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Abstract. This research discusses the integration of Artificial Intelligence (AI) 
in learning at Vocational High Schools (SMKN 10 MAKASSAR) in Indonesia, 
particularly in the context of building sustainable collaboration for educational 
innovation in the industry 4.0 era. The purpose of this study is to identify the 
impact of AI implementation on student learning outcomes, the efficiency of the 
learning process, and the barriers and opportunities faced in its implementation. 
This study uses data from several vocational schools in Indonesia that have 
adopted AI in their curriculum. The results show that the implementation of AI 
can improve students' learning outcomes and learning efficiency, but also faces 
barriers in the form of limited infrastructure and human resources. In addition, 
this study also reveals the importance of collaboration between educational insti-
tutions, government, and industry to ensure the success of AI implementation in 
SMKN 10 Makassar. Recommendations for effective collaboration models are 
also provided to support the optimal implementation of AI in the vocational ed-
ucation environment. 

Keywords: Artificial Intelligence, Vocational Schools, Education Innovation, 
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1 Introduction 

The digital era presents significant challenges and opportunities for vocational educa-
tion (SMKN 10 MAKASSAR) in Indonesia. As industries rapidly transform due to 
technologies like AI, automation, and IoT, vocational education must be innovative to 
prepare students for an increasingly complex, technology-driven workforce [1] [2]. Key 
areas for improvement include enhancing teacher competencies, strengthening industry 
collaborations, and revitalizing curricula with teaching factories and character devel-
opment [2]. Vocational curricula should incorporate blended learning and focus on 
data, technology, and human literacy to develop relevant skills like coding, big data, 
and AI [3]. Additionally, AI can play a crucial role in curriculum transformation by 
enabling personalized learning, adaptive assessments, and data-driven improvements 
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[4]. To ensure vocational education remains relevant and adaptive, collaboration be-

tween government, educational institutions, and industries is essential for revitalizing 

approaches and content [3]. 

Innovation in education is an urgent need in the era of the Industrial Revolution 4.0, 

especially in curriculum development and learning methods. The curriculum needs to 

be adjusted to technological developments and industry needs, integrating technical 

competencies (hard competencies) and soft competencies [5]. Constructivism and 

blended learning are innovations that are believed to be effective in producing compet-

itive graduates [5] [6] [7]. Information and communication technology, including e-

learning, has become an integral part of the learning process [7] [8]. Virtual reality (VR) 

technology has shown promising results in improving interactive and technology-based 

teaching methods. Studies show that VR applications can significantly enhance student 

motivation and learning outcomes in secondary schools [9]. Teachers consider VR an 

effective tool for creating interactive classrooms, achieving teaching efficiency, and 

measuring material understanding [10]. In addition, the use of interactive VR media in 

field learning contexts, such as parks, has been shown to support immersive learning 

experiences for students [11]. The integration of project-based learning involving col-

laboration with industry is also an urgent need, to provide hands-on experience relevant 

to the world of work [12]. Collaboration between teachers and university lecturers in 

implementing PjBL can lead to the development of effective learning scenarios, lesson 

plans, and evaluation tools [13]. 

Innovations in vocational education in the digital era emphasize the development of 

soft skills such as creativity, critical thinking, and collaboration, in addition to technical 

skills. Metacognitive learning based on soft skills can improve the thinking and prob-

lem-solving skills of vocational students in facing Industry 4.0 [14]. Research shows 

that hard skills and soft skills have a positive effect on teacher innovation ability, both 

directly and through the mediation of organizational learning and culture [15]. Soft 

skills are very important for SMKN 10 MAKASSAR students to prepare them for the 

world of work because many industries prioritize soft skills in finding human resources. 

These skills help students adapt to technological developments and become graduates 

who meet the needs of the world of work [16]. 

With the right innovations, vocational education can play a key role in creating a 

competent, ready-to-use workforce that can compete in the global market, while sup-

porting the sustainable development of the digital economy. SMKN 10 Makassar needs 

to make various innovations, such as the integration of technology in learning, the im-

plementation of a flexible curriculum, and collaboration with industry. Programs such 

as teaching factories, cooperation with industry, and employment counseling can help 

narrow the gap between graduates' competencies and industry needs [17]. Revitaliza-

tion of SMKN 10 Makassar is needed to produce creative, skilled, and credible gradu-

ates, especially in the arts and creative industries [18]. Through innovation, SMKN 10 

Makassar can produce graduates who have competencies that are relevant to industry 

needs, are creative, and are able to think critically [19]. 

Innovation in vocational education also involves the integration of AI technologies 

to improve learning efficiency and quality [20] [21]. AI can be used to analyze students' 

learning progress and adjust learning content. AI also supports knowledge development 
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and brings breakthroughs in 21st-century learning [22]. AI plays a role in automating 

administrative processes, improving learning quality through personalization, and 

opening up opportunities for more adaptive education models [23]. To make the most 

of AI, students and teachers must be able to adapt to new situations and tasks and col-

laborate productively with humans and AI [20]. 

Collaboration and continuous innovation are key factors in facing the challenges of 

education in the era of the Industrial Revolution 4.0. Research shows the need for co-

operation between stakeholders to realize quality education [24]. The development of 

quality human resources and mastery of science and technology are the cornerstones of 

national education development [25]. The future curriculum must equip students with 

academic abilities, life skills, and critical and creative thinking, with an emphasis on 

STEM fields and ICT-based learning [26]. Teachers need to have teaching competen-

cies, media literacy, and a technology-friendly attitude [26]. Achieving successful na-

tional development requires policies and strategies that expand opportunities for qual-

ity, inclusive, and sustainable education [25]. 

2 Research Methods 

This study employs a qualitative approach with a case study design, focusing on SMKN 

10 Makassar as the site for implementing Artificial Intelligence (AI) in vocational ed-

ucation. Data were collected from various sources, including primary literature (aca-

demic journals, research reports) and secondary literature (textbooks, education poli-

cies), as well as field data obtained through direct questionnaires, observations, and 

interviews with teachers, students, and the school principal at SMKN 10 Makassar. The 

selection of literature was based on thematic relevance, source credibility, and publica-

tion year (2013–2023). 

The analysis was conducted thematically, involving stages such as reviewing litera-

ture, coding the data, and interpreting key themes, including challenges, opportunities, 

and the impact of AI on learning. Data from questionnaires and observations were uti-

lized to reinforce the literature analysis, while in-depth interviews provided direct per-

spectives on the AI implementation from the school’s stakeholders. The validity of the 

data was ensured through triangulation between the results of literature reviews, obser-

vations, questionnaires, and interviews. 

3 Results and Discussion 

3.1 Results of the Implementation of Artificial Intelligence in Learning at 

Vocational School 

The results of the implementation of Artificial Intelligence (AI) in learning in Voca-

tional High Schools (SMKN 10 Makassar) show a significant impact on improving the 

quality of education. One of the key outcomes is AI's ability to provide adaptive and 

personalized learning, where intelligent algorithms can analyze students' learning styles 

and progress in real time. This enables the delivery of material that is better suited to 
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individual needs, thereby increasing student understanding and engagement. AI also 

plays a role in facilitating the development of interactive and engaging learning content, 

such as the use of simulations and educational games that support practical learning. 

Research shows that students who engage in AI-based learning show increased moti-

vation and better learning outcomes compared to traditional methods. Collaboration 

between schools and industries through AI platforms has strengthened the relevance of 

the curriculum, enabling students to gain skills that match the demands of the job mar-

ket. Overall, the integration of AI in learning in SMKN 10 Makassar not only improves 

learning effectiveness but also prepares students to become a competitive workforce in 

the industrial era 4.0. Table 1 shows the results of the implementation of AI in learning 

in vocational schools. 

 

Table 1. Results of Implementation of AI in Learning in Vocational Schools 

Aspect Result of Implementation Data Reference 

Learning Ef-

ficiency 

AI helps automate assess-

ments and personalize learn-

ing materials, enabling 

faster, personalized learning. 

Improved student learning 

efficiency by up to 15% in 

SMKN 10 MAKASSARN 

10 Makassar that imple-

mented AI, compared to 

traditional methods. 

[27] 

International 

Collabora-

tion and Re-

search 

Development of AI research 

center in Indonesia, espe-

cially for learning in SMK, 

through collaboration with 

international research insti-

tutions. 

Initiation of cooperation 

with the National Research 

and Innovation Agency 

(BRIN) and international 

research institutions for AI 

in education projects. 

[27] 

Infrastruc-

ture and 

Regulatory 

Challenges 

AI implementation is still 

limited by uneven infrastruc-

ture and regulations that are 

being developed. 

40% of SMKN 10 Makas-

sar have adequate infra-

structure for AI implemen-

tation; national regulation 

for AI in education is ex-

pected to take effect in 

2023-2025. 

[28] 

Student In-

terest and 

Motivation 

AI implementation increases 

students' interest and moti-

vation to learn in STEM 

fields, especially in AI-based 

robotics and simulation pro-

grams. 

Up to 20% increase in stu-

dent learning interest in 

STEM-related subjects at 

SMKN 10 Makassar using 

AI technology. 

[29] 
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Implementa-

tion Limita-

tions 

Limited training for teachers 

and the high cost of procur-

ing AI devices hinder wide-

spread adoption across Vo-

cational schools in Indone-

sia. 

50% of SMKN 10 

MAKASSAR teachers 

recognize that AI training 

is lacking, and 60% of 

schools consider cost as a 

major barrier to AI tech-

nology implementation. 

 

           [30] 

 

 

3.2 Impact of AI on Student Learning Outcomes and the Learning Process 

The impact of Artificial Intelligence (AI) on student learning outcomes and the learning 

process in Vocational High Schools (SMKN 10 Makassar) is significant and multidi-

mensional. Firstly, AI improves student learning outcomes through more personalized 

learning customization, where AI algorithms can analyze data from student perfor-

mance to provide appropriate and timely materials. This helps students understand con-

cepts better and encourages self-directed learning. In addition, the use of AI in the form 

of virtual tutors and interactive learning platforms allows students to learn flexibly, 

facilitating access to rich and diverse educational resources. The learning process also 

becomes more dynamic and engaging, thanks to gamification and simulation elements 

that encourage student engagement. From the teacher's side, AI helps reduce adminis-

trative burdens and provides data-driven insights into student progress, enabling a more 

effective and focused approach to teaching. As such, AI not only contributes to im-

proved academic outcomes but also enriches the learning experience, preparing stu-

dents for the challenges of an increasingly complex and high-tech world of work. Over-

all, the integration of AI in vocational education creates a more responsive and innova-

tive learning ecosystem, which supports the development of students' competencies and 

skills in the industrial era 4.0. 

The integration of AI in learning in vocational schools has a significant impact on 

student learning outcomes and the overall learning process. Several studies show that 

the use of AI in education can increase student motivation, improve information reten-

tion, and accelerate the learning process. AI provides a personalized approach that al-

lows students to learn in a way that suits their learning style, thereby improving under-

standing of the material. 
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Fig 1.  Comparison Chart of Learning in Vocational Schools Before and After AI Implementa-

tion 

 

3.3 Barriers to AI Integration in Vocational Schools 

Identifying barriers to the integration of Artificial Intelligence (AI) in Vocational High 

Schools (SMKN 10 Makassar) is an important step to ensure the successful implemen-

tation of this technology. One of the main barriers is inadequate infrastructure, where 

many SMKN 10 Makassar still lack stable internet access and the necessary hardware 

to support AI applications. Without strong infrastructure, the implementation of AI 

technology will not be effective. In addition, teaching skills are also a big challenge; 

many educators do not have sufficient knowledge or training in AI technology and how 

to integrate it into the curriculum. This can lead to mistrust and a lack of understanding 

of the benefits of AI in learning. The cost of procuring software and training for teachers 

can also be an obstacle, especially in schools with limited budgets. These factors con-

tribute to resistance to change and innovation in the learning process, hindering the 

potential benefits of AI in improving the quality of education in SMKN 10 Makassar. 
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Fig 2.  Barriers to online learning integration in vocational schools 

The data in Figure 2 illustrates the main barriers identified by respondents in inte-

grating Artificial Intelligence (AI) into learning in Vocational High Schools (SMKN 

10 Makassar). The following is a detailed description of the percentage of respondents 

who identified each barrier. A total of 40% of respondents identified teachers' lack of 

knowledge about AI technology as the main barrier. This suggests that teachers do not 

have sufficient skills or knowledge to utilize AI in the learning process, which may 

hinder effective implementation in the field. A total of 35% of respondents saw inade-

quate infrastructure as one of the significant obstacles. This includes limited hardware, 

internet networks, and other technological facilities needed to support the integration 

of AI in learning. 20% of respondents identified resistance to change as an obstacle. 

This reflects the skepticism or rejection from some parties towards the implementation 

of new technologies such as AI, which can slow down the adoption and implementation 

in the school environment. 30% of respondents cited implementation cost as one of the 

main obstacles. AI implementation requires a significant initial investment for software 

purchase, staff training, and technology maintenance, which may be a burden for 

schools with limited budgets. A total of 25% of respondents identified a lack of support 

from management as an obstacle. Strong management support is essential for success-

ful AI implementation, including the provision of resources, teacher coaching, and stra-

tegic planning [31]. This description of the data highlights that while AI offers great 

opportunities, its success in vocational education is highly dependent on managing 

these barriers, especially in the aspects of teacher knowledge, infrastructure, and man-

agement support [32] [33].  

 

3.4 Opportunities Arising from the Application Oo AI 

The application of Artificial Intelligence (AI) in learning in Vocational High Schools 

(SMKN 10 Makassar) opens various opportunities that can significantly improve the 

quality of education. One of the main opportunities is the improvement of learning ef-

ficiency, where AI can automate various administrative processes, such as assessment 

and reporting so that teachers can focus more on teaching and interacting with students. 

In addition, AI enables personalization of education, meaning that each student can 
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receive a learning experience tailored to their individual needs and abilities. By utilizing 

data analytics, AI can identify students' strengths and weaknesses and recommend the 

most effective teaching materials and methods for each individual. This not only im-

proves students' understanding of the material but also increases their motivation and 

engagement in the learning process. Furthermore, the application of AI also gives stu-

dents access to self-learning through online platforms that provide extensive and inter-

active educational resources. Thus, AI not only helps in the management of the learning 

process but also creates a more inclusive and responsive learning environment, prepar-

ing students to become a competitive workforce in the industrial era 4.0. 

 
Fig 3. Opportunities for the application of Artificial Intelligence (AI) in education at Vocational 

High Schools (SMKN 10 Makassar) 

Fig 3 Opportunities for the application of Artificial Intelligence (AI) in education at 

Vocational High Schools (SMKN 10 Makassar) This data shows the opportunities for 

the application of Artificial Intelligence (AI) in education at Vocational High Schools 

(SMKN 10 Makassar). Based on the percentage of respondents who identified these 

opportunities, 45% of respondents saw that AI has the potential to increase efficiency 

in the learning process. This includes automation of administrative tasks, optimization 

of teaching time, and better classroom management. 50% of respondents identified per-

sonalization of education as the biggest opportunity presented by AI. With AI, learning 

can be tailored to the individual needs of students, allowing for a more personal and 

responsive approach to differences in abilities and learning styles. 40% of respondents 

mentioned adaptive learning as a significant opportunity. AI allows the curriculum and 

learning materials to dynamically adjust to the level of understanding and progress of 

students, thus supporting the optimal development of student abilities. 30% of respond-

ents believe that AI opens wider access to educational resources. This includes access 
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to automatically updated learning content, AI-based open materials [22], and resources 

available online. This data provides an overview that the implementation of AI in vo-

cational schools is expected to bring various significant opportunities that can support 

improving the quality of education, especially in terms of efficiency, personalization, 

and accessibility of learning [34]. 

 

3.5 Recommendations for Effective Collaboration Models to Support AI 

Implementation in Vocational Schools 

Recommendations for an effective collaboration model in supporting the implementa-

tion of Artificial Intelligence (AI) in Vocational High Schools (SMKN 10 Makassar) 

involving synergistic collaboration between the government, educational institutions, 

industry, and the technology community. First, the government needs to develop poli-

cies that support teacher training and skills development in AI technology, as well as 

provide adequate infrastructure, such as fast internet access and the necessary hardware. 

Educational institutions must work with industry to design curricula that are relevant to 

market needs, ensuring that students gain knowledge and skills that are in line with the 

latest technological developments. This collaboration can also involve technology pro-

viders who can provide technical support and resources needed for AI implementation. 

Internship programs or collaborative projects between students and companies can cre-

ate valuable practical experience, while strengthening the relationship between the 

world of education and industry. The application of Artificial Intelligence (AI) in vo-

cational education in the industry 4.0 era offers significant potential for innovation and 

improvement. AI can personalize the learning experience, automate administrative 

tasks, and create a more interactive learning environment [35]. In educational manage-

ment, AI contributes to the automation process, improving the quality of learning, and 

developing adaptive education models [23]. The application of collaborative technol-

ogy in vocational schools provides opportunities for students to engage with emerging 

technologies, improving communication and collaboration skills. 

The data above shows the level of effectiveness of various collaboration models that 

are considered important by respondents in supporting the implementation of AI in Vo-

cational High Schools (SMKN 10 Makassar). This collaboration is considered the most 

effective by respondents. As many as 72% of respondents believe that active involve-

ment between government and industry is the main key to the success of AI implemen-

tation in vocational schools. The government and industry together can provide infra-

structure, funding, and policies that support the implementation of AI technology, in-

cluding training programs and the provision of hardware and software. Partnerships 

between schools and technology companies are also considered very effective, with 

68% of respondents supporting them. These partnerships provide schools with access 

to advanced technology, AI tools, and the technical support needed to integrate AI into 

the curriculum. Technology companies can also provide internship opportunities for 

students, allowing them to gain practical experience in the industry. 
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Fig 4. Perceived Effectiveness of Collaboration Models in AI Education 

As many as 63% of respondents considered ongoing training for teachers an im-

portant step. Teachers need to be equipped with relevant skills and knowledge to use 

AI in teaching. This training helps teachers to stay up to date with the latest develop-

ments in AI and implement effective teaching methods using this technology. Despite 

being ranked the lowest, as many as 58% of respondents still consider communities of 

practice and collaborative networks as important elements in supporting AI implemen-

tation. Through these communities, teachers, schools, and industry partners can share 

knowledge, experiences, and best strategies to overcome challenges that arise during 

AI implementation in vocational schools. These data show that the success of AI im-

plementation in vocational schools is highly dependent on collaboration involving var-

ious parties. Collaboration between government and industry is seen as the most im-

portant [36] followed by school partnerships with technology companies, ongoing 

training for teachers, and the formation of communities of practice. These findings un-

derscore the potential of AI and collaborative technologies to enhance educational vo-

cations and prepare students for the challenges of the digital era. 

4 Conclusion 

The integration of Artificial Intelligence (AI) technology into learning at SMKN 10 

Makassar demonstrates significant potential to enhance the quality of vocational edu-

cation in the industry 4.0 era. Quantitatively, the implementation of AI has improved 
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learning efficiency by up to 15% through automated assessments and personalized ma-

terials while increasing students' interest in STEM subjects by 20%. However, chal-

lenges such as limited infrastructure (only 40% of schools have adequate facilities), 

insufficient teacher training (50%), and high implementation costs (60%) remain sig-

nificant barriers. Qualitatively, AI enables adaptive and personalized learning that en-

hances students' understanding, while virtual tutors and interactive simulations provide 

dynamic learning experiences. Major opportunities include the personalization of edu-

cation (50%) and increased learning efficiency (45%), despite 20% of respondents iden-

tifying resistance to technological change as a challenge. Addressing these barriers re-

quires collaboration between the government, educational institutions, and industry. 

The government is expected to provide teacher training and infrastructure, while part-

nerships with technology companies can facilitate access to AI tools, training, and in-

ternship opportunities for students. Through a collaborative approach, AI can create an 

innovative learning environment, improve student competencies, and better prepare 

them to compete in a technology-driven workforce. 
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