may 

hinder students' in-depth understanding of current technical concepts. This may affect their ability to 

adapt to new emerging technologies. (Luan et al., 2020) (Mian et al., 2020) 

3. Lack of Engagement and Collaboration Skills 

Lack of industry engagement or lack of a collaborative approach to learning can reduce students' ability 

to work in teams, collaborate and communicate with colleagues in the real world. (Kim et al., 2022) 

(Rohm et al., 2021) 

4. Low Readiness for Advanced Technology 

If students do not get enough exposure to the latest technologies due to technical constraints or a lagging 

curriculum. they may not be prepared to deal with technological changes in the workplace. 

(Muthuprasad et al., 2021) (Jerry & Yunus, 2021) 

5. Lack of Critical and Creative Thinking Skills 
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Challenges in implementing project-based learning or problem-solving methods can result in a lack of 

development of critical and creative thinking skills in students. This could affect their ability to deal 

with complex situations in the real world. (Arif & Putri, 2022) (Saad & Zainudin, 2022) 

6. Low Digital Skills and Technological Literacy 

Inability to access and operate technology due to infrastructure barriers or lack of training can hinder 

the development of digital skills and technological literacy that are essential in today's workforce. (Lina 

Anatan, 2022) (Putra et al., 2022) 

7. Resistance to Change and Innovation 

The challenge of dealing with resistance to change can hinder the adoption of innovations by students. 

This can slow down the development of adaptability and flexibility skills required in the fast-changing 

world of work. (de Luna & Encio, 2023) (I. Ali & Aboelmaged, 2022) 

8. Suboptimal Motivation in Learning 

Technical constraints or the incompatibility of innovations with local culture can reduce students' 

motivation to learn. This can impact participation rates, concept understanding, and skill development. 

(W. Li et al., 2021) (Silver et al., 2019) 

9. Lack of Industry Engagement 

Challenges in establishing strong collaboration between educational institutions and industry may result 

in a limited understanding of the actual needs of the industry. This may result in graduates who do not 

fully match the demands of the world of work. (Stachová et al., 2019) (Veile et al., 2020) 

10. Lack of Understanding of Technology's Linkage to the Real World 

Challenges in integrating technology with the real world or the lack of emphasis on practical 

applications in innovation may result in graduates who have theoretical knowledge, but struggle to 

relate it to the world of work. (J. Singh et al., 2022) (Joshi & Gupta, 2021) 

In order to minimize these negative influences and maximize the results of forming a generation of experts, 

collaborative efforts between educational institutions, industry, and other relevant stakeholders are required. 

Addressing these challenges effectively will help ensure that vocational technology education innovations truly 

benefit students and prepare them for the dynamic world of work. 

Implications for Vocational Technology Education 

Innovation in vocational technology education has broad and significant implications for the education system, 

students, industry and society as a whole. Here are some important implications of innovation in vocational 

technology education: 

1. Improved Quality of Learning 

Innovation brings about changes in teaching and learning methods, enabling the delivery of more 

engaging, interactive and relevant material. This has an impact on improving the quality of education, 

enhancing student understanding, and optimizing learning outcomes. (Binks et al., 2021) (García-

Morales et al., 2021) 

2. Strengthening Linkages with Industry 

By incorporating industrial elements in educational innovation, students are closer to the realities of the 

workplace. This helps to solidify the linkage of education to industry needs, preparing graduates who 

are better equipped to contribute to the world of work. (Ramírez-Montoya et al., 2021) (Faqih & 

Jaradat, 2021) 

3. Development of Relevant Skills 

Innovation enables the development of skills that are in line with industry and technological 

developments. This helps students gain relevant and actual skills, making them more adaptable to the 

demands of the world of work. (Fajaryati et al., 2020) (L. Li, 2022) 

4. Improved Critical and Creative Thinking Skills 

Innovative learning methods, such as project-based learning, encourage students to think critically and 

creatively. They are encouraged to solve complex problems and formulate innovative solutions, which 

are essential skills in the world of work. (Sumarni & Kadarwati, 2020) (Megayanti et al., 2020) 

5. Introduction to Latest Technology 

Innovation enables the introduction of the latest technology to students. It gives them early exposure to 

industry-relevant technologies, preparing them to deal with technological changes and revolutions. 

(Bocevska & Nedelkovski, 2021) (Indrawati & Kuncoro, 2021) 

6. Deep Practical Experience 

Innovation allows students to gain in-depth practical experience through simulations, experiments, or 

internships. This teaches them how to apply knowledge in real situations and understand the daily 

challenges of the workplace. (Gong, 2021) (Kwangmuang et al., 2021) 
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7. Soft Skills Development 

Innovation often emphasizes the development of soft skills such as communication, teamwork, and 

leadership. This prepares students to interact with coworkers and contribute in a professional 

environment. (Karimi & Pina, 2021) (ELMOUTANNA & MOTII, 2022) 

8. Lifelong Learning 

Innovation encourages the understanding that learning is a lifelong process. Students are inspired to 

continue learning and keep up with technological and industry developments even after they graduate. 

(Kang, 2021) (AlMalki & Durugbo, 2023) 

9. Readiness for Digital Challenges 

Innovation prepares students for digital change and technological adaptation in the work environment. 

They learn to not only keep up with developments but also become innovators in these changes. 

(Triviño-Cabrera et al., 2021) (Alakrash & Razak, 2022) 

10. Increased Graduate Competitiveness 

With the implementation of innovation, vocational technology education graduates have higher 

competitiveness in the job market. They come with relevant skills, up-to-date knowledge and readiness 

to adapt. (Semerikov et al., 2020) (Haryani et al., 2021) 

These implications show that innovation in vocational technology education brings significant changes in the 

way education is conducted and how students prepare for the world of work. By maximizing the potential of 

innovation, vocational technology education can provide graduates who are better prepared to face the 

challenges and opportunities of the digital era. 

Steps for Sustainable Innovation Development in Vocational Technology Education 

The development of sustainable innovation in vocational technology education is a process that requires 

continuous effort and a holistic approach. Innovation should be an integral part of how vocational technology 

education is designed and run. The following are steps that can be taken to develop sustainable innovation in 

vocational technology education: 

1. Industry and Labor Market Needs Analysis 

Conducting an in-depth analysis of industry needs and labor market trends is an important first step. 

This will help in identifying the skills, knowledge and qualifications required by graduates in facing 

industry challenges. (Prapinit et al., 2019) (Pocol et al., 2022) 

2. Collaboration with Industry 

Building strong partnerships with relevant companies and industries is key. This collaboration allows 

for better information on industry needs and enables the development of relevant curricula and the latest 

technology. (Mourtzis et al., 2022) (Okolie et al., 2021) 

3. Identifying Technology and Innovation Trends 

Educators and curriculum development teams need to constantly monitor the latest technology trends 

and innovations in related industries. This helps in deciding which trends should be adopted in the 

learning process. (Cico et al., 2021) (Broo et al., 2022) 

4. Teacher Training and Development 

Teachers need to be provided with continuous training and development in the latest technologies and 

innovative learning methods. They need to stay current in their knowledge and skills in order to teach 

effectively. (Rao, 2019) (Valverde-Berrocoso et al., 2021) 

5. Experimentation with Innovative Learning Methods 

Innovation developers should not be afraid to try different learning methods. Experimentation with 

project-based learning, simulation, online learning, or a combination of these can help identify the most 

effective methods. (Logeshwaran et al., 2022) (Portuguez Castro et al., 2019) 

6. Use of Advanced Technology in Learning 

Integrating advanced technologies such as VR (Virtual Reality), AR (Augmented Reality), or AI 

(Artificial Intelligence) in the learning process can make learning more interesting and realistic for 

students. (Gandedkar et al., 2021) (Zhang et al., 2022) 

7. Measuring Innovation Effectiveness 

Measuring the effectiveness of innovations is important. This involves collecting data on student 

achievement, engagement levels, and the real impact of the innovation in their readiness for the world 

of work. (Faulks et al., 2021) (Supriani et al., 2022) 

8. Feedback from Students and Industry 

Getting feedback from students on their experience with the innovation can help to continuously refine 

and adjust the approach. Feedback from industry is also important to ensure that graduates meet 

expectations. (Ghani & Muhammad, 2019) (De Villiers, 2021) 

9. Flexibility in Curriculum Updates 
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The curriculum needs to be designed with flexibility to allow for the integration of technology and 

changing industry trends without having to change the entire curriculum structure. (Benavides et al., 

2020) (Volungeviciene et al., 2020) 

10. Research and Publications 

Facilitating research and publications in the field of vocational technology education innovation can 

provide further insight into what works and how innovation development can continue.(Sudarmo et 

al., 2021) (Griffiths et al., 2022) 

It is important to remember that innovation is not static. It must constantly adapt to industry and technological 

developments. By taking these steps, vocational technology education institutions can continue to develop 

innovations that are relevant, effective and sustainable in preparing graduates for the challenges of a dynamic 

world of work. 

Conclusions 

In order to prepare a generation of experts ready for the digital age, the positive impacts of innovations in 

vocational technology education are crucial in ensuring that students have the relevant and necessary skills and 

knowledge. Some common challenges in implementing vocational technology education innovations 

Availability of Adequate Technology Resources Not all educational institutions have equal access to the 

hardware and software needed to implement innovations, such as computers, mobile devices, or VR devices. 

Inability to access and operate technology due to infrastructure barriers or lack of training can hinder the 

development of digital skills and technological literacy that are essential in today's workforce. Implications for 

Vocational Technology Education Innovation in vocational technology education has broad and significant 

implications for the education system, students, industry, and society as a whole.  

Several ways in which innovations in education affect students' preparation to contribute to industry are 

Enhanced Relevant Technical Skills Innovations in education enable students to develop technical skills relevant 

to industry demands. 

They enter the workforce with relevant skills, an understanding of technology, and an adaptive mentality, 

making them better prepared to meet the challenges and opportunities in an ever-evolving work environment. 

Steps for Sustainable Innovation Development in Vocational Technology Education Sustainable innovation 

development in vocational technology education is a process that requires continuous efforts and a holistic 

approach. 

References 

 

Adeosun, O. T., Shittu, A. I., & Owolabi, T. J. (2022). University internship systems and preparation of young 

people for world of work in the 4th industrial revolution. Rajagiri Management Journal, 16(2), 164–179. 

Akuratiya, D. A., & Meddage, D. N. (2020). Students’ perception of online learning during COVID-19 

pandemic: A survey study of IT students. Tablet, 57(48), 23. 

Al-Ansi, A. M., Garad, A., & Al-Ansi, A. (2021). ICT-based learning during Covid-19 outbreak: Advantages, 

opportunities and challenges. Gagasan Pendidikan Indonesia, 2(1), 10–26. 

Alakrash, H. M., & Razak, N. A. (2022). Education and the Fourth Industrial Revolution: Lessons from 

COVID-19. Computers, Materials & Continua, 70(1). 

Alam, A. (2021). Should robots replace teachers? Mobilisation of AI and learning analytics in education. 2021 

International Conference on Advances in Computing, Communication, and Control (ICAC3), 1–12. 

Alam, A. (2022). Employing adaptive learning and intelligent tutoring robots for virtual classrooms and smart 

campuses: reforming education in the age of artificial intelligence. In Advanced Computing and Intelligent 

Technologies: Proceedings of ICACIT 2022 (pp. 395–406). Springer. 

Alawi, D., Sumpena, A., Supiana, S., & Zaqiah, Q. Y. (2022). Implementasi Kurikulum Merdeka Belajar 

Kampus Merdeka Pasca Pandemi Covid-19. Edukatif: Jurnal Ilmu Pendidikan, 4(4), 5863–5873. 

Alexander, B., Ashford-Rowe, K., Barajas-Murph, N., Dobbin, G., Knott, J., McCormack, M., Pomerantz, J., 

Seilhamer, R., & Weber, N. (2019). Horizon report 2019 higher education edition. EDU19. 

Ali, I., & Aboelmaged, M. G. S. (2022). Implementation of supply chain 4.0 in the food and beverage industry: 

perceived drivers and barriers. International Journal of Productivity and Performance Management, 71(4), 1426–

https://jurnal.iicet.org/index.php/sajts/index


Rama, A., et al Jurnal EDUCATIO (Jurnal Pendidikan Indonesia) 

Vol. 9, No. 2, 2023, pp. 1079-1097 
   1088 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

1443. 

Ali, M., Triyono, B., & Koehler, T. (2020). Evaluation of Indonesian technical and vocational education in 

addressing the gap in job skills required by industry. 2020 Third International Conference on Vocational 

Education and Electrical Engineering (ICVEE), 1–6. 

AlMalki, H. A., & Durugbo, C. M. (2023). Institutional innovation readiness for Industry 4.0 education: towards 

an inclusive model for the Kingdom of Bahrain. Asian Journal of Technology Innovation, 31(2), 309–335. 

Amirulloh, M., Muchtar, H. N., & Saleh, K. A. (2022). PENINGKATAN PEMAHAMAN HAK 

KEKAYAAN INTELEKTUAL BAGI GURU DAN SISWA SMKN 4 KUNINGAN JAWA BARAT. 

Kumawula: Jurnal Pengabdian Kepada Masyarakat, 5(2), 229–237. 

Anisimova, T., Sabirova, F., & Shatunova, O. (2020). Formation of design and research competencies in future 

teachers in the framework of STEAM education. International Journal of Emerging Technologies in Learning 

(IJET), 15(2), 204–217. 

Archer, W., & Davison, J. (2008). Graduate employability. The Council for Industry and Higher Education, 1(20). 

Arif, Y., & Putri, Z. M. (2022). Project-Based Learning (PjBL) Method: Improving Critical Thinking and 

Problem-Solving Skills for Nursing Students. 4th International Conference on Educational Development and 

Quality Assurance (ICED-QA 2021), 48–52. 

Arkhypov, I. O., Krupskуi, O. P., Velykodnyi, D. O., & Filatov, S. V. (2020). Methodology of using mobile apps 

with augmented reality in students’ vocational preparation process for transport industry. 

Baird, A. M., & Parayitam, S. (2019). Employers’ ratings of importance of skills and competencies college 

graduates need to get hired: Evidence from the New England region of USA. Education+ Training, 61(5), 

622–634. 

Baran, M., Baran, M., Karakoyun, F., & Maskan, A. (2021). The influence of project-based STEM (PjbL-

STEM) applications on the development of 21st century skills. Journal of Turkish Science Education, 18(4), 

798–815. 

Bartlett, N. (2020). Recovering histories: life and labor after heroin in reform-era China. Univ of California Press. 

Benavides, L. M. C., Tamayo Arias, J. A., Arango Serna, M. D., Branch Bedoya, J. W., & Burgos, D. (2020). 

Digital transformation in higher education institutions: A systematic literature review. Sensors, 20(11), 

3291. 

Benis, A., Amador Nelke, S., & Winokur, M. (2021). Training the Next Industrial Engineers and Managers 

about Industry 4.0: a case study about challenges and opportunities in the COVID-19 Era. Sensors, 21(9), 

2905. 

Biletska, I. O., Paladieva, A. F., Avchinnikova, H. D., & Kazak, Y. Y. (2021). The use of modern technologies 

by foreign language teachers: developing digital skills. Linguistics and Culture Review, 5(S2), 16–27. 

Binks, A. P., LeClair, R. J., Willey, J. M., Brenner, J. M., Pickering, J. D., Moore, J. S., Huggett, K. N., 

Everling, K. M., Arnott, J. A., & Croniger, C. M. (2021). Changing medical education, overnight: the 

curricular response to COVID-19 of nine medical schools. Teaching and Learning in Medicine, 33(3), 334–

342. 

Bizami, N. A., Tasir, Z., & Kew, S. N. (2023). Innovative pedagogical principles and technological tools 

capabilities for immersive blended learning: a systematic literature review. Education and Information 

Technologies, 28(2), 1373–1425. 

Bocevska, A., & Nedelkovski, I. (2021). OVERVIEW OF THE NEW TECHNOLOGIES IMPACTING 

HIGHER EDUCATION. HORIZONS INTERNATIONAL SCIENTIFIC JOURNAL Series B Natural 

Sciences and Mathematics, Engineering and Technology, Biotechnology, Medicine and Health Sciences, 9, 7–17. 

Broo, D. G., Kaynak, O., & Sait, S. M. (2022). Rethinking engineering education at the age of industry 5.0. 

Journal of Industrial Information Integration, 25, 100311. 

Bucea-Manea-Țoniş, R., Bucea-Manea-Țoniş, R., Simion, V. E., Ilic, D., Braicu, C., & Manea, N. (2020). 

Sustainability in higher education: The relationship between work-life balance and XR e-learning facilities. 

Sustainability, 12(14), 5872. 

https://jurnal.iicet.org/index.php/sajts/index


 

 

1089 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Vocational Technology Education Innovation: Building a Generation of Experts in the Digital 
Age 

Bühler, M. M., Jelinek, T., & Nübel, K. (2022). Training and preparing tomorrow’s workforce for the fourth 

industrial revolution. Education Sciences, 12(11), 782. 

Candra, D. A., Lubis, A., Wahyudi, S., Setiawan, A., & Santosa, F. (2023). PELATIHAN PENGGUNAAN 

INTERNET OF THINGS BAGI GURU SDN 027 RAMBAH. JURNAL MASYARAKAT NEGERI 

ROKANIA, 4(1), 330–341. 

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review. Ieee Access, 8, 75264–75278. 

Chiemeke, S., & Imafidor, O. M. (2020). Web-based learning in periods of crisis: Reflections on the impact of 

Covid-19. International Journal of Computer Science & Information Technology (IJCSIT) Vol, 12. 

Chylinski, M., Heller, J., Hilken, T., Keeling, D. I., Mahr, D., & de Ruyter, K. (2020). Augmented reality 

marketing: A technology-enabled approach to situated customer experience. Australasian Marketing Journal, 

28(4), 374–384. 

Cico, O., Jaccheri, L., Nguyen-Duc, A., & Zhang, H. (2021). Exploring the intersection between software 

industry and Software Engineering education-A systematic mapping of Software Engineering Trends. 

Journal of Systems and Software, 172, 110736. 

Dar, S. A., & Fayaz, A. (2023). The Value of Innovation in Educational Settings. Journal of Learning and 

Educational Policy (JLEP) ISSN: 2799-1121, 3(05), 12–22. 

De los Ríos-Carmenado, I., Lopez, F. R., & Garcia, C. P. (2015). Promoting professional project management 

skills in engineering higher education: Project-based learning (PBL) strategy. International Journal of 

Engineering Education, 31(1), 184–198. 

de Luna, A. M., & Encio, H. A. (2023). Adaptability, Acceptance and Resistance to Change of Local College 

Personnel in the Province of Batangas Philippines: Basis for Organizational Change Management 

Framework. European Journal of Business and Management Research, 8(4), 64–73. 

De Villiers, R. (2021). Seven principles to ensure future-ready accounting graduates–a model for future research 

and practice. Meditari Accountancy Research, 29(6), 1354–1380. 

DeCoito, I., & Briona, L. K. (2023). Fostering an entrepreneurial mindset through project-based learning and 

digital technologies in STEM teacher education. In Enhancing entrepreneurial mindsets through STEM 

education (pp. 195–222). Springer. 

Dedaj, Z. (2022). The role of the University of Prishtina in knowledge creation and transfer: Are university-

industry linkages increasing? Ekonomski Vjesnik/Econviews-Review of Contemporary Business, Entrepreneurship 

and Economic Issues, 35(2), 429–440. 

DeMatthews, D. E., Serafini, A., & Watson, T. N. (2021). Leading inclusive schools: Principal perceptions, 

practices, and challenges to meaningful change. Educational Administration Quarterly, 57(1), 3–48. 

Djamaludin, N. (2021). Membentuk Karakter Kepemimpinan Remaja di Era Revolusi Industri 4.0. Jurnal 

Pustaka Dianmas, 1(1), 1–5. 

ELMOUTANNA, N., & MOTII, N. (2022). Soft skills from university to workplace: A literature review. 

International Journal of Accounting, Finance, Auditing, Management and Economics, 3(5–1), 187–198. 

Erdem, C. (2019). CHAPTER ONE INTRODUCTION TO 21ST CENTURY SKILLS AND EDUCATION 

CAHIT ERDEM. 21st Century Skills and Education, 1. 

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2010). Teacher technology change: How knowledge, confidence, 

beliefs, and culture intersect. Journal of Research on Technology in Education, 42(3), 255–284. 

Fajaryati, N., Budiyono, Akhyar, M., & Wiranto. (2020). The employability skills needed to face the demands 

of work in the future: Systematic literature reviews. Open Engineering, 10(1), 595–603. 

Fajra, M., & Novalinda, R. (2020). Project Based Learning: Innovation To Improve the Suitability of Productive 

Competencies in Vocational High Schools With the Needs of the World of Work. International Journal Of 

Multi Science, 1(08), 1–11. 

Faqih, K. M. S., & Jaradat, M.-I. R. M. (2021). Integrating TTF and UTAUT2 theories to investigate the 

adoption of augmented reality technology in education: Perspective from a developing country. Technology 

in Society, 67, 101787. 

https://jurnal.iicet.org/index.php/sajts/index


Rama, A., et al Jurnal EDUCATIO (Jurnal Pendidikan Indonesia) 

Vol. 9, No. 2, 2023, pp. 1079-1097 
   1090 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Farndale, E., Thite, M., Budhwar, P., & Kwon, B. (2021). Deglobalization and talent sourcing: Cross‐national 

evidence from high‐tech firms. Human Resource Management, 60(2), 259–272. 

Faulks, B., Song, Y., Waiganjo, M., Obrenovic, B., & Godinic, D. (2021). Impact of empowering leadership, 

innovative work, and organizational learning readiness on sustainable economic performance: an 

empirical study of companies in Russia during the COVID-19 pandemic. Sustainability, 13(22), 12465. 

Felder, R. M., & Brent, R. (2007). Cooperative learning. Active Learning: Models from the Analytical Sciences, 970, 

34–53. 

Gamage, K. A. A., Wijesuriya, D. I., Ekanayake, S. Y., Rennie, A. E. W., Lambert, C. G., & Gunawardhana, 

N. (2020). Online delivery of teaching and laboratory practices: Continuity of university programmes 

during COVID-19 pandemic. Education Sciences, 10(10), 291. 

Gandedkar, N. H., Wong, M. T., & Darendeliler, M. A. (2021). Role of virtual reality (VR), augmented reality 

(AR) and artificial intelligence (AI) in tertiary education and research of orthodontics: An insight. Seminars 

in Orthodontics, 27(2), 69–77. 

García-Morales, V. J., Garrido-Moreno, A., & Martín-Rojas, R. (2021). The transformation of higher education 

after the COVID disruption: Emerging challenges in an online learning scenario. Frontiers in Psychology, 

12, 616059. 

Garzón Artacho, E., Martínez, T. S., Ortega Martin, J. L., Marin Marin, J. A., & Gomez Garcia, G. (2020). 

Teacher training in lifelong learning—The importance of digital competence in the encouragement of 

teaching innovation. Sustainability, 12(7), 2852. 

Ghani, E. K., & Muhammad, K. (2019). Industry 4.0: Employers’ Expectations of Accounting Graduates and 

Its Implications on Teaching and Learning Practices. International Journal of Education and Practice, 7(1), 

19–29. 

Ghoniem, A., & Ghoniem, E. (2022). Inducing competence‐based assignment in traditional structural 

engineering education: A case study. Computer Applications in Engineering Education, 30(3), 907–916. 

Goh, E., & Sigala, M. (2020). Integrating Information & Communication Technologies (ICT) into classroom 

instruction: teaching tips for hospitality educators from a diffusion of innovation approach. Journal of 

Teaching in Travel & Tourism, 20(2), 156–165. 

Gong, Y. (2021). Application of virtual reality teaching method and artificial intelligence technology in digital 

media art creation. Ecological Informatics, 63, 101304. 

González-Pérez, L. I., & Ramírez-Montoya, M. S. (2022). Components of Education 4.0 in 21st century skills 

frameworks: systematic review. Sustainability, 14(3), 1493. 

Griffiths, M. A., Goodyear, V. A., & Armour, K. M. (2022). Massive open online courses (MOOCs) for 

professional development: Meeting the needs and expectations of physical education teachers and youth 

sport coaches. Physical Education and Sport Pedagogy, 27(3), 276–290. 

Groff, J., & Mouza, C. (2008). A framework for addressing challenges to classroom technology use. AACE 

Review (Formerly AACE Journal), 16(1), 21–46. 

Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). Understanding the role of digital technologies in 

education: A review. Sustainable Operations and Computers, 3, 275–285. 

Hang, L. T., & Van, V. H. (2020). Building Strong Teaching and Learning Strategies through Teaching 

Innovations and Learners’ Creativity: A Study of Vietnam Universities. International Journal of Education 

and Practice, 8(3), 498–510. 

Hariyadi, H., Misnawati, M., & Yusrizal, Y. (2023). MEWUJUDKAN KEMANDIRIAN BELAJAR: 

MERDEKA BELAJAR SEBAGAI KUNCI SUKSES MAHASISWA JARAK JAUH. BADAN 

PENERBIT STIEPARI PRESS, 1–215. 

Haryadi, R. N., Utarinda, D., Poetri, M. S., & Sunarsi, D. (2023). Peran Teknologi Informasi dalam 

Meningkatkan Pembelajaran Bahasa Inggris. Jurnal Informatika Utama, 1(1), 28–35. 

Haryani, E., Coben, W. W., Pleasants, B. A. S., & Fetters, M. K. (2021). Analysis of Teachers’ Resources for 

Integrating the Skills of Creativity and Innovation, Critical Thinking and Problem Solving, Collaboration, 

and Communication in Science Classrooms. Jurnal Pendidikan IPA Indonesia, 10(1), 92–102. 

https://jurnal.iicet.org/index.php/sajts/index


 

 

1091 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Vocational Technology Education Innovation: Building a Generation of Experts in the Digital 
Age 

Hasanefendic, S., Heitor, M., & Horta, H. (2016). Training students for new jobs: The role of technical and 

vocational higher education and implications for science policy in Portugal. Technological Forecasting and 

Social Change, 113, 328–340. 

Hernandez-de-Menendez, M., Escobar Díaz, C. A., & Morales-Menendez, R. (2020). Engineering education 

for smart 4.0 technology: a review. International Journal on Interactive Design and Manufacturing (IJIDeM), 14, 

789–803. 

Hero, L.-M., & Lindfors, E. (2019). Students’ learning experience in a multidisciplinary innovation project. 

Education+ Training, 61(4), 500–522. 

Herrera-Aliaga, E., & Estrada, L. D. (2022). Trends and innovations of simulation for twenty first century 

medical education. Frontiers in Public Health, 10, 619769. 

Iatsyshyn, A. V, Kovach, V. O., Romanenko, Y. O., Deinega, I. I., Iatsyshyn, A. V, Popov, O. O., Kutsan, Y. 

G., Artemchuk, V. O., Burov, O. Y., & Lytvynova, S. H. (2020). Application of augmented reality technologies 

for preparation of specialists of new technological era. 

Idris, H. (2018). Pembelajaran model blended learning. Jurnal Ilmiah Iqra’, 5(1). 

Indarta, Y., Jalinus, N., Waskito, W., Samala, A. D., Riyanda, A. R., & Adi, N. H. (2022). Relevansi kurikulum 

merdeka belajar dengan model pembelajaran abad 21 dalam perkembangan era society 5.0. Edukatif: Jurnal 

Ilmu Pendidikan, 4(2), 3011–3024. 

Indrawati, S. M., & Kuncoro, A. (2021). Improving competitiveness through vocational and higher education: 

Indonesia’s vision for human capital development in 2019–2024. Bulletin of Indonesian Economic Studies, 

57(1), 29–59. 

Iturbe, C. B., Ochoa, L. M. L., Castello, M. C. J., & Pelayo, J. M. C. (2009). Educating the engineer of 2020: 

Adapting engineering education to the new century. INTED2009 Proceedings, 1110–1121. 

Jääskä, E., & Aaltonen, K. (2022). Teachers’ experiences of using game-based learning methods in project 

management higher education. Project Leadership and Society, 3, 100041. 

Jackson, D., Michelson, G., & Munir, R. (2023). Developing accountants for the future: New technology, skills, 

and the role of stakeholders. Accounting Education, 32(2), 150–177. 

Jacobs, J., & Worth, J. (2019). The evolving mission of workforce development in the community college. TU 

O’Banion (Ed.), 13, 167–190. 

Jerry, M., & Yunus, M. M. (2021). Blended learning in rural primary ESL classroom: Do or don’t. International 

Journal of Learning, Teaching and Educational Research, 20(2), 152–173. 

Johansen, R. (2012). Leaders make the future: Ten new leadership skills for an uncertain world. Berrett-Koehler 

Publishers. 

Joshi, V. A., & Gupta, I. (2021). Assessing the impact of the Covid-19 pandemic on hospitality and tourism 

education in India and preparing for the new normal. Worldwide Hospitality and Tourism Themes, 13(5), 622–

635. 

Kang, B. (2021). How the COVID-19 pandemic is reshaping the education service. The Future of Service Post-

COVID-19 Pandemic, Volume 1: Rapid Adoption of Digital Service Technology, 15–36. 

Kanwar, A., Balasubramanian, K., & Carr, A. (2019). Changing the TVET paradigm: new models for lifelong 

learning. International Journal of Training Research, 17(sup1), 54–68. 

Karimi, H., & Pina, A. (2021). Strategically addressing the soft skills gap among STEM undergraduates. Journal 

of Research in STEM Education, 7(1), 21–46. 

Kasneci, E., Seßler, K., Küchemann, S., Bannert, M., Dementieva, D., Fischer, F., Gasser, U., Groh, G., 

Günnemann, S., & Hüllermeier, E. (2023). ChatGPT for good? On opportunities and challenges of large 

language models for education. Learning and Individual Differences, 103, 102274. 

Keshav, M., Julien, L., & Miezel, J. (2022). The Role of Technology in Era 5.0 in the Development of Arabic 

Language in the World of Education. JILTECH: Journal International of Lingua & Technology, 1(2). 

Khalid, J., Ram, B. R., Soliman, M., Ali, A. J., Khaleel, M., & Islam, M. S. (2018). Promising digital university: 

A pivotal need for higher education transformation. International Journal of Management in Education, 12(3), 

https://jurnal.iicet.org/index.php/sajts/index


Rama, A., et al Jurnal EDUCATIO (Jurnal Pendidikan Indonesia) 

Vol. 9, No. 2, 2023, pp. 1079-1097 
   1092 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

264–275. 

Khan, P. A., Johl, S. K., & Johl, S. K. (2021). Does adoption of ISO 56002‐2019 and green innovation reporting 

enhance the firm sustainable development goal performance? An emerging paradigm. Business Strategy and 

the Environment, 30(7), 2922–2936. 

Kim, J., Lee, H., & Cho, Y. H. (2022). Learning design to support student-AI collaboration: Perspectives of 

leading teachers for AI in education. Education and Information Technologies, 27(5), 6069–6104. 

Kosim, M. (2020). Penguatan pendidikan karakter di era industri 4.0: Optimalisasi pendidikan agama islam di 

sekolah. TADRIS: Jurnal Pendidikan Islam, 15(1), 88–107. 

Kuleto, V., P, M. I., Stanescu, M., Ranković, M., Šević, N. P., Păun, D., & Teodorescu, S. (2021). Extended 

reality in higher education, a responsible innovation approach for generation y and generation z. 

Sustainability, 13(21), 11814. 

Kumar, R. R., & Alok, K. (2020). Adoption of electric vehicle: A literature review and prospects for 

sustainability. Journal of Cleaner Production, 253, 119911. 

Kurdi, M. S. (2021). Realitas Virtual Dan Penelitian Pendidikan Dasar: Tren Saat Ini dan Arah Masa Depan. 

CENDEKIA: Jurnal Ilmu Sosial, Bahasa Dan Pendidikan, 1(4), 60–85. 

Kwangmuang, P., Jarutkamolpong, S., Sangboonraung, W., & Daungtod, S. (2021). The development of 

learning innovation to enhance higher order thinking skills for students in Thailand junior high schools. 

Heliyon, 7(6). 

Landers, R. N., & Sanchez, D. R. (2022). Game‐based, gamified, and gamefully designed assessments for 

employee selection: Definitions, distinctions, design, and validation. International Journal of Selection and 

Assessment, 30(1), 1–13. 

Ley, T., Tammets, K., Sarmiento-Márquez, E. M., Leoste, J., Hallik, M., & Poom-Valickis, K. (2022). Adopting 

technology in schools: modelling, measuring and supporting knowledge appropriation. European Journal of 

Teacher Education, 45(4), 548–571. 

Li, L. (2022). Reskilling and upskilling the future-ready workforce for industry 4.0 and beyond. Information 

Systems Frontiers, 1–16. 

Li, W., Yigitcanlar, T., Erol, I., & Liu, A. (2021). Motivations, barriers and risks of smart home adoption: From 

systematic literature review to conceptual framework. Energy Research & Social Science, 80, 102211. 

Lina Anatan, N. (2022). Penguatan Resiliensi dan Daya Saing UMKM: Sebuah Rekomendasi Kebijakan. Pascal 

Books. 

Linnenluecke, M. K., Marrone, M., & Singh, A. K. (2020). Conducting systematic literature reviews and 

bibliometric analyses. Australian Journal of Management, 45(2), 175–194. 

Logeshwaran, J., Malik, J. A., Adhikari, N., Joshi, S. S., & Bishnoi, P. (2022). IoT-TPMS: An innovation 

development of triangular patient monitoring system using medical internet of things. International Journal 

of Health Sciences, 6(S5), 9070–9084. 

López-Carril, S., Anagnostopoulos, C., & Parganas, P. (2020). Social media in sport management education: 

Introducing LinkedIn. Journal of Hospitality, Leisure, Sport & Tourism Education, 27, 100262. 

Luan, H., Geczy, P., Lai, H., Gobert, J., Yang, S. J. H., Ogata, H., Baltes, J., Guerra, R., Li, P., & Tsai, C.-C. 

(2020). Challenges and future directions of big data and artificial intelligence in education. Frontiers in 

Psychology, 11, 580820. 

Lund, H. B., & Karlsen, A. (2020). The importance of vocational education institutions in manufacturing 

regions: adding content to a broad definition of regional innovation systems. Industry and Innovation, 27(6), 

660–679. 

Maheshwari, B. (2023). Training and capacity building of young water professionals—role of an innovative and 

transformative program for sustainable water futures. In World Water Policy (Vol. 9, Issue 2, pp. 277–282). 

Wiley Online Library. 

Makransky, G., & Petersen, G. B. (2019). Investigating the process of learning with desktop virtual reality: A 

structural equation modeling approach. Computers & Education, 134, 15–30. 

https://jurnal.iicet.org/index.php/sajts/index


 

 

1093 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Vocational Technology Education Innovation: Building a Generation of Experts in the Digital 
Age 

Makri, A., Vlachopoulos, D., & Martina, R. A. (2021). Digital escape rooms as innovative pedagogical tools in 

education: A systematic literature review. Sustainability, 13(8), 4587. 

March, J. G. (1994). Primer on decision making: How decisions happen. Simon and Schuster. 

Marougkas, A., Troussas, C., Krouska, A., & Sgouropoulou, C. (2023). Virtual Reality in Education: A Review 

of Learning Theories, Approaches and Methodologies for the Last Decade. Electronics, 12(13), 2832. 

Martua, S. (2022). Aplikasi Game Playing Kosakasata Bahasa Inggris Menggunakan Construct 2 Berbasis Android. Prodi 

Teknik Infomatika. 

Mashudi, M. (2021). Pembelajaran Modern Membekali Peserta Didik Keterampilan Abad Ke-21_Jurnal 

Mashudi. Al-Mudarris: Jurnal Ilmiah Pendidikan Islam, 4(1), 93–114. 

Mason, D., Ingham, B., Urbanowicz, A., Michael, C., Birtles, H., Woodbury-Smith, M., Brown, T., James, I., 

Scarlett, C., & Nicolaidis, C. (2019). A systematic review of what barriers and facilitators prevent and 

enable physical healthcare services access for autistic adults. Journal of Autism and Developmental Disorders, 

49, 3387–3400. 

Mathivanan, S. K., Jayagopal, P., Ahmed, S., Manivannan, S. S., Kumar, P. J., Raja, K. T., Dharinya, S. S., 

& Prasad, R. G. (2021). Adoption of e-learning during lockdown in India. International Journal of System 

Assurance Engineering and Management, 1. 

Maulia, S. (2023). Peran Komunikasi Efektif Guru dalam Meningkatkan Motivasi Belajar Siswa Sekolah Dasar 

(SD). Elementa: Jurnal Pendidikan Guru Sekolah Dasar, 5(1). 

Megayanti, T., Busono, T., & Maknun, J. (2020). Project-based learning efficacy in vocational education: 

Literature review. IOP Conference Series: Materials Science and Engineering, 830(4), 42075. 

Mian, S. H., Salah, B., Ameen, W., Moiduddin, K., & Alkhalefah, H. (2020). Adapting universities for 

sustainability education in industry 4.0: Channel of challenges and opportunities. Sustainability, 12(15), 

6100. 

Mikheev, A., Serkina, Y., & Vasyaev, A. (2021). RETRACTED ARTICLE: Current trends in the digital 

transformation of higher education institutions in Russia. Education and Information Technologies, 26(4), 

4537–4551. 

Mohmad, Y. (2023). Inovasi Sistem Informasi Manajemen dalam Mengembangkan Mutu Layanan Pendidikan di 

Pondok Pesantren Sidogiri. Universitas Islam Negeri Kiai Haji Acchmad Siddiq Jember. 

Morawska-Jancelewicz, J. (2022). The role of universities in social innovation within quadruple/quintuple helix 

model: Practical implications from polish experience. Journal of the Knowledge Economy, 13(3), 2230–2271. 

Mota, J. M., Ruiz-Rube, I., Dodero, J. M., & Arnedillo-Sánchez, I. (2018). Augmented reality mobile app 

development for all. Computers & Electrical Engineering, 65, 250–260. 

Mourtzis, D., Angelopoulos, J., & Panopoulos, N. (2022). A teaching factory paradigm for personalized 

perception of education based on extended reality (XR). Proceedings of the 12th Conference on Learning 

Factories (CLF 2022). 

Mukhid, M. P. (2023). DISAIN TEKNOLOGI DAN INOVASI PEMBELAJARAN DALAM BUDAYA 

ORGANISASI DI LEMBAGA PENDIDIKAN. Pustaka Egaliter. Com. 

Mulyasa, H. E. (2021). Implementasi kurikulum 2013 revisi: dalam era industri 4.0. Bumi Aksara. 

Mumford, E. (2006). The story of socio‐technical design: Reflections on its successes, failures and potential. 

Information Systems Journal, 16(4), 317–342. 

Muntean, C. H., Bogusevschi, D., & Muntean, G.-M. (2019). Innovative technology-based solutions for primary, 

secondary and tertiary STEM education. Paragon Publishing. 

Muthuprasad, T., Aiswarya, S., Aditya, K. S., & Jha, G. K. (2021). Students’ perception and preference for 

online education in India during COVID-19 pandemic. Social Sciences & Humanities Open, 3(1), 100101. 

Nahr, J. G., Nozari, H., & Sadeghi, M. E. (2021). Green supply chain based on artificial intelligence of things 

(AIoT). International Journal of Innovation in Management, Economics and Social Sciences, 1(2), 56–63. 

Nainggolan, B., Hutabarat, W., Situmorang, M., & Sitorus, M. (2020). Developing Innovative Chemistry 

https://jurnal.iicet.org/index.php/sajts/index


Rama, A., et al Jurnal EDUCATIO (Jurnal Pendidikan Indonesia) 

Vol. 9, No. 2, 2023, pp. 1079-1097 
   1094 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Laboratory Workbook Integrated with Project-Based Learning and Character-Based Chemistry. 

International Journal of Instruction, 13(3), 895–908. 

Nainggolan, H., Nuraini, R., Sepriano, S., Aryasa, I. W. T., Meilin, A., Adhicandra, I., Putri, E., Andiyan, A., 

& Prayitno, H. (2023). GREEN TECHNOLOGY INNOVATION: Transformasi Teknologi Ramah Lingkungan 

berbagai Sektor. PT. Sonpedia Publishing Indonesia. 

Neffati, O. S., Sengan, S., Thangavelu, K. D., Kumar, S. D., Setiawan, R., Elangovan, M., Mani, D., & 

Velayutham, P. (2021). Migrating from traditional grid to smart grid in smart cities promoted in developing 

country. Sustainable Energy Technologies and Assessments, 45, 101125. 

Nieto-Escamez, F. A., & Roldán-Tapia, M. D. (2021). Gamification as online teaching strategy during COVID-

19: A mini-review. Frontiers in Psychology, 12, 648552. 

Nikolopoulou, K. (2020). Secondary education teachers’ perceptions of mobile phone and tablet use in 

classrooms: benefits, constraints and concerns. Journal of Computers in Education, 7(2), 257–275. 

Nkwanyane, T., Makgato, M., & Ramaligela, S. (2020). Teacherâ€TM s Views on the Relevance of Technical 

and Vocational Education and Training (TVET) College Curricula to Labour Market. Online Journal for 

TVET Practitioners, 5(2), 27–34. 

Nurkholidha, P., Khanza, R. P., Alyamar, U. U., & Mukhlis, M. (n.d.). Hambatan Guru Bahasa Indonesia 

SMAN 6 Pekanbaru dalam Menerapkan Kurikulum Merdeka. JURNAL TUAH: Pendidikan Dan Pengajaran 

Bahasa, 5(1), 54–63. 

Ogegbo, A. A., & Ramnarain, U. (2022). Teachers’ perceptions of and concerns about integrating computational 

thinking into science teaching after a professional development activity. African Journal of Research in 

Mathematics, Science and Technology Education, 26(3), 181–191. 

Oke, A., & Fernandes, F. A. P. (2020). Innovations in teaching and learning: Exploring the perceptions of the 

education sector on the 4th industrial revolution (4IR). Journal of Open Innovation: Technology, Market, and 

Complexity, 6(2), 31. 

Okolie, U. C., Igwe, P. A., Mong, I. K., Nwosu, H. E., Kanu, C., & Ojemuyide, C. C. (2022). Enhancing 

students’ critical thinking skills through engagement with innovative pedagogical practices in Global 

South. Higher Education Research & Development, 41(4), 1184–1198. 

Okolie, U. C., Nwajiuba, C. A., Eneje, B., Binuomote, M. O., Ehiobuche, C., & Hack-Polay, D. (2021). A 

critical perspective on industry involvement in higher education learning: Enhancing graduates’ 

knowledge and skills for job creation in Nigeria. Industry and Higher Education, 35(1), 61–72. 

Okoye, K., Hussein, H., Arrona-Palacios, A., Quintero, H. N., Ortega, L. O. P., Sanchez, A. L., Ortiz, E. A., 

Escamilla, J., & Hosseini, S. (2023). Impact of digital technologies upon teaching and learning in higher 

education in Latin America: an outlook on the reach, barriers, and bottlenecks. Education and Information 

Technologies, 28(2), 2291–2360. 

Okpatrioka, O., & Sopian, S. (2023). Increasing Teacher Competence In The Industrial Revolution Industri 4.0. 

JHSS (JOURNAL OF HUMANITIES AND SOCIAL STUDIES), 7(2), 380–386. 

Olatunji, G., Osaghae, O. W., & Aderinto, N. (2023). Exploring the Transformative Role of 3D Printing in 

Advancing Medical Education in Africa; A Review. Annals of Medicine and Surgery, 10–1097. 

Özdemir, V., & Hekim, N. (2018). Birth of industry 5.0: Making sense of big data with artificial intelligence,“the 

internet of things” and next-generation technology policy. Omics: A Journal of Integrative Biology, 22(1), 65–

76. 

Pang, D., Cui, S., & Yang, G. (2022). Remote Laboratory as an Educational Tool in Robotics Experimental 

Course. International Journal of Emerging Technologies in Learning, 17(21). 

Pellas, N., Dengel, A., & Christopoulos, A. (2020). A scoping review of immersive virtual reality in STEM 

education. IEEE Transactions on Learning Technologies, 13(4), 748–761. 

Phuthong, T. (2021). Antecedents influencing the adoption of collaborative learning social-media platforms 

among Thai university students during the covid-19 ‘new normal’era. International Journal of Emerging 

Technologies in Learning (IJET), 16(13), 108–127. 

Pocol, C. B., Stanca, L., Dabija, D.-C., Pop, I. D., & Mișcoiu, S. (2022). Knowledge co-creation and sustainable 

https://jurnal.iicet.org/index.php/sajts/index


 

 

1095 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Vocational Technology Education Innovation: Building a Generation of Experts in the Digital 
Age 

education in the labor market-driven university–business environment. Frontiers in Environmental Science, 

10, 781075. 

Ponamon, J. F., Welong, K. D., Naharia, O., & Sumual, S. D. M. (2023). Internship Model’Freedom Learns 

Independent Campus’ for Nursing Students in the Digital Era of Industry 4.0. International Journal of 

Information Technology and Education, 2(3), 93–107. 

Portuguez Castro, M., Ross Scheede, C., & Gómez Zermeño, M. G. (2019). The impact of higher education on 

entrepreneurship and the innovation ecosystem: A case study in Mexico. Sustainability, 11(20), 5597. 

Pottle, J. (2019). Virtual reality and the transformation of medical education. Future Healthcare Journal, 6(3), 181. 

Prabhu, G. N., & Aithal, P. S. (2021). A Review-Based Research Agenda on Green Banking Service Practices 

through Green CSR Activities. International Journal of Management, Technology and Social Sciences (IJMTS), 

6(2), 204–230. 

Prameswari, Y. (2022). MENGELOLA KEBERAGAMAN DI ORGANISASI. Jalan Menuju Organisasi 

Berkelanjutan, 57. 

Prapinit, P., Sabar, R., & Melan, M. (2019). Demand for Logistics Management Studies in North Eastern 

Thailand. Int. J Sup. Chain. Mgt Vol, 8(5), 481. 

Putra, F. I. F. S., Amron, A., Aqmala, D., & Haziroh, A. L. (2022). Tuwo: Model Sustainability Digital 

Marketing Sebagai Jalan Pintas Umkm Bersaing Di Era Society 5.0. Prosiding Seminar Nasional Akuntansi 

Dan Manajemen (SENAMA). 

Qureshi, N. S., & Jamil, A. (2023). IMPACT OF INNOVATIVE TEACHING STRATEGIES ON STUDNT’S 

ACTIVE PARTICIPATION IN LEARNING. Pakistan Journal of Society, Education and Language (PJSEL), 

9(2), 222–231. 

Qushem, U. Bin, Christopoulos, A., Oyelere, S. S., Ogata, H., & Laakso, M.-J. (2021). Multimodal technologies 

in precision education: Providing new opportunities or adding more challenges? Education Sciences, 11(7), 

338. 

Ramírez-Montoya, M. S., Loaiza-Aguirre, M. I., Zúñiga-Ojeda, A., & Portuguez-Castro, M. (2021). 

Characterization of the Teaching Profile within the Framework of Education 4.0. Future Internet, 13(4), 91. 

Rao, V. (2019). Blended Learning: A New Hybrid Teaching Methodology. Online Submission, 3(13). 

Ridwan, M., Suhar, A. M., Ulum, B., & Muhammad, F. (2021). Pentingnya penerapan literature review pada 

penelitian ilmiah. Jurnal Masohi, 2(1), 42–51. 

Rohm, A. J., Stefl, M., & Ward, N. (2021). Future proof and real-world ready: the role of live project-based 

learning in students’ skill development. Journal of Marketing Education, 43(2), 204–215. 

Saad, A., & Zainudin, S. (2022). A review of Project-Based Learning (PBL) and Computational Thinking (CT) 

in teaching and learning. Learning and Motivation, 78, 101802. 

Saleem, A. N., Noori, N. M., & Ozdamli, F. (2022). Gamification applications in E-learning: A literature 

review. Technology, Knowledge and Learning, 27(1), 139–159. 

Salmon, G. (2019). May the fourth be with you: Creating education 4.0. Journal of Learning for Development, 6(2), 

95–115. 

Selwyn, N., Nemorin, S., Bulfin, S., & Johnson, N. F. (2017). Everyday schooling in the digital age: High school, 

high tech? Routledge. 

Semerikov, S., Striuk, A., Striuk, L., Striuk, M., & Shalatska, H. (2020). Sustainability in Software Engineering 

Education: a case of general professional competencies. 

Sharif, S. N. M., Hashim, N., Isa, I. M., Bakar, S. A., Saidin, M. I., Ahmad, M. S., Mamat, M., Hussein, M. 

Z., & Zainul, R. (2021). Polymeric Nanocomposite-Based Herbicide of Carboxymethyl Cellulose Coated-

Zinc/Aluminium Layered Double Hydroxide-Quinclorac: A Controlled Release Purpose for 

Agrochemicals. Journal of Polymers and the Environment, 29(6), 1817–1834. 

https://doi.org/10.1007/s10924-020-01997-0 

Shofiyyah, N. A., Komarudin, T. S., & Hasan, M. S. (2023). Innovations in Islamic Education Management 

within the University Context: Addressing Challenges and Exploring Future Prospects. Nidhomul Haq: 

https://jurnal.iicet.org/index.php/sajts/index


Rama, A., et al Jurnal EDUCATIO (Jurnal Pendidikan Indonesia) 

Vol. 9, No. 2, 2023, pp. 1079-1097 
   1096 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Jurnal Manajemen Pendidikan Islam, 8(2), 193–209. 

Sigit, D. V., Ristanto, R. H., & Mufida, S. N. (2022). Integration of Project-Based E-Learning with STEAM: 

An Innovative Solution to Learn Ecological Concept. International Journal of Instruction, 15(3), 23–40. 

Silver, R. E., Kogut, G., & Huynh, T. C. D. (2019). Learning “new” instructional strategies: Pedagogical 

innovation, teacher professional development, understanding and concerns. Journal of Teacher Education, 

70(5), 552–566. 

Singh, H., & Miah, S. J. (2020). Smart education literature: A theoretical analysis. Education and Information 

Technologies, 25(4), 3299–3328. 

Singh, J., Evans, E., Reed, A., Karch, L., Qualey, K., Singh, L., & Wiersma, H. (2022). Online, hybrid, and 

face-to-face learning through the eyes of faculty, students, administrators, and instructional designers: 

Lessons learned and directions for the post-vaccine and post-pandemic/COVID-19 world. Journal of 

Educational Technology Systems, 50(3), 301–326. 

Sitthiworachart, J., Joy, M., King, E., Sinclair, J., & Foss, J. (2022). Technology-supported active learning in a 

flexible teaching space. Education Sciences, 12(9), 634. 

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business 

Research, 104, 333–339. 

So, H. Y., Chen, P. P., Wong, G. K. C., & Chan, T. T. N. (2019). Simulation in medical education. Journal of 

the Royal College of Physicians of Edinburgh, 49(1), 52–57. 

Sofiyah, E. M., & Dwiratnawati, Y. (2023). OPTIMALISASI PERANAN METODE SIMULASI 

TERHADAP HASIL BELAJAR PADA PEMBELAJARAN AQIDAH AKHLAK MADRASAH 

IBTIDAIYAH. Al-Hasanah: Jurnal Pendidikan Agama Islam, 8(1), 155–167. 

Spöttl, G., & Windelband, L. (2021). The 4th industrial revolution–its impact on vocational skills. Journal of 

Education and Work, 34(1), 29–52. 

Stachová, K., Papula, J., Stacho, Z., & Kohnová, L. (2019). External partnerships in employee education and 

development as the key to facing industry 4.0 challenges. Sustainability, 11(2), 345. 

Sudarmo, S., Arifin, A., Pattiasina, P. J., Wirawan, V., & Aslan, A. (2021). The Future of Instruction Media in 

Indonesian Education: Systematic Review. Al-Ishlah: Jurnal Pendidikan, 13(2), 1302–1311. 

Sugandini, D., Istanto, Y., Garaika, G., & Arundati, R. (2022). Model Kesuksesan E-Learning pada Perguruan 

Tinggi. 

Sulistianingsih, A. S., & Kustono, D. (2022). Potensi Penggunaan Teknologi Augmented Reality (AR) dan 

Virtual Reality (VR) dalam Pembelajaran Sejarah Arsitektur di Era Pandemi Covid-19. Jupiter (Jurnal 

Pendidikan Teknik Elektro), 7(1), 10–18. 

Sumarni, W., & Kadarwati, S. (2020). Ethno-stem project-based learning: Its impact to critical and creative 

thinking skills. Jurnal Pendidikan IPA Indonesia, 9(1), 11–21. 

Supriani, Y., Meliani, F., Supriyadi, A., Supiana, S., & Zaqiah, Q. Y. (2022). The Process of Curriculum 

Innovation: Dimensions, Models, Stages, and Affecting Factors. Nazhruna: Jurnal Pendidikan Islam, 5(2), 

485–500. 

Sutaphan, S., & Yuenyong, C. (2019). STEM education teaching approach: Inquiry from the context based. 

Journal of Physics: Conference Series, 1340(1), 12003. 

Sutopo, A. H. (2023). Metaverse Dalam Pendidikan. Topazart. 

Taraju, A. R., Nurdin, N., & Pettalongi, A. (2022). Tantangan dan Strategi Guru Menghadapi Era Revolusi 

Industri 4.0. Prosiding Kajian Islam Dan Integrasi Ilmu Di Era Society (KIIIES) 5.0, 1(1), 311–316. 

Tejedor, S., Cervi, L., Pérez-Escoda, A., Tusa, F., & Parola, A. (2021). Higher education response in the time 

of coronavirus: perceptions of teachers and students, and open innovation. Journal of Open Innovation: 

Technology, Market, and Complexity, 7(1), 43. 

Trinova, Z. (2012). Hakikat belajar dan bermain menyenangkan bagi peserta didik. Al-Ta Lim Journal, 19(3), 

209–215. 

https://jurnal.iicet.org/index.php/sajts/index


 

 

1097 

 

 

Journal homepage: https://jurnal.iicet.org/index.php/j-edu 

 

Vocational Technology Education Innovation: Building a Generation of Experts in the Digital 
Age 

Triviño-Cabrera, L., Chaves-Guerrero, E. I., & Alejo-Lozano, L. (2021). The figure of the teacher-prosumer for 

the development of an innovative, sustainable, and committed education in times of COVID-19. 

Sustainability, 13(3), 1128. 

Tsalapatas, H., Heidmann, O., Katsimentes, C., Panagiotopoulos, S., Taka, C., de Carvalho, C. V., Jesmin, T., 

Terasmaa, J., Rodriguez, M. C., & Sørensen, L. T. (2020). A game-based, active learning approach for 

building 21st century skills in engineering and economics higher education. EDULEARN20 Proceedings, 

7116–7123. 

Valverde-Berrocoso, J., Fernández-Sánchez, M. R., Revuelta Dominguez, F. I., & Sosa-Díaz, M. J. (2021). The 

educational integration of digital technologies preCovid-19: Lessons for teacher education. PloS One, 16(8), 

e0256283. 

Veile, J. W., Kiel, D., Müller, J. M., & Voigt, K.-I. (2020). Lessons learned from Industry 4.0 implementation 

in the German manufacturing industry. Journal of Manufacturing Technology Management, 31(5), 977–997. 

Verma, J. P., Tanwar, S., Garg, S., Gandhi, I., & Bachani, N. H. (2019). Evaluation of pattern based customized 

approach for stock market trend prediction with big data and machine learning techniques. International 

Journal of Business Analytics (IJBAN), 6(3), 1–15. 

Verma, P., Nankervis, A., Priyono, S., Mohd Salleh, N., Connell, J., & Burgess, J. (2018). Graduate work-

readiness challenges in the Asia-Pacific region and the role of HRM. Equality, Diversity and Inclusion: An 

International Journal, 37(2), 121–137. 

Volungeviciene, A., Tereseviciene, M., & Ehlers, U.-D. (2020). When Is Open and Online Learning Relevant 

for Curriculum Change in Higher Education? Digital and Network Society Perspective. Electronic Journal 

of E-Learning, 18(1), 88–101. 

Voogt, J. M., Pieters, J. M., & Handelzalts, A. (2018). Teacher collaboration in curriculum design teams: 

Effects, mechanisms, and conditions. In Teacher Learning Through Teacher Teams (pp. 7–26). Routledge. 

Widiasih, R., Susanti, R. D., Sari, C. W. M., & Hendrawati, S. (2020). Menyusun protokol penelitian dengan 

pendekatan SETPRO: scoping review. Journal of Nursing Care, 3(3). 

Wu, N., & Liu, Z. (2021). Higher education development, technological innovation and industrial structure 

upgrade. Technological Forecasting and Social Change, 162, 120400. 

Yustina, Y., Syafii, W., & Vebrianto, R. (2020). The Effects of Blended Learning and Project-Based Learning 

on Pre-Service Biology Teachersâ€TM Creative Thinking through Online Learning in the Covid-19 

Pandemic. Jurnal Pendidikan IPA Indonesia, 9(3), 408–420. 

Zanin, G., Guzzi, F., Pugliese, R., Cerni, L., Vukolov, A., Lorenzon, A., & De Simone, M. (2022). Robotic 

Systems as a Part of AI Fundamentals Course at ITS Academy Foundation for New Life Technologies na 

Alessandro Volta in Trieste, Italy. International Symposium on the Ediucation in Mechanism and Machine 

Science, 165–178. 

Zhang, Z., Wen, F., Sun, Z., Guo, X., He, T., & Lee, C. (2022). Artificial intelligence‐enabled sensing 

technologies in the 5G/internet of things era: from virtual reality/augmented reality to the digital twin. 

Advanced Intelligent Systems, 4(7), 2100228. 

Zubaidah, S. (2016). Keterampilan abad ke-21: Keterampilan yang diajarkan melalui pembelajaran. Seminar 

Nasional Pendidikan, 2(2), 1–17. 

 

https://jurnal.iicet.org/index.php/sajts/index

