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Abstract 

he integration of Artificial Intelligence (AI) and Deep Learning (DL) in education has gained significant 
global attention as countries adapt to the demands of Industry 4.0 and Society 5.0. In Indonesia, where 

the education system serves over 60 million students, the potential of these technologies is both promising 
and underutilized. A fundamental challenge lies in the dual interpretation of the term “deep learning”: 
globally, it is defined as an AI technique using neural networks, whereas in Indonesian educational policy, it 
refers to pedagogical strategies fostering higher-order thinking skills. This semantic dissonance risks 
miscommunication and fragmented implementation. Through a combined literature review and policy-
oriented analysis, this paper critically examines Indonesia’s current position in adopting AI and DL within its 
education system. The study highlights conceptual inconsistencies, infrastructural limitations, and equity 
concerns, especially in underserved regions. It calls for a standardized terminology framework, investment in 
inclusive AI infrastructure, teacher training on ethical AI use, and the development of a national AI-in-
education roadmap. By addressing these issues, Indonesia can align its educational transformation with 
global standards while preserving its local pedagogical values. 
 
Keywords: Artificial Intelligence, Deep Learning, Digital Pedagogy,  Indonesian Education System, National 
Education Framework. 

 
Introduction 

The Indonesian education system stands at a critical juncture, navigating the dual pressures and 

opportunities brought by the Fourth Industrial Revolution (Industry 4.0) and the rise of Society 5.0. As 

technological innovation increasingly intersects with educational priorities, teaching and learning 

processes must evolve to become more dynamic, adaptive, and data-driven. Among the most 

transformative technologies in this landscape are Artificial Intelligence (AI) and Deep Learning (DL), 

both of which hold significant potential to reshape education through personalization, automation, and 

intelligent decision-making. 

However, a key conceptual challenge arises in the Indonesian context: the term “deep learning” 

is subject to dual interpretations. In global academic and technological circles, deep learning refers 

specifically to a subset of AI involving neural networks capable of autonomous learning from large 

datasets [1]. In contrast, within Indonesia’s Ministry of Education—especially at the Directorate General 

of Primary and Secondary Education—deep learning is predominantly framed pedagogically, referring 

to the development of higher-order thinking skills, critical reasoning, and deep cognitive engagement, 

often based on Bloom’s taxonomy or constructivist approaches [2]. 

T 
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This divergence in terminology can lead to policy misalignment, confusion in implementation, 

and gaps in teacher training. For example, when policy documents advocate for "deep learning" in 

classrooms, interpretations may vary: some educators may assume it implies using AI-powered 

platforms, while others may align it with pedagogical strategies emphasizing student inquiry and critical 

thinking. Without a clear, shared understanding, efforts to integrate AI and deep learning into the 

curriculum risk becoming fragmented or misdirected. 

In this paper, we critically examine the state of AI and deep learning in the Indonesian education 

system. Through a synthesis of recent literature, policy analysis, and expert reflections, we highlight the 

current challenges, conceptual ambiguities, and systemic gaps. Furthermore, we offer strategic 

recommendations to ensure the integration of AI and DL technologies is coherent, inclusive, and 

ethically grounded—ultimately enabling Indonesia to prepare its learners for an increasingly digital and 

intelligent world. 

Literature Review 

A. Defining AI and Deep Learning in Education 

Artificial Intelligence in education refers to the use of intelligent systems that can simulate human 

cognitive functions such as reasoning, problem-solving, decision-making, and learning [3]. Deep 

Learning, a subset of AI based on artificial neural networks, enables machines to learn from large 

volumes of data, recognize complex patterns, and make autonomous decisions [1]. In educational 

settings, these technologies are applied in diverse ways—automated grading systems, intelligent 

tutoring systems (ITS), AI-powered learning analytics, personalized learning environments, and 

predictive analytics to identify at-risk students [4]. These applications allow educators to tailor learning 

experiences to individual student needs and enhance efficiency across administrative and academic 

domains. 

B. Global Trends in AI and DL Integration in Education 

Several countries have advanced significantly in AI implementation. China, for instance, has 

launched large-scale pilot programs using AI to monitor student behavior, performance, and 

engagement in real time [5]. The United Kingdom has invested in AI research to support personalized 

learning and ethical frameworks in educational settings [3]. In the U.S., platforms such as Carnegie 

Learning and Knewton use adaptive AI algorithms to provide real-time feedback and curriculum 

adjustments based on learner progress [6]. Systematic reviews indicate that AI-enhanced education 

results in increased learner motivation, improved retention, and enhanced self-regulation skills [7]. 

Deep learning models, in particular, offer promise in developing intelligent tutoring systems that adapt 

to student knowledge states [8]. 

C. The State of AI and DL in Indonesia’s Education System 

In Indonesia, AI integration in education is still in its early stages. A few universities, such as 

Universitas Indonesia and Institut Teknologi Bandung, have begun exploring AI applications in teaching 

and research [9]. On the policy side, the Ministry of Education has highlighted the role of digital 

transformation, yet concrete implementation of AI-based systems remains limited to pilot projects. 

Challenges such as uneven infrastructure, limited digital literacy among teachers, and lack of centralized 



Buletin Edukasi Indonesia (BEI)  E-ISSN 2962-1674 

DOI: 10.56741/bei.v4i02.949  P-ISSN 2962-5742 

Title: Paper Formatting for IISTR (max. 12 words) (First author, et al.)     
BEI by IISTR 

Vol. 4, No. 02, August 2025, pp. 90-97 

Page | 92 

data systems impede large-scale AI integration [10]. Nevertheless, a few initiatives are worth noting. 

The Platform Merdeka Mengajar (Freedom to Teach Platform), launched by the Ministry of Education, 

aims to personalize teacher development using data analytics. While not yet powered by deep learning 

models, it reflects a shift toward data-informed educational policymaking [11]. 

D. Deep Learning Applications in the Classroom 

Several studies demonstrate the effectiveness of deep learning methods for Indonesian students in 

specific contexts. For example, convolutional neural networks (CNNs) have been applied for handwriting 

recognition in literacy training [12]. Recurrent neural networks (RNNs) have been tested in language 

learning apps to predict user behavior and recommend exercises [13]. However, most of these 

implementations remain limited to research settings rather than being scaled for nationwide 

application. More significantly, there is growing interest in using deep learning for educational data 

mining, such as predicting student dropout rates, analyzing exam performance trends, and automating 

content curation [14]. These use cases offer tremendous potential to support teachers in managing large 

classes and improving learner outcomes. 

Challenges and Gaps in Implementation 

A. Technological and Infrastructure Disparities 

The integration of deep learning technologies in education is heavily dependent on reliable digital 

infrastructure. In Indonesia, this presents a significant challenge. While urban schools may have access 

to stable internet connections, up-to-date devices, and digital tools, rural and remote areas often suffer 

from limited connectivity and outdated facilities [15]. These disparities directly influence the feasibility 

of deploying AI-driven educational tools equitably across the country. A nationwide digital 

transformation effort must first resolve the “hardware gap” that exists between different regions. 

Without sufficient hardware, any attempt to implement deep learning platforms—such as adaptive 

learning systems or automated assessment tools—would likely exacerbate existing inequalities rather 

than resolve them. 

B. Student Equity and the Digital Divide 

One of the most critical issues in adopting AI in the Indonesian education system is the risk of 

worsening student inequity. AI and deep learning tools are inherently data-driven; they perform best 

when learners have consistent digital interactions that generate analyzable data. However, students 

from marginalized backgrounds often lack regular access to digital learning environments, leading to 

underrepresentation in the very datasets that power AI [16]. Moreover, algorithmic bias can emerge 

when systems trained on data from more privileged learners are used to make decisions affecting all 

students. This could result in skewed feedback, unfair assessment outcomes, or the reinforcement of 

existing socio-economic disparities [17]. For Indonesia—a nation marked by cultural, linguistic, and 

economic diversity—deep learning systems must be carefully designed to be inclusive, multilingual, and 

culturally sensitive. 

C. Limited Human Capital and Educator Preparedness 

The successful integration of deep learning in education also depends on the readiness of educators. 

In Indonesia, teacher digital literacy varies widely. Many educators, particularly in public schools, lack 
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exposure to AI technologies and do not receive sufficient professional development on digital 

pedagogies [18]. Consequently, the use of AI-based tools is often limited to surface-level adoption, 

without deeper pedagogical integration. Furthermore, there is a notable absence of interdisciplinary 

collaboration between computer scientists and education practitioners in Indonesia. This gap hinders 

the development of educational AI systems that are grounded in sound learning theory and tailored to 

classroom realities [19]. Without targeted investment in human capital, both in pre-service and in-

service teacher training, the promise of AI in education will remain unrealized. 

D. Ethical Concerns and Data Governance 

As AI and deep learning systems increasingly collect, store, and analyze sensitive student data, 

issues of privacy and data governance become paramount. Indonesia currently lacks a comprehensive 

legal framework that regulates AI in educational contexts. The Personal Data Protection Act (UU PDP), 

passed in 2022, provides a foundational policy for digital rights, but its enforcement in the education 

sector remains unclear [20]. Ethical concerns also arise regarding student surveillance and the use of 

predictive analytics. For example, AI models that attempt to predict student success or risk of dropout 

may unintentionally label and stigmatize learners, especially those from underrepresented groups [21]. 

Such risks demand the creation of clear ethical guidelines and transparency mechanisms to ensure that 

deep learning tools are used to empower, not control, the learning experience. 

E. Institutional Readiness and Policy Incoherence 

At a policy level, while there are initiatives to promote digital transformation—such as the “Digital 

Talent Scholarship” and the “Merdeka Belajar” framework—there remains no national roadmap for the 

integration of AI and deep learning in schools [11]. The absence of such a roadmap leads to fragmented 

implementation, lack of coordination between ministries, and a dependency on isolated pilot programs 

funded by private stakeholders or universities. Without centralized leadership, scalable models for AI 

adoption in education struggle to emerge. More critically, the lack of standardized evaluation metrics 

means that existing AI-based initiatives are not systematically assessed for impact, cost-effectiveness, or 

ethical compliance. 

Strategic Recommendations for Ethical and Effective Integration 

A foundational challenge in Indonesia's educational discourse is the dual interpretation of the 

term “Deep Learning.” In academic and technological contexts, deep learning refers to a branch of 

artificial intelligence that uses layered neural networks to identify patterns and learn from data 

autonomously [1]. However, in many official Indonesian education policies—particularly within the 

Directorate General of Primary and Secondary Education—the term “deep learning” is framed 

pedagogically to mean high-order thinking, critical engagement, or learning deeply, often influenced by 

Bloom’s taxonomy or constructivist paradigms [2]. This semantic dissonance can lead to confusion in 

implementation, training, and evaluation. For instance, a policy that calls for promoting “deep learning” 

may be interpreted by school administrators as a mandate to use AI-powered tools, while curriculum 

developers might read it as a call for pedagogical strategies to promote deeper student understanding. 

The Ministry of Education and related stakeholders must standardize terminologies in national policy 

documents. A glossary or framework that distinguishes AI-based deep learning from deep learning as a 
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pedagogical goal should be published and integrated into teacher training modules. This distinction is 

vital to ensure policy clarity and avoid fragmented adoption of AI technologies under ambiguous 

guidelines. 

Table 1.  Clarifying the Dual Interpretation of “Deep Learning” in Policy 

Issue Strategic Action Expected Outcome 

Semantic confusion between AI-
based deep learning and pedagogical 
deep learning 

Develop a standardized national 
glossary distinguishing the two 
meanings 

Greater policy clarity and 
consistent interpretation across 
institutions 

Misalignment in training and 
curriculum design 

Integrate clear definitions into 
teacher training and curriculum 
guidelines 

Reduced implementation errors 
and improved instructional 
coherence 

Fragmented adoption of AI under 
ambiguous directives 

Publish a conceptual framework 
aligned with international 
terminology 

More effective and intentional AI 
integration in education 

AI and deep learning systems deployed in education must be designed with equity at their core. 

This involves not only making AI tools accessible to underserved schools and students, but also ensuring 

that the training data used to build AI models reflect Indonesia’s cultural and linguistic diversity [10]. 

Systems that support local languages, accommodate different learning styles, and adapt to variable 

access levels will be more inclusive and effective. Invest in localized dataset development and promote 

open-source, community-based AI projects can empower local developers and educators to build and 

adapt solutions for specific regional needs. 

As AI systems begin to affect educational decision-making—from personalized feedback to 

predictive analytics—it is crucial that teachers are trained not only to use such tools but also to 

understand the ethical implications of their use. Topics such as algorithmic bias, data privacy, and 

transparency should be embedded into both pre-service and in-service teacher education programs 

[17]. Interdisciplinary training modules can bring together experts in computer science, education, and 

ethics to train educators in how to critically engage with AI systems, rather than merely operate them. 

Table 2.  Promoting Inclusive and Equitable AI Integration 

Issue Strategic Action Expected Outcome 

AI tools often lack cultural 
and linguistic inclusivity 

Invest in localized datasets and 
multilingual AI systems 

Tools that are better suited to 
Indonesia’s diverse learner population 

Digital divide among urban 
and rural schools 

Prioritize infrastructure and device 
access in underserved regions 

More equitable access to AI-supported 
learning environments 

Limited grassroots 
participation in AI 
development 

Support open-source, community-
led AI initiatives 

Increased innovation and ownership 
from local developers and educators 

Currently, AI integration in Indonesian schools lacks a cohesive strategy. Isolated pilot 

programs and limited-scale experiments have not yet led to nationwide transformation. A centralized 

roadmap would allow for more coordinated development, budget allocation, impact evaluation, and 

regulation. The Ministry of Education, in collaboration with the Ministry of Communication and 

Information Technology, should establish a “National AI in Education Framework”, with clear short-, 

medium-, and long-term goals. This roadmap should include policies for infrastructure investment, 

system interoperability, ethical compliance, and teacher capacity-building. 
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Table 3.  Strengthening Systemic and Ethical Foundations for AI in Education 

Issue Strategic Action Expected Outcome 

Lack of teacher understanding of 
AI systems 

Develop interdisciplinary training 
on AI literacy and ethics 

Teachers become critical users and 
evaluators of AI technologies 

Uncoordinated AI integration 
across schools 

Create a National AI in Education 
Framework and roadmap 

Streamlined policy, budgeting, 
evaluation, and nationwide 
scalability 

Weak collaboration between 
academia, tech, and government 

Establish incentive schemes for 
cross-sector R&D partnerships 

Accelerated development of 
context-sensitive, scalable AI 
solutions 

Indonesia’s tech sector and academic institutions possess the talent and innovation potential to 

contribute to AI in education. However, partnerships between policymakers, tech developers, and 

educators remain underdeveloped. It is crucial to create incentives for collaborative research and 

development (R&D) projects that link universities, ed-tech companies, and schools. These partnerships 

could focus on creating culturally relevant AI tools, evaluating their effectiveness, and scaling successful 

models nationwide. 

The integration of artificial intelligence (AI) and digital technology in Indonesia’s education 

system presents both significant opportunities and pressing challenges, especially in addressing 

educational inequality. Rural and urban disparities remain evident, with digital education initiatives 

often failing to meet the infrastructural and resource needs of marginalized communities [15][22]. As 

outlined in the Indonesia Digital Vision 2045, the government envisions a transformative, tech-driven 

educational landscape, yet achieving this goal requires inclusive policies and equitable access [23]. AI’s 

role in enhancing interdisciplinary collaboration and personalized learning is increasingly recognized 

[19][24], but its effective deployment depends on institutional readiness and thoughtful implementation 

strategies [16]. Long-term success hinges on systemic reforms that bridge digital divides and strengthen 

educational infrastructure nationwide [25]. 

Conclusion 

The integration of deep learning and artificial intelligence into the Indonesian education system 

represents both a transformative opportunity and a multifaceted challenge. While global advancements 

in AI promise to revolutionize how students learn and how teachers teach, local implementation must 

be critically adapted to suit Indonesia’s unique socio-cultural, infrastructural, and educational contexts. 

This article has highlighted the dual meaning of the term deep learning—as a branch of artificial 

intelligence and as a pedagogical aim—and the confusion this causes in national policy discourse. 

Clarifying this distinction is vital to ensuring coherent strategies and effective implementation. 

Furthermore, challenges such as technological inequality, student equity, data ethics, and limited teacher 

preparedness must be proactively addressed to prevent the deepening of existing educational 

disparities. AI in education should not be viewed as a replacement for human teachers or traditional 

pedagogies, but as a tool to augment human capacity, personalize learning, and democratize access to 

quality education. However, these benefits will only be realized if stakeholders across sectors—

government, academia, industry, and civil society—work together within a shared ethical and strategic 

framework. Moving forward, Indonesia needs a national AI-in-education roadmap, inclusive policies that 

prioritize underrepresented learners, and sustained investment in both infrastructure and human 



Buletin Edukasi Indonesia (BEI)  E-ISSN 2962-1674 

DOI: 10.56741/bei.v4i02.949  P-ISSN 2962-5742 

Title: Paper Formatting for IISTR (max. 12 words) (First author, et al.)     
BEI by IISTR 

Vol. 4, No. 02, August 2025, pp. 90-97 

Page | 96 

capital. Only through thoughtful, inclusive, and equity-centered approaches can deep learning and AI 

become catalysts for meaningful educational transformation in Indonesia. 
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