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This study explores the implementation strategies of the Technological Pedagogical
Content Knowledge (TPACK) approach in elementary mathematics education. Using a
qualitative case study design, the research examines how teachers integrate
technological, pedagogical, and content knowledge in mathematics instruction. The study
focuses on a sixth-grade teacher from a public elementary school in City X, selected based
on their competency in educational technology. Data were collected through classroom
observations, in-depth interviews, and analysis of teaching documents. Findings reveal
that the TPACK strategy is implemented through three key aspects: (1) selection of
relevant digital media, (2) development of technology-based interactive learning methods,
and (3) design of activities connecting mathematical concepts to real-life contexts. The
study identifies two critical success factors: teachers' ability to adapt to students' needs
and their technological proficiency. The research concludes that the TPACK approach can
enhance mathematics learning effectiveness in elementary schools when supported by
continuous teacher training and adequate technological infrastructure. These findings
contribute to understanding how technology integration can optimize pedagogical
practices in basic education.
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1. Introduction
Teachers play a crucial role in the implementation of education, as they

are instrumental in achieving desired learning objectives and fostering a
conducive learning environment. With the rapid advancement of information and
communication technology (ICT), significant transformations have occurred in the
field of education, particularly in elementary-level mathematics instruction
(Hanik, E. U., Puspitasari, D., Safitri, E., et al.,, 2022). In today's digital era,
educators are no longer expected to merely possess subject-matter expertise and
pedagogical skills; they must also be proficient in effectively integrating
technology into the teaching and learning process. The ability to utilize digital
tools and innovative strategies has become essential in enhancing student
engagement, facilitating interactive learning, and preparing young learners for a
technology-driven future.

The field of education requires various supporting components to ensure
an effective teaching and learning process, one of which is the implementation of
appropriate learning models that maximize student engagement and learning
outcomes. A well-structured learning model serves as a framework that guides
educators in delivering content effectively while fostering an interactive and
stimulating classroom environment. However, several challenges often hinder
the optimization of mathematics education, particularly at the elementary level.
These include low student participation, inadequate integration of technology in
teaching methods, and teachers' difficulties in merging mathematical concepts
with digital learning tools.

The lack of student engagement in mathematics is frequently attributed
to traditional teaching approaches that rely heavily on rote memorization and
passive learning, making the subject seem abstract and uninteresting.
Additionally, despite the rapid growth of educational technology (EdTech), many
classrooms still struggle to incorporate digital resources effectively, whether due
to limited access, insufficient teacher training, or resistance to change. When

educators fail to adapt to technological advancements, they miss opportunities
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to enhance lessons through interactive simulations, gamified learning platforms,
or data-driven instructional strategies—methods proven to increase motivation
and comprehension in STEM subjects.

To address these barriers, schools must prioritize teacher professional
development in technology-integrated pedagogy, ensuring that educators are
equipped with both mathematical content knowledge and digital teaching
competencies. Furthermore, adopting student-centered learning models, such as
flipped classrooms, project-based learning (PBL), or inquiry-based approaches,
can transform mathematics into an engaging and relatable discipline. By
leveraging technology—such as educational apps, virtual manipulatives, and
collaborative online tools—teachers can create a dynamic learning atmosphere
that caters to diverse learning styles. Overcoming these challenges requires a
systemic effort involving curriculum designers, policymakers, and educators to
redesign learning experiences that align with 21st-century skills. When
mathematics instruction incorporates interactive, technology-enhanced
methods, it not only boosts students' interest but also prepares them for a future
where critical thinking, problem-solving, and digital literacy are essential. Thus,
the evolution of learning models is not just an option but a necessity in cultivating
a generation of confident and competent learners.

The rapid advancement of science and technology has compelled the
government to take proactive measures in adapting to technological progress and
implementing policies that ensure Indonesia's education system evolves in line
with global changes. Recognizing that education is the cornerstone of national
development, policymakers have emphasized the need for digital transformation
in schools, teacher upskilling, and curriculum innovation to prepare students for
the demands of the 21st century. In response to these challenges, the
Technological Pedagogical Content Knowledge (TPCK) framework has emerged as
a critical approach, integrating three essential components: content mastery
(subject expertise), pedagogical strategies (teaching methods), and technology

integration (digital tools).
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The TPCK framework addresses the shortcomings of traditional education
models by encouraging educators to not only possess deep content knowledge
but also the ability to deliver it through effective pedagogical techniques,
enhanced by cutting-edge technology. For instance, a mathematics teacher using
TPCK would not just explain algebraic concepts theoretically but could employ
interactive software, virtual simulations, or gamified learning platforms to make
abstract principles more tangible and engaging. This approach aligns with the
government's vision of fostering digital literacy and critical thinking among
students, ensuring they remain competitive in an increasingly tech-driven world.
Successful implementation of TPCK requires systemic support, including teacher
training programs, infrastructure development, and policy reinforcement. The
Indonesian government has initiated programs such as "Merdeka Belajar"
(Freedom to Learn), which promotes innovative teaching practices and digital
integration in classrooms. Additionally, partnerships with EdTech companies and
international educational institutions can provide access to advanced tools and
methodologies. Despite these efforts, challenges such as unequal internet access
in rural areas, resistance to change among educators, and budget constraints
remain obstacles that require strategic solutions.

By embracing the TPCK framework, Indonesia can bridge the gap between
traditional education and modern technological demands, creating a more
dynamic and inclusive learning environment. This shift not only enhances student
engagement and comprehension but also prepares future generations to thrive
in a digital economy. Therefore, the synergy between government policies,
teacher competency, and technological innovation is crucial in transforming
Indonesia's education system into one that is resilient, adaptive, and forward-
thinking.

TPCK (Technological Pedagogical Content Knowledge) represents far more
than the simple incorporation of technology into classroom instruction. Rather, it
emphasizes the strategic and pedagogically sound use of technology to enhance

content delivery in ways that align with learning objectives and student needs
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(Yurinda, B., & Widyasari, N., 2022). This framework requires educators to
thoughtfully intertwine three core domains: subject-matter expertise, research-
based teaching methodologies, and purposeful technological integration. When
applied to elementary mathematics education, implementing TPCK presents
unique challenges due to the abstract nature of mathematical concepts and the
varying levels of technological proficiency among primary school teachers.

Research indicates that many elementary school teachers struggle to
develop mathematics instruction that effectively incorporates TPCK principles.
These difficulties stem from multiple systemic barriers, including: (1) inadequate
professional development opportunities that fail to equip teachers with digital
pedagogical skills; (2) limited access to technological infrastructure in many
schools, particularly in rural areas; and (3) the absence of contextualized TPCK
implementation models tailored to elementary mathematics education. For
instance, while interactive apps like GeoGebra could theoretically help students
visualize geometric concepts, many teachers lack both the training to use such
tools and the pedagogical knowledge to integrate them meaningfully into lessons.

The gap between TPCK theory and classroom practice is particularly
problematic in mathematics education, where conceptual understanding must be
prioritized alongside procedural fluency. Elementary mathematics involves
foundational topics—such as fractions, place value, and basic operations—that
students often find challenging when taught through traditional, non-interactive
methods. While technology offers solutions through manipulatives, educational
games, and adaptive learning platforms, teachers frequently default to
conventional approaches due to time constraints, curriculum pressures, or
unfamiliarity with digital alternatives.

To address these challenges, comprehensive research is needed to
examine how elementary teachers design and execute TPCK-based strategies in
mathematics classrooms. Key areas of investigation should include:

e Teacher preparedness: How do educators develop the necessary

technological and pedagogical skills to implement TPCK effectively?



100 The Role of Elementary School Teachers' Professional Competencies in Optimizing
Learning Quality
Riandi Marisa, Yulia Santi

e Resource availability: What role does school infrastructure (e.g., devices,
software, internet access) play in successful TPCK integration?

e Curriculum alignment: How can TPCK be adapted to fit existing
mathematics curricula without overwhelming teachers?

¢ Student engagement: What impact does TPCK-driven instruction have on
young learners' motivation and comprehension of mathematical concepts?

Understanding these factors is critical for developing targeted teacher
training programs, contextualized instructional models, and policy
recommendations that support sustainable TPCK adoption. Without such efforts,
the potential of technology-enhanced mathematics education will remain
unrealized, leaving both teachers and students at a disadvantage in an
increasingly digital world. Future studies should also explore best practices from
successful implementations, providing actionable insights that can be scaled
across Indonesia's diverse educational landscape.

Yurinda & Widyasari (2022) emphasize that to achieve satisfactory
learning outcomes, teachers must meet certain standards in technological
mastery, as this competency directly correlates with the quality of education in
Indonesia. However, they argue that a teacher's capability should not be assessed
solely based on technological proficiency; it must also encompass the
development of pedagogical skills and content knowledge in this digital age. This
holistic approach to teacher competency is particularly crucial in elementary
education, where foundational knowledge is established, and teaching methods
significantly impact students' long-term academic success. The current study,
therefore, aims to investigate the implementation of TPACK (Technological
Pedagogical Content Knowledge) in enhancing teaching skills at the elementary
school level, with a specific focus on mathematics instruction.

The research employs a qualitative approach utilizing case study
methodology to conduct an in-depth examination of TPACK strategies
implemented by elementary school teachers in mathematics classrooms. This

methodological choice allows for a comprehensive exploration of real-world
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applications, capturing the nuances of daily teaching practices that quantitative
methods might overlook. By focusing on authentic classroom contexts, the study
seeks to provide concrete illustrations of best practices, identify persistent
challenges, and uncover opportunities for developing TPACK competencies
among elementary school educators. The case study design is particularly
appropriate as it enables researchers to observe the complex interplay between
technology, pedagogy, and content knowledge in actual educational settings,
offering insights that are both practical and actionable.

In the Indonesian educational landscape, where digital transformation is
increasingly prioritized, the implementation of TPACK presents both
opportunities and obstacles. On one hand, technology offers innovative ways to
deliver mathematical concepts through interactive tools, visualizations, and
adaptive learning platforms that can make abstract ideas more tangible for young
learners. On the other hand, many elementary teachers face significant barriers
in effectively integrating these technological tools with sound pedagogical
strategies and deep content knowledge. These challenges often stem from
inadequate training opportunities, limited access to technological infrastructure,
and the inherent complexity of balancing all three TPACK components
simultaneously in lesson planning and delivery.

The study's qualitative approach will involve multiple data collection
methods, including classroom observations, in-depth interviews with teachers,
and analysis of lesson plans and teaching materials. These methods will allow
researchers to examine not only how teachers use technology but, more
importantly, how they integrate it with pedagogical techniques to enhance
content delivery. For instance, the research might explore how a fourth-grade
teacher uses virtual manipulatives to teach fractions, examining both the
technological implementation and the pedagogical reasoning behind its use.
Similarly, the study could investigate how teachers overcome challenges when
technology fails or when dealing with students who have varying levels of digital

literacy.
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By focusing on real classroom implementations, this research aims to
move beyond theoretical discussions of TPACK and provide practical insights that
can inform teacher professional development programs. The findings are
expected to contribute to a better understanding of how TPACK can be effectively
operationalized in elementary mathematics education, potentially leading to the
development of targeted training modules that address specific competency
gaps. Moreover, the study may identify contextual factors that influence TPACK
implementation success, such as school leadership support, availability of
technological resources, and existing teacher beliefs about technology
integration. Ultimately, this research underscores the importance of viewing
teacher competency in the digital age as a multidimensional construct that
requires continuous development across technological, pedagogical, and content
knowledge domains. The case study approach will yield rich, contextualized data
that can help bridge the gap between TPACK theory and classroom practice,
providing valuable guidance for educators, school administrators, and
policymakers alike. As Indonesia continues to modernize its education system to
meet 21st-century demands, studies like this play a crucial role in ensuring that
technological integration enhances rather than distracts from the fundamental
goal of improving student learning outcomes, particularly in critical subjects like

mathematics at the elementary level.

2. Method
This study employs a qualitative approach with a case study design. The

gualitative method was chosen to allow for an in-depth exploration of teachers'
strategies in implementing the TPCK (Technological Pedagogical Content
Knowledge) framework in elementary school mathematics instruction. By
focusing on a case study, the research aims to capture the complexities and
nuances of how teachers integrate technology, pedagogy, and content
knowledge in real classroom settings. The TPCK approach is particularly relevant

in modern education, as it emphasizes the intersection of these three domains to
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enhance teaching effectiveness and student learning outcomes. This study seeks
to provide a comprehensive understanding of the challenges and successes
teachers face when applying TPCK in mathematics education at the primary level.

The research was conducted at SD Negeri 28 Bandar Baru, Pidie Jaya
Regency, with participants consisting of classroom teachers and students directly
involved in mathematics lessons utilizing the TPCK approach. The subjects were
selected purposively based on specific criteria: teachers must be actively teaching
mathematics, have prior experience integrating technology into instruction, and
work in a school that supports technological integration in learning. Data
collection methods included participatory observation of mathematics lessons,
in-depth interviews with teachers and students regarding their strategies and
experiences with TPCK, and documentation analysis, such as lesson plans (RPP),
teaching media, and samples of student work. These diverse data sources ensure
a holistic view of how TPCK is applied in practice and its impact on the learning
process.

Data analysis followed the qualitative framework of Miles and Huberman,
which involves three key stages: data reduction (filtering relevant data aligned
with research objectives), data display (organizing information into descriptive
narratives), and conclusion drawing (identifying patterns, meanings, and TPCK
implementation strategies in mathematics education). To ensure data validity,
the researcher employed triangulation by cross-verifying sources and methods,
conducting member checks with participants to confirm accuracy, and
maintaining an audit trail to document the research process transparently. These
measures enhance the credibility and reliability of the findings, providing valuable
insights into the effective application of TPCK in elementary mathematics

teaching.
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3. Result and Discussion
Result

This research was conducted at SD Negeri 28 Bandar Baru in Pidie Jaya
Regency, with the primary subject being a fifth-grade teacher who had
implemented the TPCK (Technological Pedagogical Content Knowledge) approach
in mathematics instruction. Data was collected through direct classroom
observations, in-depth interviews, and documentation of teaching activities,
including lesson plans and student work samples. The school is located in a rural
area, which presents challenges such as limited technological infrastructure,
including internet access that teachers must provide independently. Despite
these constraints, the teacher made significant efforts to integrate TPCK by
utilizing available resources, such as interactive instructional videos and simple
math simulation applications through Google Classroom. The study aimed to
examine how the teacher adapted TPCK strategies under these conditions,
focusing on the interplay between content knowledge, pedagogy, and technology
in enhancing student learning.

The students exhibited a noticeable increase in engagement and interest,
particularly when interactive media were incorporated into the lessons. The use
of digital tools, such as math quizzes and application-based exercises, not only
captured their attention but also encouraged active participation. Many students
asked more questions and demonstrated a deeper understanding of
mathematical concepts when learning through multimedia presentations and
gamified activities. This shift in enthusiasm suggests that technology-enhanced
learning, when aligned with the TPCK framework, can effectively motivate young
learners and foster a more dynamic classroom environment. However, some
students initially struggled with the transition from traditional methods, requiring
additional guidance to navigate the digital platforms confidently.

The integration of interactive media allowed for differentiated learning
experiences, catering to various student needs and paces. Visual and hands-on

digital activities helped clarify abstract mathematical concepts, making them
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more accessible to students who previously found the subject challenging.
Teachers observed that students were more willing to collaborate during group
tasks involving technology, indicating improved peer learning. Despite these
positive outcomes, occasional technical difficulties, such as slow internet or
device limitations, temporarily disrupted the flow of lessons. Overall, the
students' responses highlight the potential of TPCK-driven instruction in
enhancing both engagement and comprehension, though sustainable
implementation requires addressing infrastructural barriers to ensure equitable
access for all learners.

The study identified several significant challenges in implementing the
TPCK framework in mathematics education at SD Negeri 28 Bandar Baru. One
major obstacle was the unequal access to digital devices among students, as not
all households could afford laptops or tablets, creating disparities in learning
opportunities. Additionally, teachers faced time constraints in fully integrating
technology across all teaching sessions, as preparing tech-based materials
required extra effort beyond traditional lesson planning. Despite these
difficulties, educators demonstrated adaptability by using available tools, such as
recording whiteboard explanations for later sharing or leveraging free
applications like Google Classroom and YouTube. However, the lack of reliable
internet access in this rural area further complicated efforts, forcing teachers to
rely on personal mobile data or offline resources. These barriers highlight the
need for institutional support, such as providing devices for underprivileged
students and improving digital infrastructure to facilitate equitable and
sustainable technology integration in education.

Teachers’ technological proficiency played a crucial role in overcoming
these challenges. The research revealed that both certified and non-certified
teachers were generally capable of operating computers and laptops for
mathematics instruction. Many utilized platforms like Zoom, Google Meet, and
WhatsApp to deliver lessons, though preferences varied by grade level—lower

grades often relied on simpler tools like WhatsApp groups, while upper grades
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used interactive platforms like Quizizz. Educators also creatively combined
traditional and digital methods, such as filming whiteboard demonstrations or
curating YouTube videos to explain concepts. While most teachers acknowledged
the internet’s vital role in supplementing textbooks with additional examples and
materials, some expressed difficulties in aligning technology with specific
pedagogical goals. This underscores the importance of continuous professional
development to enhance teachers’ TPCK competencies, ensuring they can
effectively merge content, pedagogy, and technology to meet diverse student
needs.

The findings emphasized the interdependent relationship between
technology and pedagogical strategies in enhancing student outcomes. Teachers
reported that technology not only made abstract mathematical concepts more
tangible through visual aids and interactive quizzes but also fostered greater
student engagement. However, successful integration required careful planning,
including tailoring strategies to students’ personalities and learning paces. For
instance, educators differentiated instruction by providing extra support to
students with special needs or those struggling with the material. Evaluations
conducted through digital quizzes or discussions helped assess understanding and
refine future lessons. The study concluded that while TPCK implementation posed
logistical and technical challenges, its potential to transform mathematics
education was evident. Recommendations included school-wide investments in
digital tools, targeted teacher training, and the development of localized, low-
tech solutions to ensure all students benefit from technology-enhanced learning,
regardless of their socioeconomic background.

Discussion
The Potential and Theoretical Foundation of TPACK

The implementation of the TPACK (Technological Pedagogical Content
Knowledge) strategy in elementary mathematics learning has demonstrated
significant potential to enhance instructional quality. The harmonious integration

of three core components—mathematical content, appropriate pedagogy, and
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technology utilization—enables teachers to present complex concepts in more
engaging, interactive, and comprehensible ways. As emphasized by Mishra and
Koehler, the strength of the TPACK approach lies in teachers' ability to create
dynamic synergy among these elements, rather than treating technology as a
mere supplementary tool. The development of TPACK-based teaching materials
plays a crucial role in facilitating effective instruction, where digital learning
media serve as tangible manifestations of technological integration within this
framework.
Practical Implementation and Empirical Evidence

In practice, teachers leverage various technological media to improve
learning outcomes, such as illustrative images, explanatory videos, interactive
animations, and PowerPoint presentations projected via LCD screens. During the
COVID-19 pandemic, technological adaptation intensified, with platforms like
WhatsApp being utilized for online learning, as observed by Subhan (2020). The
effectiveness of this strategy stems from its contextual approach, where teachers
critically align technology with both subject matter characteristics and student
profiles, rather than using it instrumentally. Octaviana & Setiawan (2019) assert
that successful TPACK implementation occurs when technology is deeply
embedded in instructional design, not merely added as an accessory. Concrete
examples include teachers transforming abstract mathematical concepts into
tangible visualizations through digital simulations, significantly enhancing student
comprehension.
Challenges and Sustainable Solutions

Despite its promise, implementing the TPACK strategy faces
multidimensional challenges. Key determinants of success include teachers'
technological readiness, availability of adequate supporting facilities, and
systemic support from school environments. In many cases, particularly in regions
with limited infrastructure, unequal access to technological devices poses a
significant barrier. Therefore, systematic efforts—such as ongoing teacher

training, technical support provisions, and the development of TPACK practitioner
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communities—are urgently needed. Schools should adopt collaborative
mentoring models pairing experienced and novice teachers while providing
incentives for TPACK-based instructional innovation. Through these measures,
the transformative potential of the TPACK approach can be realized more

equitably and sustainably across diverse educational contexts.

4, Conclusion
Based on the research findings, it can be concluded that the TPACK

approach has proven to be an effective strategy in elementary mathematics
education, particularly in bridging content knowledge (CK), pedagogical
approaches (PK), and technology integration (TK), as evidenced by teachers'
ability to design more interactive and contextual mathematics lessons through
relevant digital media, which has positively impacted students' motivation,
participation, and conceptual understanding; however, implementation
challenges remain, including technological infrastructure limitations, unequal
student access to digital devices, and the need for enhanced teacher
competencies in educational technology, while additional research also
demonstrates that teachers possess solid understanding of blended learning and
TPACK knowledge, enabling them to develop TPACK-based blended learning
lesson plans for elementary science education, with these professional
development activities significantly benefiting science teachers in planning
TPACK-based blended science instruction and ultimately contributing to the
enhancement of teacher professionalism across technological, pedagogical, and
content domains.Saran

Based on the field research findings, the researchers propose the
following recommendations: First, elementary school teachers should
continuously enhance their educational technology competencies through
professional training and learning communities to ensure optimal and sustainable
TPACK integration in classroom practice. Second, schools need to provide

adequate technological infrastructure and implement policies that encourage
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teachers to innovate through TPACK-based instructional approaches. Third,
government and education authorities should organize intensive, structured
training programs for TPACK implementation at the elementary level while
developing child-friendly and easily accessible learning platforms. Finally, for
future research, scholars are advised to conduct follow-up studies using
guantitative or experimental approaches to more objectively measure the impact
of TPACK implementation on student learning outcomes, which could provide
stronger empirical evidence of its effectiveness across different educational

contexts.
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