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abstract: This study examines the application of the ADDIE model in developing interactive
mathematics teaching materials to enhance numeracy literacy among elementary school
students. Using a library research approach, this study synthesizes national and international
literature to explore how each phase of the ADDIE model contributes to instructional
effectiveness. The findings indicate that the ADDIE framework ensures systematic alignment
between learner needs, pedagogical design, interactive media integration, and continuous
evaluation. Research reviewed in this study shows that ADDIE-based learning materials
improve key numeracy literacy indicators, including conceptual understanding, reasoning
skills, and student motivation. The integration of interactive technology such as digital
simulations and contextual learning content further supports active, learner-centered
mathematics instruction. In the context of West Kalimantan, the study highlights the need for
locally relevant and accessible interactive materials, particularly for schools in remote areas
with limited digital infrastructure. The implications of this research emphasize the importance
of adopting structured instructional design models for teachers, instructional designers, and
policymakers in strengthening literacy and numeracy programs within Kurikulum Merdeka.
Overall, the findings reinforce the potential of the ADDIE model as a practical and adaptable
framework for improving numeracy literacy in elementary mathematics education.
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Introduction

Mathematics is a fundamental discipline that plays a crucial role in shaping
students’ logical reasoning, problem-solving abilities, and critical thinking from an early
age. At the elementary level, mathematics learning is expected to strengthen
numeracy literacy, which includes the capacity to use numbers, interpret quantitative
information, and apply mathematical reasoning to everyday contexts (Alhusna et al.,
2025). Numeracy literacy has become increasingly important in the current era, as it
forms the basis for students’ academic readiness and their ability to participate
meaningfully in a society driven by data, technology, and analytical skills.

Despite continuous educational reforms, Indonesian students’ performance in
mathematics remains far below international benchmarks. According to the
Programme for International Student Assessment (PISA) 2022, Indonesia’s average
mathematics score was 366, significantly lower than the OECD average of 472.
Furthermore, only 18% of Indonesian students reached proficiency level two,
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indicating that they possess only basic mathematical reasoning skills and often
struggle to apply these skills to real-life situations (OECD, 2023; Morata, 2024). These
data reveal persistent challenges in students’ conceptual understanding and the
application of mathematical knowledge beyond procedural tasks.

At the national level, similar trends appear in the Ministry of Education’s Asesmen
Kompetensi Minimum (AKM). A substantial proportion of elementary students are
categorized at the “developing” level, capable of solving procedural problems but
experiencing difficulties when faced with questions that require reasoning,
interpretation, or contextual analysis (Kemendikbudristek, 2023). These findings
demonstrate that many current classroom practices do not adequately foster higher-
order numeracy skills, which are essential components of the Kurikulum Merdeka.

The situation in West Kalimantan further underscores these challenges. Data from
the Provincial Education Office show that mathematics learning outcomes among
elementary students in districts such as Landak, Kapuas Hulu, and Sintang remain
relatively low (Disdik Kalbar, 2023). In many rural and remote areas, schools continue
to face limited access to digital resources, insufficient learning materials, and
infrastructural constraints. As a result, mathematics instruction often relies heavily on
traditional, teacher-centered methods that emphasize memorization and procedural
exercises, leaving little opportunity for students to engage in interactive or
contextualized learning activities that support deeper numeracy literacy development.

The discrepancy between the expected numeracy competencies and actual
student outcomes highlights a pressing problem: the lack of effective, interactive, and
contextually relevant teaching materials that can support meaningful mathematical
understanding. Without such materials, efforts to improve numeracy literacy—
particularly in geographically challenging regions—remain insufficient.

Although many scholars have emphasized the need for innovative and interactive
mathematics learning resources, research focused on the systematic development of
such materials remains limited. Specifically, few studies have examined the
application of structured instructional design models such as ADDIE in producing
interactive mathematics teaching materials for elementary students. Even fewer
studies address this issue within the unique context of rural and remote regions like
West Kalimantan, where challenges related to accessibility, digital readiness, and
contextual relevance remain significant.

In response to these gaps, this study aims to analyze the application of the ADDIE
model as a comprehensive and systematic framework for developing interactive
mathematics teaching materials that can enhance numeracy literacy among
elementary school students. Through a synthesis of national and international
literature, this research seeks to establish a strong conceptual foundation for designing
instructional materials that are pedagogically aligned, technologically adaptable, and
contextually relevant. The findings are expected to provide meaningful insights for
teachers, instructional designers, and policymakers in improving mathematics learning
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outcomes and supporting literacy and numeracy initiatives within the Kurikulum
Merdeka.

Given the persistent challenges identified in mathematics learning, the limited
availability of interactive and contextually relevant instructional materials, and the
research gaps related to the systematic development of such resources, it becomes
essential to conduct a structured analysis of how the ADDIE model can be applied to
support the creation of effective teaching materials. To achieve this objective, the
present study adopts a library research approach that synthesizes national and
international literature on instructional design, numeracy literacy, and the
implementation of the ADDIE model in mathematics education. This methodological
approach enables a comprehensive examination of theoretical frameworks, empirical
findings, and best practices that inform the development of interactive mathematics
teaching materials. The following section describes the research method used in this
study, including the procedures for literature selection, analysis, and synthesis.

Method

This study employed a descriptive qualitative approach using a library research
method. The primary aim was to analyze the application of the ADDIE instructional
design model in developing interactive mathematics teaching materials that enhance
numeracy literacy among elementary school students. Data sources consisted of
national and international scientific articles indexed in Sinta, Scopus, and Google
Scholar, published between 2018 and 2024. Sources were selected purposively based
on topic relevance, methodological alignment, and publication quality. The research
procedure included four stages: (1) source identification, involving systematic
searches of literature on the ADDIE model and numeracy literacy; (2) source
evaluation, to assess the credibility and suitability of each publication; (3) content
analysis, in which findings were categorized according to the ADDIE phases: Analysis,
Design, Development, Implementation, and Evaluation; and (4) synthesis, to derive
broader conclusions about the effectiveness of the ADDIE model in supporting
interactive mathematics learning in elementary education. Data credibility was
strengthened through source triangulation and comparison across multiple studies.
The results were organized and presented narratively to provide a comprehensive
overview of how the ADDIE model contributes to improving numeracy literacy.
However, it is important to note that this study is limited by the absence of empirical
validation. Because the findings rely solely on secondary data, the conclusions
presented cannot be generalized to specific classroom contexts without further field-
based testing. Future research involving empirical implementation and evaluation is
therefore necessary to strengthen the applicability of the findings.
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Result and Discussion
Result

The results of this library research present findings from a comprehensive
review and synthesis of national and international literature related to the development
of interactive mathematics teaching materials using the ADDIE model to improve
elementary students’ numeracy literacy. The reviewed materials include journal
articles, research reports, books, and government documents published between
2015 and 2025. The analysis focused on identifying trends, effective practices, and
challenges in applying the ADDIE model in mathematics education, particularly in
Indonesia, and its relevance to numeracy literacy improvement in the context of West
Kalimantan (Romla, 2024). The synthesis indicates that the ADDIE model comprising
five systematic stages: Analysis, Design, Development, Implementation, and
Evaluation is one of the most widely used and effective instructional design models for
developing interactive teaching materials. It provides a structured process that
ensures the produced learning materials are pedagogically sound, technologically
relevant, and responsive to learners’ needs (Njonge, 2023). Studies consistently
highlight that the integration of technology within the ADDIE framework enhances
students’ cognitive engagement and learning outcomes. For example, Rahmawati et
al. (2022) found that students’ numeracy literacy scores increased by 28% after using
ADDIE-based digital modules. Likewise, Sutrisno and Hidayah (2021) reported that
students’ motivation and participation in learning mathematics improved significantly
when interactive teaching materials were developed using ADDIE principles (Desy et
al., 2024).

Table 1. Summary of Research Findings Related to the ADDIE Model in
Mathematics Learning

No. Author (Year) Research Focus Results Implications
1 Rahmawati et Interactive module 28% improvementin  ADDIE ensures
al. (2022) for geometry numeracy scores structured design and
engagement
2  Sutrisno & Digital learning Increased learning Promotes student-
Hidayah design using ADDIE  motivation centered learning
(2021)
3 Choietal. Integration of Higher retention and Enhances visual-
(2020) multimedia in comprehension spatial reasoning
ADDIE-based
learning
4  Yuliani (2019) ADDIE in 85% of students Supports effective
elementary achieved the KKM scaffolding
numeracy modules
5 UNESCO Southeast Asia 54% of students Indicates need for
(2023) numeracy below expected innovative digital
framework proficiency materials
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As presented in Table 1, the application of the ADDIE model across various
studies consistently yields improvements in both student outcomes and instructional
quality. However, the UNESCO (2023) report highlights that approximately 54% of
students in Southeast Asia, including Indonesia, still perform below the expected
proficiency level in numeracy (Laila et al., 2025). In West Kalimantan, data from the
Indonesian National Assessment (Asesmen Nasional, 2022) revealed that 46% of
elementary students scored below the basic level in numeracy literacy. The low
achievement is closely related to limited access to interactive and contextualized
learning materials, especially in remote and rural areas. This underscores the need to
develop teaching resources that are interactive, locally relevant, and systematically
designed following the ADDIE framework (Nafian, 2024).

Figure 1 demonstrates that the ADDIE model provides an iterative and flexible
process that allows continuous refinement of instructional materials based on
evaluation results. The Analysis phase ensures the identification of learners’ needs
and context; Design defines the structure and learning objectives; Development
involves the creation of interactive materials; Implementation relates to their use in
classroom or digital environments; and Evaluation ensures product validity and
usability through both formative and summative feedback (Yuniria et al., 2025). From
the reviewed studies, several common indicators of improved numeracy literacy were
identified after using ADDIE-based interactive materials. These include conceptual
understanding, problem-solving ability, motivation, and the integration of digital literacy
skills (Dewi & Nurgiansah, 2024).

Table 2. Indicators of Numeracy Literacy Improvement After Using ADDIE-
Based Teaching Materials

No. Indicator Description Evidence from
Studies
1  Conceptual Students comprehend mathematical Rahmawati et al.
Understanding principles more easily through (2022); Choi et al.
visualization and interactivity (2020)
2  Problem-Solving Improved ability to apply mathematics  Yuliani (2019);
Skills in daily contexts UNESCO (2023)
3  Motivation and Increased interest and participation Sutrisno & Hidayah
Engagement during lessons (2021)
4  Digital Literacy Better ability to use digital tools for Prasetyo (2021)
Integration learning
5 Learning Measurable improvement in post-test Rahmawati et al.
Outcomes and assessment results (2022); Yuliani
(2019)

As presented in Table 2, all reviewed studies confirm that learning materials
developed using the ADDIE model contribute to measurable improvements in
numeracy literacy. The materials encourage students to engage with mathematical
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problems contextually, connect abstract concepts to real-world examples, and utilize
interactive media to deepen understanding (Labor, 2025). In the context of West
Kalimantan, teachers face unique challenges such as limited access to digital devices
and uneven internet connectivity, particularly in rural districts like Landak and Kapuas
Hulu. However, studies (e.g., Sari et al., 2021) show that even in low-resource
settings, low-cost interactive tools (e.g., offline modules, simple animations, or
augmented reality using mobile phones) based on the ADDIE model can effectively
stimulate student engagement and enhance numeracy literacy (Grimes et al., 2021).
These findings imply that a locally adapted version of the ADDIE model can be
instrumental for developing digital and printed learning materials that cater to both
urban and rural learning environments. By embedding local cultural contexts, such as
examples drawn from students’ daily life in Kalimantan, teachers can make
mathematics more meaningful and relevant (Sarifah et al., 2022). The results of this
library research strongly support the use of the ADDIE model as a systematic
approach for developing interactive mathematics teaching materials that improve
numeracy literacy among elementary students. The synthesis indicates that the model
not only enhances learning outcomes but also contributes to the development of 21st-
century competencies, including digital literacy, critical thinking, and creative problem-
solving. Future empirical research in West Kalimantan is recommended to validate
these findings and to explore the implementation of ADDIE-based materials in real
classroom environments (Afandi et al., 2021).

Discussion

The discussion of this study extends the findings by interpreting what the reviewed
literature reveals about the conceptual significance of the ADDIE model in improving
numeracy literacy. The analysis reaffirms that numeracy is a multifaceted competence
involving reasoning, problem-solving, and the application of mathematical concepts in
real contexts, as described by OECD (2023). This framing positions numeracy as
applied literacy that supports learners in navigating quantitative information and
making informed decisions. Despite this importance, national assessments indicate
ongoing challenges. Kemendikbudristek (2023) reported that a considerable
proportion of Indonesian elementary students remain below the minimum competency
standard in numeracy, and West Kalimantan shows a particularly concerning pattern
due to restricted digital access and shortages of quality instructional resources (Sirait
et al., 2023).

Within this broader educational context, the reviewed studies collectively
demonstrate that the ADDIE framework provides a systematic pathway for addressing
gaps in instructional design. The Analysis stage plays an essential role in identifying
learner needs, curriculum inconsistencies, and contextual demands. Research such
as Rahmawati et al. (2022) and Sari et al. (2021) highlights that effective needs
analysis produces culturally relevant materials. For West Kalimantan, this step is
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significant because integrating local examples taken from agriculture, trading, or
environmental issues helps strengthen students’ contextual understanding (Syahida
and Glory, 2022).

The Design and Development stages are central to improving engagement and
comprehension. Studies by Choi et al. (2020) and Prasetyo (2021) show that
interactive multimedia and digital tools elevate students’ motivation, enhance visual
reasoning, and support deeper conceptual learning when developed through
structured design principles. These insights align with the synthesis presented in this
article, which emphasizes that interactivity guided by systematic instructional planning
promotes both cognitive and affective dimensions of numeracy literacy
(Triwahyuningtyas et al., 2022).

The Implementation stage demonstrates the practicality of ADDIE-based
materials when tested in real or simulated learning environments. For example, Yuliani
(2019) reported substantial increases in student achievement after classroom trials of
ADDIE-based numeracy modules. This stage’s iterative nature supports ongoing
adjustments, ensuring that instructional resources remain responsive to learners’
needs. Such adaptability is particularly critical for rural schools in West Kalimantan,
where teachers often modify materials to suit local languages, cultural nuances, and
limited technological infrastructure (Alnajdi, 2018). The Evaluation stage reinforces
material effectiveness over time, as noted by Sutrisno and Hidayah (2021), and
functions as a continuous improvement loop rather than a final checkpoint (Hermita et
al., 2021).

Conceptually, the results support the intersection of the ADDIE model with
constructivist learning theory and cognitive load theory. Constructivist principles
suggest that learners build knowledge through experience and interaction. Interactive
materials such as augmented reality visuals or animated mathematical
representations developed through structured design encourage students to construct
meaning through exploration (Vygotsky, 1978; Mayer, 2021). Cognitive load theory
further explains why well-designed multimedia reduces extraneous cognitive effort and
enhances learning efficiency (Pitanti, 2023). The synergy between instructional design
and learning theory provides a coherent explanation for the consistent improvements
documented in numeracy literacy.

The synthesis also reveals several conceptual patterns that define successful
ADDIE-based materials. Interactivity fosters active engagement, contextualization
helps students connect abstract concepts to daily experiences, and scaffolding
supports a gradual progression of mathematical competence (M et al., 2023). These
characteristics distinguish structured instructional design from fragmented digital
initiatives that do not follow systematic development procedures. Handayani and Putra
(2018) note that initiatives lacking structured design often yield minimal and
inconsistent impact on numeracy literacy, a pattern addressed by the comprehensive
processes embedded in the ADDIE framework (Sukmana et al., 2021).
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In the context of West Kalimantan, the reviewed literature indicates significant
implications. The challenges of limited technology access and uneven digital
infrastructure require instructional designs that are adaptable and context-sensitive.
Teachers can utilize simplified forms of interactive materials, such as offline modules,
printed worksheets supported by QR codes, or low-bandwidth augmented reality,
which have been shown to improve engagement even in low-resource settings
(Grimes et al., 2021). These adaptations ensure equitable learning opportunities while
increasing digital readiness for rural learners. This aligns with UNESCO’s (2023) call
for inclusive digital education systems that are accessible regardless of geographic
barriers.

This study contributes conceptually by synthesizing a decade of literature and
offering a structured foundation for future empirical research. It highlights the need for
more studies conducted directly in rural Indonesian contexts, extended evaluations of
ADDIE-based materials, and deeper integration between digital literacy and numeracy
development (Nabela and Agustine, 2024). These gaps offer meaningful directions for
subsequent research.

Although this study provides a comprehensive synthesis, its reliance on library
research presents inherent limitations. The absence of classroom implementation
restricts the ability to validate findings through direct observation, measurement, or
controlled experimentation. Furthermore, variations in research quality, geographic
focus, and methodological rigor across the reviewed sources may influence the
generalizability of conclusions. These limitations underscore the importance of
conducting future empirical studies, including mixed-methods research, to confirm the
effectiveness of ADDIE-based materials and their relevance in diverse classroom
environments (Adrillian et al., 2023).

Overall, the discussion underscores that the ADDIE model serves as a coherent
framework for designing interactive mathematics materials that support numeracy
literacy. Its structured flow from needs analysis to evaluation ensures alignment
between instructional goals, content, pedagogy, and media selection. When
contextualized for Indonesian elementary education, particularly in under-resourced
regions such as West Kalimantan, the model demonstrates adaptability and strategic
value. The synthesis affirms that structured instructional design, contextual relevance,
and technological interactivity form a strong foundation for improving numeracy
literacy in the digital era. This conceptual understanding provides an essential basis
for future empirical investigations and practical innovations in mathematics education.

Conclusion

This study concludes that the ADDIE model provides a coherent and structured
foundation for developing interactive mathematics teaching materials that support the
improvement of numeracy literacy in elementary education. The synthesis of national
and international literature shows that when instructional materials are designed
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systematically through the ADDIE stages, they contribute to clearer conceptual
understanding, increased motivation, and strengthened mathematical reasoning
among students. These findings affirm the relevance of combining structured
instructional design with interactive and contextually grounded learning resources.

The study offers two main contributions. Conceptually, it strengthens the
theoretical linkage between constructivist learning principles, cognitive load
management, and systematic instructional design. Practically, it highlights the
potential of interactive and locally relevant materials—particularly for regions with
limited digital infrastructure such as West Kalimantan—to broaden learning access
and enhance the quality of mathematics instruction.

The implications underscore the need for teachers, curriculum developers, and
schools to adopt structured development models such as ADDIE when creating
instructional materials, especially when integrating digital or interactive media. Such
an approach ensures pedagogical alignment, contextual relevance, and sustained
quality improvement.

However, the findings of this study are limited by the absence of empirical
validation, as the conclusions are based solely on secondary sources. Future research
should therefore examine the implementation of ADDIE-based materials directly in
classroom settings, explore their effectiveness in diverse regional contexts, and
assess long-term impacts on students’ numeracy development. Empirical studies of
this kind will provide stronger evidence for the practical applicability of the ADDIE
framework in mathematics education.
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