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Abstract 

The quality of early childhood education at Mardhatilah Kindergarten remains low due to limited use of 
interactive technology and insufficient teacher understanding of innovative digital media. This community service 
project aims to enhance teachers’ instructional quality by integrating deep learning technology and digital 
literacy to create more adaptive and engaging learning environments. The study employed a Participatory Action 
Research (PAR) approach, consisting of diagnosis, participatory planning, action, observation, and reflection. 
Teachers actively participated in designing AI-based learning media, including visual–auditory object recognition 
supported by deep learning. The findings indicate a significant improvement in teachers’ digital competencies, 
particularly in operating AI-assisted learning tools. This advancement contributed to increased student 
engagement and improved comprehension through interactive AI-generated visualizations. Furthermore, the 
integration of deep learning with digital literacy enabled teachers to transform conventional teaching methods 
into more effective and relevant practices aligned with contemporary educational demands. In conclusion, the 
integration of deep learning and digital literacy through PAR effectively empowers early childhood educators to 
develop innovative, adaptive, and high-quality learning environments. The synergy between artificial intelligence 
and creative pedagogy is essential for sustainably improving early childhood education standards. 

Keywords:  Early Childhood Education; Implementation; Deep Learning; Digital Literacy 

 
A. Introduction 

Early Childhood Education (ECE) is currently at a critical point of digital transformation, 
demanding a redefinition of conventional teaching methods. As a “golden age” phase, the stimulation 
provided during this period forms the foundation for children's future cognitive abilities and 
adaptability. However, field realities reveal a significant disparity between advancements in Artificial 
Intelligence (AI) technology and pedagogical practices in classrooms. The primary issue identified in 
this community service project is the stagnation of instructional innovation among teachers at 
Mardhatilah Kindergarten, largely attributable to low teacher self-efficacy in engaging with complex 
technologies such as Deep Learning (DL) and a limited understanding of digital literacy. Educators 
often remain confined to using digital devices merely as substitutes for printed media, without 
exploring the potential of DL to create adaptive and personalized learning experiences. This condition 
is further exacerbated by psychological barriers or technophobia among educators (Mertala, 2019). 
In fact, digital literacy for ECE teachers has become an essential competency in facing the Society 5.0 
era (Faresta, 2023; Humaira & Aprison, 2023). 
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Globally, recent literature indicates that DL-based systems, such as visual pattern recognition 
and natural language processing, can assist in identifying children’s learning difficulties earlier than 
manual observation (Zhai et al., 2021). However, the originality of this community service initiative 
lies in its approach, which goes beyond technical, tool-oriented aspects and emphasizes 
interdisciplinary synergy among computational technology, developmental psychology, and critical 
digital literacy. The relevance of this initiative is particularly strong in the context of national efforts 
to improve digital literacy indices, where ECE teachers serve as the frontline in shaping the digital 
ethics and competencies of Generation Alpha. The urgency of this program addresses the challenge of 
unequal access to quality education. DL-based learning is often perceived as a technical luxury 
available only in elite schools. By implementing this initiative at the community service level, it seeks 
to democratize intelligent technology, making it accessible to educators across diverse social contexts. 
In line with the updated Connectivism Theory, learning in the digital era is viewed as the process of 
forming dynamic information networks, where the ability to distinguish valid from inaccurate or 
biased information becomes a core competency (Downes, 2022). Therefore, digital literacy in this 
program is broadly defined as the ability to navigate, evaluate, and create content responsibly within 
an algorithm-driven digital ecosystem. 

The conceptual framework of this initiative is grounded in the Technological Pedagogical 
Content Knowledge (TPACK) model, expanded into AI-TPACK (Celestini et al., 2023). This model 
emphasizes that AI integration must align with pedagogical knowledge to remain child-centered. Bers 
et al., (2019) argues that technology in ECE should function as a digital “playground” that stimulates 
creativity, rather than a “playpen” that restricts exploration. Through DL, teachers can develop virtual 
assistants that support language acquisition and STEM learning in more engaging ways ((Dizon, 2021; 
Mu & He, 2024; Kalogiannakis et al., 2018). This interdisciplinary approach integrates computer 
science, pedagogy, and sociology to ensure program sustainability (Tuomi, 2018). 

Incorporating contemporary conceptual frameworks, this initiative adopts the AI-TPACK 
model, emphasizing that teachers must not only understand how to operate DL technologies but also 
comprehend how such algorithms influence young children’s cognitive processes (Celestini et al., 
2023). This integration ensures that the use of DL in education remains grounded in appropriate 
pedagogical principles. Recent studies by Ng et al. (2023) reinforce the importance of AI literacy for 
teachers to mitigate ethical risks and maximize student engagement. Without a strong theoretical 
foundation, DL risks becoming a “black box” that distances teachers from their professional roles as 
emotional facilitators. 

A review of prior studies indicates that children’s interaction with DL-based media can 
enhance intrinsic motivation and problem-solving skills (Chiu, 2021). However, most of these studies 
remain limited to laboratory settings. This initiative addresses this gap by bringing DL technology 
directly into everyday classroom practice through intensive mentoring. The multidisciplinary 
approach includes technical aspects (implementation of object recognition algorithms for 
instructional media), pedagogical aspects (designing digital lesson plans), and ethical considerations 
(children’s data privacy in technology use). This aligns with global frameworks on teacher digital 
competencies, which emphasize mastery of intelligent technologies as part of continuous professional 
development (Caena & Redecker, 2019; UNESCO, 2022). 

This community service program aims to improve the quality of kindergarten teachers’ 
instruction in integrating deep learning technology and digital literacy to create more adaptive and 
engaging learning environments for children. The expected social impact is the development of 
educators who are not only technically proficient but also ethically responsible in guiding children 
within digital ecosystems (Hinojo-Lucena et al., 2019). With a strong theoretical and empirical 
foundation, this initiative is expected to contribute significantly to the development of intelligent, 
inclusive, and future-oriented early childhood education models (Luan et al., 2020; Vartiainen et al., 
2020). Following the implementation of this training, teachers are expected to become more 
technologically literate. This program is essential as part of digital transformation efforts at the early 
childhood education level to reduce technological disparities across regions. 
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B. Method 
The implementation of this community service program employed a Participatory Action 

Research (PAR) design, emphasizing active collaboration between the service team and 17 
kindergarten teachers in Pangean District. In the initial stage, interviews and technology needs 
assessment questionnaires were conducted. The findings revealed that teachers predominantly relied 
on traditional educational play tools and expressed concerns about the negative impacts of gadget use, 
indicating low levels of digital literacy. Additionally, they had limited awareness of the potential of 
deep learning applications, such as object and sound detection, to stimulate children’s cognitive 
development. The second stage involved program planning, where the team and teachers 
collaboratively developed a module titled “Smart Digital ECE”, incorporating the use of Google Lens to 
introduce flora and fauna to children. The third stage consisted of training and mentoring, including 
workshops on digital literacy concepts and the introduction of deep learning-based teaching tools. The 
team provided direct classroom assistance, supporting teachers as they practiced using these 
technologies to ensure not only theoretical understanding but also practical competence in front of 
students. The final stage was reflection and evaluation. A pre-test was administered prior to training 
to assess teachers’ initial understanding of digital literacy and AI technology, followed by a post-test 
after the mentoring phase to measure competency improvement. Data were analyzed descriptively to 
capture changes in teachers’ attitudes, knowledge, and skills. The evaluation also included 
collaborative reflection on challenges and classroom implementation to ensure the sustainability of 
the program, enabling Mardhatilah Kindergarten to independently continue its development. 
 
C. Result and Discussion 
 
1. Result 

The results of this community service provide a comprehensive overview of the effectiveness 
of technology-based interventions in the field. The data presented include quantitative data in the 
form of teachers’ digital literacy competency scores, as well as qualitative data derived from 
observations of students’ interactions with deep learning systems. The analysis was conducted by 
comparing the initial conditions (baseline) prior to the intervention with the outcomes achieved after 
the completion of the mentoring cycle. The findings are organized by outlining the partners’ readiness 
profile, followed by the technical implementation process of the tools, and concluding with an 
evaluation of the behavioral changes observed in the participants. 

 
1) Enhancement of Teachers’ Digital Literacy Capacity and Self-Efficacy 

The initial assessment results indicated that the majority of teachers (approximately 70%) 
were at a “basic” level of digital literacy, where technology use was limited to administrative tasks and 
one-way communication. Following intensive training based on the TPACK framework, there was an 
average increase of 45% in digital literacy scores. Teachers are now capable of operating applications 
based on Convolutional Neural Networks (CNN), which are utilized as instructional tools for real-time 
object recognition. This improvement was not only evident in technical skills but also in teachers’ self-
efficacy in managing technology-integrated classrooms. Based on the final questionnaire, it was found 
that teachers felt more confident in integrating artificial intelligence into their Weekly Lesson Plans 
(RPPM), which had previously been perceived as a significant cognitive barrier. 

 
2) Implementation of Deep Learning Systems in the Learning Process 

The implementation of deep learning in the field was realized through the use of a prototype 
application capable of performing interactive image and sound recognition. During learning sessions, 
children were engaged in interacting with a camera integrated with an object detection algorithm. 



 Bale Pengabdian: Journal Of Community Service (BPJCS) E-ISSN: 3123-4488 

Vol. 2, No. 1 June 2026  

 

(148) E-ISSN: 3123-4488                                         Bale Pengabdian: Journal Of Community Service (BPJCS) 

When a child presented an object or a picture card, the system automatically identified the object, 
pronounced its name, produced relevant sounds, and displayed educational animations. Observational 
data indicate that this intervention increased children’s attention span from an average of 5–7 minutes 
in conventional methods to 15–20 minutes per session. The deep learning system functioned as a 
teaching assistant by providing instant feedback, thereby creating a responsive learning environment 
and fostering curiosity-driven learning among young children. 

 
3) Response and Adaptability of Early Childhood Learners to Intelligent Media 

Qualitative data collected through field notes indicate significant changes in classroom 
dynamics. Children demonstrated high levels of engagement when interacting with technologies 
capable of “responding” intelligently to their actions. Unlike passive video media, deep learning 
technology enables children to directly explore cause-and-effect relationships. For example, when the 
deep learning algorithm detects a child’s emotional expression, the system adapts by presenting 
appropriate music or storytelling content. These findings suggest that technological interventions do 
not distance children from social interaction; rather, they serve as stimuli that encourage children to 
engage in discussions with peers and teachers about what they observe on digital screens 

 
4) Sustainability and Curriculum Integration 

The final results of the action phase indicate that the partner school has successfully integrated 
a “Smart Digital Corner” as a permanent component of the learning environment. This implementation 
no longer relies solely on external facilitators but is now independently managed by trained teachers. 
Documentation reveals the development of a micro-curriculum that combines physical activities with 
the support of deep learning-based digital assistants. This achievement signifies a shift from short-
term, assistance-based community service toward sustainable, asset-based capacity development 
within the school. 
 
D. Discussion 

The interpretation of these service findings confirms that the integration of Deep Learning (DL) 
in early childhood education is not just an upgrade of visual aids, but a profound pedagogical 
reorientation. The teachers of Mardhatilah Kindergarten gave a very positive response so that they 
showed high enthusiasm even though at the beginning they felt intimidated by the term deep learning, 
teachers learned gradually from simple functions until they were able to integrate it in RPM/RPPH. In 
the perspective of the theory of Connectivism developed by Downes (2022), the learning process in 
the digital era occurs through the ability to establish relationships between information nodes. The 
implementation of DL in the field acts as an intelligent node that facilitates such relationships instantly, 
transforming linear learning patterns into exploratory patterns that are more in line with the 
characteristics of Generation Alpha children. 

An analysis of increasing teachers' digital literacy reveals that the main obstacle so far is not 
just technical limitations, but psychological distance to AI. Using the AI-TPACK framework (Celestini 
et al., 2023), this initiative successfully bridges this distance through hands-on experience. This is in 
line with the global theoretical debate on the role of teachers in the future; where technology does not 
replace the position of teachers, but instead strengthens their role as curators of learning experiences. 
Our findings support the study of Ng et al. (2023) who state that AI literacy is an essential prerequisite 
for educator professionalism to mitigate the ethical risks and algorithmic bias that may arise in 
children's digital content. The main challenge in this service activity is the limited internet network at 
several points where the kindergarten teacher's house is located. However, teachers remained 
enthusiastic about participating in this community service programme, as they recognise their role as 
the primary content curators for children. 

Placing these results in the international discourse, this initiative responds to UNESCO's 
(2022) call on the need for an inclusive AI curriculum from an early age. The success of partner schools 
in integrating the "Smart Digital Corner" shows that infrastructure limitations in developing countries 
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can be overcome through the use of appropriate and efficient DL-based software. This discussion 
extends beyond local achievements to offer a replicable model for education practitioners at the global 
level, demonstrating how digital literacy ethics can be synergised with the computational capabilities 
of AI. The team realized that this short training was not enough, so in the future it is necessary to form 
a "digital practitioner community" between teachers in Pangean District to share AI-based modules 
with each other. The main improvement suggestions are the provision of offline-based digital assets 
to overcome signal constraints, as well as parental involvement in digital literacy sessions so that there 
is a synchronization of digital parenting between school and home. Thus, this study emphasizes that 
the quality of future learning is highly dependent on our ability to utilize technology as teachers for 
human values and the development of children's character from an early age. 
 
D. Conclusion 

The implementation of deep learning and strengthening digital literacy in early childhood 
education carried out through this program demonstrates that technology-enhanced learning is not 
antithetical to affective pedagogy, but rather functions as a catalyst that enriches human interaction in 
the classroom. Critically, the results of this service confirm that the success of digital transformation at 
the PAUD level is not determined solely by algorithmic sophistication, but by the extent to which 
educators are able to contextualise technology to the unique developmental needs of children. Through 
the Participatory Action Research (PAR) approach, there is a paradigm shift at the partner level: from a 
view that considers artificial intelligence as a threat or just an entertainment medium, to an 
understanding of AI as a strategic partner in personalising learning experiences. The depth of this 
analysis shows that when teachers are equipped with robust digital literacy and the right AI-TPACK 
framework, they are able to create an adaptive, responsive, and inclusive learning ecosystem. 

The main contribution of this initiative includes three important dimensions. Theoretically, this 
activity provides new insights into the application of "Digital Responsive Pedagogy" that expands the 
boundaries of the theory of Connectivism and Vygotsky's ZPD into the scope of intelligent computing. 
Empirically, the program provides strong evidence that deep learning-based digital assistants are able 
to significantly increase early childhood attention and active engagement compared to passive methods. 
Practically, this service results in a sustainable mentoring model that can be replicated by other 
educational institutions to bridge the digital divide in areas with limited resources. This innovation has 
real implications for the development of curriculum policies that are more adaptive to future 
technological developments. 

Furthermore, the social relevance of this service touches on the aspect of technological 
democratization. By bringing deep learning technology to the early childhood education level, we have 
taken preventive steps in preparing a Generation Alpha that is not only capable of using devices, but also 
has critical reasoning about how the digital systems around them work. The limitations found, such as 
the need for regular software maintenance and increased internet infrastructure capacity, are important 
notes for future research or community service. Finally, this study concludes that the synergy between 
artificial intelligence and human intelligence in education represents the most promising pathway 
toward achieving a holistic quality of learning. The sustainability of these initiatives is highly dependent 
on ongoing cross-sectoral collaboration to ensure that technological innovation remains grounded in 
fundamental human values. 
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