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Abstract 
The advancement of artificial intelligence technologies, particularly deep learning, offers new opportunities 
for transforming education, including efforts to enhance digital literacy at the elementary school level 
(SD/MI). However, the implementation of this technology is accompanied by various complex challenges, 
encompassing technical, pedagogical, and policy-related aspects. This study aims to comprehensively 
examine the challenges, prospects, and the need for strategic integration in the application of deep learning 
to improve students’ digital literacy in primary education. The study employs a library research method with 
a descriptive qualitative approach, analyzing relevant scientific literature published within the last five years 
(2020–2025). The data were analyzed using content analysis techniques to identify patterns related to the 
implementation of deep learning in elementary education. The findings reveal that the main challenges 
include limited technological infrastructure, low levels of teacher competence, misalignment of pedagogical 
approaches, as well as ethical and data security concerns. On the other hand, deep learning demonstrates 
significant potential in supporting personalized, adaptive, and data-driven learning, as well as in enhancing 
student engagement and the quality of digital literacy. Furthermore, the successful implementation of this 
technology depends on strategic integration among technological, pedagogical, human resource, and policy 
dimensions. This study provides a conceptual contribution to understanding the dynamics of deep learning 
implementation in primary education and offers practical implications for developing contextual and 
sustainable technology-based learning innovations. Future research is recommended to conduct empirical 
studies to evaluate the effectiveness of deep learning implementation in real classroom settings. 
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1. Introduction 

The rapid advancement of information 
and communication technology has brought 
significant transformations across various 
sectors, including education. This 
transformation not only changes the way 
instructional content is delivered but also 

redefines the role of schools as institutions 
that are no longer merely centers for 
knowledge transmission, but also strategic 
environments for fostering critical, creative, 
collaborative, and adaptive learners in 
response to global dynamics (Javed et al., 
2022). In this context, education systems are 
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required to effectively integrate technology 
to support the development of 21st-century 
competencies. 

One of the key competencies 
emphasized in the digital era is digital 
literacy. Digital literacy extends beyond the 
technical ability to operate digital devices; it 
also encompasses cognitive and ethical 
dimensions, such as the ability to critically 
evaluate information, understand the social 
context of technology use, and apply ethical 
principles in digital interactions (Naila et al., 
2021; Zamista & Azmi, 2023). Strengthening 
digital literacy is particularly crucial when 
introduced at an early age, especially at the 
elementary school level (SD/MI), which 
represents a critical stage for character 
building and the development of 
foundational literacy skills (Hadiansah et al., 
2021). 

However, the implementation of digital 
literacy in primary education still faces 
various structural and cultural challenges. 
Limited technological infrastructure, 
insufficient digital competence among 
teachers, and the lack of optimal integration 
of technology into the curriculum are major 
obstacles that hinder the effectiveness of 
digital-based learning (Suwarto et al., 2022; 
Nangimah & Dharin, 2023). Furthermore, 
learning approaches that are not yet fully 
adaptive to the characteristics of young 
learners contribute to suboptimal 
internalization of digital literacy 
competencies. 

To address these challenges, the 
development of artificial intelligence 
technologies, particularly deep learning, 
offers promising opportunities for 
educational innovation. Deep learning, as a 
subfield of machine learning, enables 
systems to process large-scale data and 
identify complex patterns through multi-
layered artificial neural networks (Zhai et al., 

2024; Zhao et al., 2023). While initially 
applied in sectors such as healthcare, 
industry, and finance, this technology is 
increasingly being adopted in education to 
enhance personalization, efficiency, and 
analytical capabilities in learning processes. 

In the context of primary education, 
deep learning has the potential to act as an 
enabler for intelligent learning systems that 
can dynamically adapt content, instructional 
methods, and difficulty levels according to 
individual student characteristics in real time. 
Additionally, this technology can be utilized 
to analyze students’ learning behaviors, 
provide instant feedback, and support data-
driven instructional decision-making 
(Albreiki et al., 2021; Fahd et al., 2022). 
Consequently, the integration of deep 
learning not only enhances learning 
effectiveness but also contributes to 
strengthening students’ digital literacy 
through more interactive and contextual 
learning experiences (Maulana & Lengkong, 
2025). 

Nevertheless, the implementation of 
deep learning in primary education is not 
without challenges. From a technical 
perspective, it requires adequate 
infrastructure, including high-performance 
hardware and sophisticated software 
systems. From a human resource perspective, 
it demands specific competencies in 
managing and utilizing artificial intelligence 
technologies, which are still limited among 
educators (Fahd et al., 2022). In addition, 
ethical concerns such as data privacy, 
algorithmic bias, and the potential 
psychological impact of excessive 
technology use on children must be carefully 
addressed. 

Despite these challenges, the prospects 
for integrating deep learning into primary 
education remain substantial. When aligned 
with a contextually relevant curriculum and 
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supported by continuous teacher training, 
this technology can foster an innovative, 
inclusive, and sustainable learning ecosystem 
(Zhao et al., 2023). Furthermore, it opens 
opportunities for collaboration between the 
education sector and the technology industry, 
enabling the development of learning 
environments that are not only content-
driven but also data-driven and personalized 
(Zamista & Azmi, 2023; Suwarto et al., 
2022). With appropriate pedagogical 
approaches, deep learning can serve as a 
catalyst for creating effective, engaging, and 
meaningful learning experiences. 

Previous studies have demonstrated the 
significant potential of deep learning in 
enhancing learning outcomes and digital 
literacy. Zhao et al. (2023) reported 
improvements in early childhood 
understanding through deep learning-based 
educational games. Zhai et al. (2024) found 
that this technology is also effective in 
improving teachers’ digital literacy at the 
secondary education level. Alnasyan et al. 
(2024), in their systematic review, 
highlighted that deep learning can accurately 
predict student learning performance in 
virtual environments. At the primary 
education level, Aryanto et al. (2025) 
demonstrated that a transformational 
approach based on deep learning can 
significantly improve students’ literacy and 
numeracy. Moreover, Lubis and Ariansyah 
(2024) confirmed its relevance in Islamic-
based educational settings. Similar findings 
by Xu (2022) and Hu (2023) emphasize the 
role of deep learning in developing smart 
classrooms and IoT-based learning 
innovations. 

Despite these contributions, most 
existing studies focus on secondary and 
higher education levels or emphasize 
technological development rather than 
contextual implementation in primary 

education. Research that specifically 
explores the challenges and prospects of 
deep learning in enhancing digital literacy 
among elementary school students, 
particularly within the Indonesian context, 
remains limited. This gap highlights the need 
for a comprehensive and critical review that 
integrates global perspectives with local 
educational needs. 

Based on this research gap, the present 
study aims to critically and systematically 
examine the challenges and prospects of 
implementing deep learning to enhance 
digital literacy among elementary school 
students. Employing a literature review 
approach, this study analyzes various 
scientific publications, prior research 
findings, and relevant educational practices 
to develop a comprehensive and integrated 
understanding. The findings are expected to 
provide a conceptual foundation for the 
development of intelligent, adaptive, and 
contextually relevant digital learning 
innovations that align with the needs of 
primary education in the digital era. 

 
2. Method 

This study employs a library research 
approach with a descriptive qualitative 
design. This approach is selected to 
systematically examine relevant scientific 
literature concerning the application of deep 
learning in enhancing digital literacy among 
elementary school students (SD/MI). Library 
research enables the synthesis of knowledge 
from credible sources to develop a 
comprehensive and structured understanding 
of the research problem. 

The data used in this study are 
secondary data derived from various 
scientific publications, including peer-
reviewed journal articles, conference 
proceedings, academic books, research 
reports, and other relevant scholarly 
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documents. To ensure the novelty and 
relevance of the findings, the literature is 
limited to publications within the last five 
years (2020–2025). This timeframe is 
intended to capture the most recent 
developments in deep learning and digital 
literacy within the context of primary 
education. 

The literature search was conducted 
systematically across multiple national and 
international academic databases, including 
Google Scholar, Scopus, ScienceDirect, the 
Directory of Open Access Journals (DOAJ), 
as well as national journal portals such as 
SINTA and Garuda. The search strategy 
utilized a combination of relevant keywords, 
including “deep learning,” “digital literacy,” 
“elementary education,” “AI in education,” 
and “educational technology.” These 
keywords were combined using Boolean 
operators (AND, OR) to refine and optimize 
the search results in accordance with the 
research objectives. 

The selection of literature followed 
several stages: (1) initial identification based 
on titles and abstracts to assess relevance to 
the research focus; (2) screening of studies 
that met the inclusion criteria, namely 
publications explicitly addressing the 
application of deep learning or artificial 
intelligence in education and/or digital 
literacy; and (3) eligibility assessment 
through full-text review to ensure alignment 
with the study objectives. Studies that did 
not meet the criteria-such as non-peer-
reviewed publications, those irrelevant to 
primary education, or those with significant 
methodological limitations-were excluded 
from the analysis. 

The selected data were analyzed using 
content analysis techniques to identify, 
categorize, and interpret key themes 
emerging from the literature. The analysis 
process was conducted in several stages, 

including data reduction, data display, and 
conclusion drawing. During the data 
reduction phase, essential information was 
extracted from each study, such as research 
objectives, methodologies, key findings, and 
implications. The data were then organized 
into thematic categories based on the study 
focus: (1) challenges in implementing deep 
learning in digital literacy learning at the 
elementary level, and (2) prospects and 
potential developments of its application in 
primary education. 

To ensure the validity and credibility of 
the findings, this study applied source 
triangulation, by comparing and cross-
validating information obtained from 
multiple credible and peer-reviewed sources. 
Only literature from reliable academic 
sources was included to maintain the quality 
and trustworthiness of the analysis. 

The findings of this literature-based 
analysis are expected to provide a 
comprehensive overview of the challenges 
and opportunities associated with the 
implementation of deep learning in 
enhancing digital literacy among elementary 
school students. Furthermore, this study aims 
to offer a conceptual foundation and 
academic reference for the development of 
intelligent, adaptive, and contextually 
relevant digital learning innovations tailored 
to the characteristics and needs of primary 
education in the digital era. 

 
3. Result and Discussion 

Based on the analysis of relevant litera-
ture, the findings of this study indicate that 
the implementation of deep learning in 
enhancing digital literacy among elementary 
school students (SD/MI) constitutes a com-
plex and multidimensional phenomenon. 
This complexity is reflected not only in the 
various challenges encountered during the 
implementation process but also in the signi-
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ficant potential offered by this technology to 
improve the quality of learning in the digital 
era. Therefore, to achieve a more systematic 
and comprehensive understanding, the fin-
dings of this study are classified into three 
main focuses: (1) the challenges of imple-
menting deep learning in digital literacy le-
arning at the elementary education level, (2) 
the prospects and opportunities for its deve-
lopment in supporting the improvement of 
students’ digital literacy, and (3) the need for 
strategic integration among technological, 
pedagogical, and policy aspects as a prere-
quisite for successful implementation. These 
three focuses are interrelated and collectively 
form a comprehensive analytical framework 
for understanding the dynamics of deep le-
arning implementation in the context of pri-
mary education. 

 
a. Challenges in the Implementation of 

Deep Learning for Digital Literacy in 
Elementary Education 
The implementation of deep learning in 

digital literacy learning at the elementary 
school level (SD/MI) faces complex and 
multidimensional challenges. These 
challenges are not limited to technical 
aspects but also encompass pedagogical, 
human resource, social, and educational 
policy dimensions. This indicates that 
integrating intelligent technologies such as 
deep learning into primary education 
requires comprehensive and systemic 
readiness. 

One of the most prominent challenges is 
the limitation of technological infrastructure. 
Many elementary schools, particularly in 
non-urban areas, still face constraints in 
terms of hardware availability, stable internet 
access, and supporting digital learning 
systems (Suwarto et al., 2022). This 
condition leads to disparities in access to 
technology, which ultimately affects the 
quality gap between urban and rural schools. 
Without adequate infrastructure, the 
implementation of deep learning remains 
largely conceptual and difficult to 
operationalize in real classroom settings. 

In addition, teacher readiness and 
competence represent critical factors 
influencing the successful adoption of this 
technology. Hadiansah et al. (2021) found 
that most elementary school teachers are still 
at a basic level of digital technology usage. 
They lack sufficient understanding of 
artificial intelligence concepts, including 
deep learning, which limits their ability to 
integrate it pedagogically into meaningful 
learning processes. This finding is supported 
by Yolla Yulia Astuti and Farida (2021), 
who argue that teachers often perceive 
technology as an additional burden due to 
time constraints and curriculum pressures. 
The lack of continuous professional training 
and technical support further exacerbates this 
issue. 

To provide a more systematic overview 
of these challenges, Table 1 presents a 
summary of the key barriers identified in the 
literature. 

 
Table 1. Challenges in the Implementation of Deep Learning for Digital Literacy in Elementary Students 
Challenge Aspect Description Sumber Pustaka 

Technological Infras-
tructure 

Limited availability of hardware, internet connecti-
vity, and supporting software in primary schools 

Suwarto et al. (2022); Nangi-
mah & Dharin (2023) 

Digital Access Ine-
quality 

Disparities in facilities and ICT capabilities between 
urban and rural schools Hadiansah et al. (2021) 

Teacher Readiness Low level of teachers’ digital competence and insuf-
ficient training in deep learning 

Yolla Yulia Astuti & Farida 
(2021); Maulana & Lengkong 
(2025) 
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Challenge Aspect Description Sumber Pustaka 
Pedagogical Appro-
ach 

Deep learning approaches are often not aligned with 
the cognitive development stages of primary school 
students 

Maharani & Rahmawati (2023); 
Aryanto et al. (2025) 

Data Security and 
Ethics 

Risks of privacy breaches and misuse of children's 
data in digital learning systems 

Zhai et al. (2024); Fahd et al. 
(2022) 

Algorithmic Bias Potential unfairness in predictions and feedback 
when systems are trained on non-inclusive datasets 

Alnasyan et al. (2024); Albreiki 
et al. (2021) 

Limited Technologi-
cal Collaboration 

Limited involvement of primary school teachers in 
the development of deep learning systems 

Xu (2022); Lubis & Ariansyah 
(2024) 

Limited Empirical 
Studies 

Limited number of studies focusing on the use of 
deep learning in primary education, particularly in 
Indonesia 

Maulana & Lengkong (2025); 
Aryanto et al. (2025) 

Low Public AI Lite-
racy 

Low level of AI literacy among parents and teachers Khosibah et al. (2025); Wang et 
al. (2024) 

Curriculum and Poli-
cy Integration 

Lack of clear national regulations and policies go-
verning the implementation of deep learning in pri-
mary education 

Lubis & Ariansyah (2024); 
Khomsah & Darmanto (2024) 

 
Table 1 demonstrates that the challenges 

associated with deep learning 
implementation are interrelated and form a 
complex ecosystem of barriers. Infrastructure 
serves as a foundational element; however, 
without adequate teacher readiness and 
appropriate pedagogical approaches, 
available technologies cannot be utilized 
optimally. Furthermore, issues related to data 
security and digital ethics are critical 
concerns, as deep learning involves large-
scale data processing, including students’ 
personal data (Zhai et al., 2024). The risk of 
algorithmic bias identified by Alnasyan et al. 
(2024) further indicates that such 
technologies are not entirely neutral, thus 
requiring careful design and monitoring to 
ensure inclusivity and fairness. 

From a pedagogical perspective, 
additional challenges arise due to the 
complexity of deep learning approaches, 
which are often not aligned with the 
cognitive characteristics of elementary 
school students. Maharani and Rahmawati 
(2023) emphasize that learning at the 
primary level should be contextual, 
engaging, and developmentally appropriate. 
If technology is implemented without proper 
pedagogical adaptation, it may lead to 
confusion and decreased student 
engagement. Therefore, instructional design 
must bridge the gap between technological 
complexity and the developmental needs of 
young learners. 

To further elaborate on challenges 
related to human resources and pedagogy, 
Table 2 is presented below. 

 
Table 2. Challenges in Teacher and Pedagogical Aspects in Deep Learning Implementation 

No Aspect Description of Challenges Impact 
1 Teacher Competence Limited understanding of AI and deep learning Suboptimal learning outcomes 
2 Training Lack of continuous professional development Slow technology adoption 
3 Teacher Perception Technology perceived as an additional burden Resistance to innovation 
4 Pedagogy Misalignment with students’ cognitive 

development 
Reduced learning 
effectiveness 

5 Instructional Design Limited integration of technology into lesson 
planning 

Lack of contextual learning 

 
 

Table 2 highlights that challenges 
related to teachers and pedagogy have direct 
implications for the quality of learning. 

Limited teacher competence in 
understanding deep learning technologies 
results in ineffective integration into 
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instructional practices. Moreover, negative 
perceptions of technology as an additional 
burden indicate psychological and cultural 
resistance to change. This suggests that 
digital transformation in education requires 
not only technical skill development but also 
shifts in mindset and professional culture 
among educators. 

Furthermore, ethical and data security 
concerns represent significant challenges that 
must be addressed. The use of deep learning 
in education involves collecting and 

analyzing large volumes of student data, 
which raises concerns regarding privacy and 
data protection (Zhai et al., 2024). In 
addition, algorithmic bias may lead to unfair 
outcomes in providing feedback or learning 
recommendations (Alnasyan et al., 2024). 
Addressing these issues requires clear 
policies and strict regulations governing data 
protection and ethical technology use in 
education. 

In addition, Table 3 presents a summary 
of systemic and policy-related challenges. 

 
Table 3. Systemic and Policy Challenges in Deep Learning Implementation 

Aspect Description of Challenges Implications 
Policy Lack of specific regulatory frameworks Unstructured implementation 
Collaboration Limited synergy between education and technology sectors Non-contextual innovation 
Research Limited empirical studies at the elementary level Weak scientific foundation 
AI Literacy Low public understanding of AI technologies Resistance to adoption 
Curriculum Lack of systematic integration into curriculum Suboptimal learning 

outcomes 
 

Table 3 indicates that challenges in 
implementing deep learning are also 
systemic in nature and closely related to the 
broader educational ecosystem. The absence 
of clear policies leads to fragmented and 
uncoordinated implementation efforts. 
Limited collaboration between educational 
institutions and technology developers 
hinders the creation of contextually relevant 
solutions. Additionally, the scarcity of 
empirical studies at the elementary level 
weakens the evidence base needed to support 
implementation (Aryanto et al., 2025). Low 
levels of AI literacy among educators and the 
broader community further contribute to 
resistance and misunderstanding regarding 
the use of such technologies. 

Overall, the challenges of implementing 
deep learning in enhancing digital literacy 
among elementary school students reflect the 
need for a holistic and interdisciplinary 
approach. Without adequate infrastructure, 
improved teacher competence, and 
supportive policy frameworks, this 
technology will not yield significant 
educational impact (Zhao et al., 2023). 
Therefore, an integrative strategy involving 
multiple stakeholders is essential to ensure 

that the implementation of deep learning is 
effective, inclusive, and sustainable within 
the context of primary education. 

 
 

b. Prospects and Opportunities for the 
Development of Deep Learning in 
Enhancing Digital Literacy among 
Elementary School Students 
Despite the various challenges 

identified, the implementation of deep 
learning in primary education presents 
highly promising prospects for strengthening 
digital literacy among elementary school 
students (SD/MI). This technology is 
characterized by its ability to process large 
volumes of data, recognize complex patterns, 
and provide adaptive responses to user 
needs. In the educational context, these 
capabilities can be leveraged to develop 
more personalized, interactive, and data-
driven learning systems. 

One of the primary advantages of deep 
learning lies in its capacity to support 
personalized learning. Systems powered by 
deep learning can analyze students’ learning 
patterns, identify their levels of 
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understanding, and automatically adjust 
instructional content based on individual 
needs (Zhai et al., 2024). This approach is 
particularly relevant in primary education, 
where students exhibit diverse learning styles 
and paces. Through personalization, students 
who face learning difficulties can receive 
additional support, while those who progress 
more quickly can be provided with more 
advanced challenges. As a result, this 
approach has the potential to reduce learning 
disparities and enhance overall learning 
effectiveness. 

In addition, deep learning enables the 
real-time analysis of students’ learning 

behaviors. This technology can capture and 
analyze students’ interactions with digital 
learning systems, generating data that can be 
used to provide immediate and accurate 
feedback (Alnasyan et al., 2024). With such 
automated feedback systems, teachers can 
more easily identify students’ learning 
difficulties and implement timely 
interventions. This approach supports the 
implementation of evidence-based learning, 
where instructional decisions are informed 
by objective and measurable data. 

To provide a more systematic overview 
of these prospects, Table 4 is presented 
below. 

 
Table 4. Prospects of Deep Learning Implementation in Strengthening Digital Literacy

Potential/Prospect 
Aspect Description Sumber Pustaka 

Personalized Lear-
ning 

Automatically adapting learning materials to students’ 
abilities through the recognition of individual learning 
patterns 

Aryanto et al. (2025); Zhai 
et al. (2024) 

Learning Behavior 
Analysis 

Monitoring and evaluating students’ learning behaviors 
to provide real-time feedback 

Zhao et al. (2023); Al-
nasyan et al. (2024) 

Interactive Media 
Development 

Encouraging students to become both users and creators 
of digital content through AI-based educational media 

Maharani & Rahmawati 
(2023); Zamista & Azmi 
(2023) 

Enhancing Learning 
Engagement 

Making the learning process more engaging and enjoya-
ble for students through AI-based platforms 

Zamista & Azmi (2023); 
Lubis & Ariansyah (2024) 

Smart Classroom 
Implementation 

Integrating AI-based learning technologies that support 
adaptive learning 

Zhai et al. (2024); Xu 
(2022) 

Education–
Technology Collabo-
ration 

Promoting collaboration between schools and technology 
developers to create contextual learning systems 

Xu (2022); Lubis & Ari-
ansyah (2024) 

Strengthening Digital 
Ethics Literacy 

Promoting ethical values and digital responsibility 
through the design of AI-based systems 

Resti et al. (2024); Wang et 
al. (2024) 

Teacher Support in 
Instructional Design 

Empowering teachers to design technology-enhanced 
learning aligned with curriculum outcomes 

Lubis & Ariansyah (2024); 
Maulana & Lengkong 
(2025) 

Development of an 
Inclusive Digital 
Culture 

Fostering healthy and child-friendly digital learning 
habits from an early age 

Maharani & Rahmawati 
(2023); Khosibah et al. 
(2025) 

 
Table 4 demonstrates that deep learning 

has extensive potential to transform learning 
processes at the primary education level. 
Personalized learning and behavioral 
analysis form the foundation of adaptive 
learning systems. Furthermore, the 
development of AI-based interactive learning 
media enables students not only to consume 
information but also to actively create digital 
content (Maharani & Rahmawati, 2023; 

Zamista & Azmi, 2023). This aligns with 
contemporary digital literacy frameworks, 
which emphasize not only access to 
information but also the ability to critically 
evaluate and produce digital content. 

Moreover, deep learning contributes 
significantly to increasing student motivation 
and engagement in the learning process. AI-
based learning platforms are typically 
designed with interactive and responsive 
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interfaces that attract students’ interest 
(Zamista & Azmi, 2023). Lubis and 
Ariansyah (2024) found that the use of such 
technologies can reduce learning fatigue and 
enhance active student participation. This is 
particularly important in primary education, 

where joyful learning is a fundamental 
principle. 

To further elaborate on the impact of 
deep learning on learning processes, Table 5 
is presented below. 

 
Table 5. Impact of Deep Learning on Digital Literacy Learning Processes 

Impact Aspect Description Implication 
Personalization Learning content tailored to student ability More effective learning 
Real-Time Feedback Immediate system-generated evaluation Faster intervention 
Interactivity More engaging learning media Increased motivation 
Adaptivity Dynamic adjustment of difficulty level Optimized learning experience 
Data-Driven Learning Decisions based on student data More accurate instruction 

 
Table 5 indicates that deep learning 

influences not only learning outcomes but 
also the learning process itself. The ability of 
systems to provide real-time feedback allows 
teachers to implement faster and more 
targeted interventions. Additionally, the high 
level of interactivity in AI-based learning 
media enhances students’ intrinsic 
motivation. This is essential for fostering 
sustained engagement in the learning 
process. Consequently, deep learning acts as 
a catalyst for creating adaptive and 
responsive learning environments. 

Furthermore, the development of smart 
classrooms and virtual learning 
environments represents another significant 
opportunity for the application of deep 
learning. These technologies enable the 

integration of intelligent features such as 
automated assessment, interactive 
simulations, and project-based learning (Zhai 
et al., 2024; Xu, 2022). Such learning 
environments provide richer and more 
contextual learning experiences, thereby 
supporting the comprehensive development 
of digital literacy. In addition, collaboration 
between the education sector and the 
technology industry opens broader 
opportunities for innovation. Xu (2022) 
emphasizes that such synergy is crucial for 
developing solutions that are aligned with 
real-world educational needs. 

To strengthen the strategic and 
sustainability dimension, Table 6 is 
presented below. 

 
Table 6. Strategic Opportunities for the Development of Deep Learning in Primary Education 

Strategic Aspect Description Long-Term Potential 
Smart Classroom Integration of AI technologies in classrooms Adaptive learning 

environments 
Industry Collaboration Partnerships with technology developers Sustainable innovation 
Ethical Digital 
Literacy 

Embedding digital ethics values Responsible digital 
citizenship 

Teacher Support Empowering teachers as facilitators More effective instruction 
Digital Ecosystem Integration of technology into education systems Educational transformation 
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Table 6 illustrates that the prospects of 
deep learning extend beyond technical 
aspects and encompass strategic dimensions 
in developing a digital education ecosystem. 
Collaboration between schools and 
technology industries plays a crucial role in 
fostering sustainable innovation. 
Furthermore, the integration of ethical digital 
literacy highlights that deep learning can 
also serve as a tool for character 
development, enabling students to become 
responsible digital citizens. 

Overall, deep learning holds significant 
potential as a transformative technology in 
primary education, particularly in enhancing 
digital literacy among elementary school 
students. However, the optimization of this 
potential depends largely on how the 
technology is pedagogically integrated and 
supported by a well-established educational 
ecosystem. Therefore, a planned and 
collaborative approach is essential to ensure 
that deep learning delivers meaningful and 
sustainable impacts in the field of education. 

 
c. The Need for Strategic Integration in 

the Implementation of Deep Learning 
for Digital Literacy in Elementary 
Education 
Although deep learning offers 

significant potential for enhancing digital 
literacy among elementary school students 
(SD/MI), its successful implementation 

largely depends on the presence of a strategic 
integration that encompasses technological, 
pedagogical, and policy dimensions. Without 
a systematic and sustainable integration, this 
technology risks becoming a fragmented 
innovation that fails to produce a meaningful 
impact on learning quality (Nangimah & 
Dharin, 2023). Therefore, a holistic approach 
is required to connect the various 
components within the educational 
ecosystem. 

One of the key aspects of strategic 
integration is the alignment between 
technology and pedagogy. The 
implementation of deep learning cannot be 
directly applied without considering the 
cognitive development characteristics of 
elementary school students. Maharani and 
Rahmawati (2023) emphasize that learning at 
the primary level must be designed to be 
contextual, interactive, and engaging. 
Therefore, deep learning technologies need 
to be adapted into instructional media and 
methods that are appropriate for children’s 
learning needs. In addition, the role of 
teachers as facilitators remains central in 
ensuring that technology is used in a 
pedagogically meaningful way (Lubis & 
Ariansyah, 2024). 

To illustrate the relationship between 
technology, pedagogy, and policy, Table 7 is 
presented below. 

 
Table 7. Strategic Integration Framework of Deep Learning in Primary Education 

Aspect Description of Integration Main Role 
Technology Development of adaptive AI-based learning systems Provider of learning solutions 
Pedagogy Alignment of instructional methods with student 

characteristics 
Learning implementation 

Policy Regulation of technology use and data protection Direction and control 
Human Resources Enhancement of teacher competencies Technology management 
Infrastructure Provision of devices and network access Operational support 
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Table 7 demonstrates that strategic 
integration requires the involvement of 
multiple interrelated components. 
Technology provides the tools and systems 
for learning; however, without appropriate 
pedagogical support, such technologies 
cannot be utilized effectively. Similarly, 
policy plays a guiding role in ensuring that 
technological implementation adheres to 
ethical and security standards. Human 
resources, particularly teachers, serve as the 
primary link between technology and 
instructional practice. Meanwhile, 
infrastructure acts as the foundational layer 
that enables the entire system to function. 
Thus, strategic integration should be 
understood as a synergy among various 
elements within the educational system 

rather than as isolated technological 
adoption. 

Furthermore, strategic integration 
requires strengthening teacher capacity 
through continuous professional 
development. Hadiansah et al. (2021) state 
that improving teachers’ digital literacy is a 
fundamental prerequisite for implementing 
educational technologies. Training should 
not only focus on technical skills but also on 
how such technologies can be integrated into 
instructional design. Maulana and Lengkong 
(2025) further argue that teacher competency 
development must be conducted 
systematically through structured and 
ongoing training programs. 

To clarify strategies for enhancing 
teacher capacity, Table 8 is presented below. 

 
Table 8. Strategies for Strengthening Teacher Competence in Deep Learning Implementation 

Strategy Description Impact 
Technical Training Mastery of AI and deep learning concepts Improved competence 
Pedagogical Workshops Integration of technology into teaching practices Contextual learning 
Mentoring Support during classroom implementation Faster adaptation 
Community of Practice Sharing experiences among teachers Increased collaboration 
Continuous Evaluation Monitoring and assessment of technology use Ongoing improvement 

 
Table 8 indicates that strengthening 

teacher competence cannot be achieved 
instantaneously but requires a continuous 
and multifaceted approach. Technical 
training serves as an initial step to enhance 
teachers’ understanding of deep learning 
technologies. However, without pedagogical 
workshops, teachers may struggle to 
effectively integrate these technologies into 
instructional practices. Mentoring and 
communities of practice also play essential 
roles in fostering collaborative cultures 
among educators. Continuous evaluation is 
necessary to ensure that technology 
implementation aligns with intended 
educational outcomes. Therefore, teacher 
capacity building is a critical factor in the 

successful integration of technology in 
education. 

In addition, policy and regulatory 
frameworks constitute essential elements of 
strategic integration. The use of deep 
learning-based technologies in education 
requires clear regulations, particularly 
concerning student data protection and 
ethical use of technology. Zhai et al. (2024) 
emphasize that data security is a crucial issue 
in AI implementation within education. 
Moreover, educational policies must support 
the systematic integration of technology into 
curricula. 

To illustrate the role of policy in 
strategic integration, Table 9 is presented 
below. 
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Table 9. Policy Roles in Supporting Deep Learning Implementation 
No Policy Aspect Description Objective 
1 Data Regulation Protection of student data Information security 
2 Technology Standards Guidelines for AI usage Structured 

implementation 
3 Curriculum 

Integration 
Incorporation of technology into 
learning 

Relevant education 

4 Funding Support Allocation of resources for technology Adequate infrastructure 
5 Collaboration Partnerships with industry Sustainable innovation 

 
Table 9 highlights that policy plays a 

strategic role in ensuring the successful 
implementation of deep learning. Data 
regulation is essential to protect student 
privacy, while technology standards provide 
guidance for ethical and responsible AI 
usage. Integrating technology into the 
curriculum ensures that its use is not 
sporadic but embedded within the 
educational system. Financial support is also 
necessary to provide adequate infrastructure. 
Furthermore, policies that encourage 
collaboration between educational 
institutions and the technology industry can 
accelerate innovation in learning. 

Overall, strategic integration in the 
implementation of deep learning is a critical 
factor in optimizing its potential to enhance 
digital literacy among elementary school 
students. This integration must involve 
synergy among technology, pedagogy, 
human resources, and educational policy. 
Without such an integrated approach, 
technological implementation risks being 
ineffective and unsustainable. Therefore, 
strong commitment from multiple 
stakeholders is required to create an 
adaptive, inclusive, and future-oriented 
educational ecosystem. In this context, deep 
learning can serve as a catalyst for 
transforming primary education into a more 
intelligent, effective, and meaningful 
learning environment. 
 
 

4. Conclusion 
Based on the findings of this literature 

review, it can be concluded that the 
implementation of deep learning in 
enhancing digital literacy among elementary 
school students (SD/MI) represents an 
approach with significant transformative 
potential, yet it is also confronted with 
complex and multidimensional challenges. 
These challenges include limitations in 
technological infrastructure, low levels of 
teacher competence and readiness, 
misalignment between pedagogical 
approaches and the developmental 
characteristics of young learners, as well as 
ethical and data security concerns, including 
the risk of algorithmic bias. In addition, the 
lack of specific regulatory frameworks and 
the limited number of empirical studies at the 
primary education level further emphasize 
the need for a more systematic approach to 
the implementation of this technology. 

On the other hand, deep learning offers 
substantial strategic prospects for improving 
students’ digital literacy. Its ability to 
facilitate personalized learning, provide real-
time feedback, and support the development 
of interactive and adaptive learning media 
positions this technology as a relevant 
innovation in addressing the demands of 
21st-century education. Furthermore, the 
integration of deep learning has the potential 
to foster data-driven learning ecosystems, 
increase student engagement, and strengthen 
digital literacy not only in terms of technical 
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skills but also in ethical awareness and 
responsible use of technology. 

However, the optimization of deep 
learning in primary education is highly 
dependent on the existence of strategic 
integration involving technology, pedagogy, 
human resources, and educational policy. 
This integration requires synergy among 
technology developers, educators, 
policymakers, and the broader community as 
end users. Strengthening teacher capacity 
through continuous professional 
development, providing adequate 
infrastructure, and developing adaptive 
policies focused on data protection are key 
factors in ensuring successful 
implementation. Without an integrated and 
sustainable approach, the application of deep 
learning risks failing to deliver significant 
improvements in educational quality. 

From a conceptual perspective, this 
study contributes to the development of a 
comprehensive framework for understanding 
the dynamics of deep learning 
implementation in the context of digital 
literacy in primary education, encompassing 
the dimensions of challenges, opportunities, 
and strategic integration. From a practical 
standpoint, the findings are expected to serve 
as a reference for educators, technology 
developers, and policymakers in designing 
and implementing intelligent, adaptive, and 
child-friendly learning innovations. 

As a further implication, more in-depth 
empirical studies are needed to examine the 
effectiveness of deep learning 
implementation in real classroom settings, 
particularly within the Indonesian context. 
Future research is also expected to develop 
practical and validated implementation 
models that can serve as guidelines for 
policymaking and the advancement of 
technology-based educational practices in the 
future. 
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