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Abstract

Background/purpose. This study aims to design and validate an
interactive e-module for primary mathematics instruction grounded
in differentiated instruction and the theory of didactical situations
(TDS). Amid growing calls for inclusive and adaptive pedagogy under
Indonesia’s  Merdeka Curriculum, the integration of digital
technologies within differentiated instruction remains hindered by
didactical, epistemological, and infrastructural challenges

Materials/methods. Employing a didactical design research approach,
the study progressed through an interpretative phase—identifying
ontogenic, didactical, and epistemological obstacles—and a critical
phase involving expert validation and iterative refinement.

Results. Findings indicate that while technology-enhanced modules
improve student engagement, barriers persist in conceptual
understanding and learning autonomy. The final design incorporates
adaptive pathways, inquiry-based tasks, multi-format content, and
formative assessments with real-time feedback. Expert feedback
emphasized the importance of increased interactivity, clearer
scaffolding, and integrated teacher support.

Conclusion. The findings support the viability of combining TDS and
differentiation frameworks to deliver scalable, inclusive, and
pedagogically robust mathematics instruction for primary learners.
This research contributes a validated instructional model responsive
to diverse learning needs and scalable across various digital learning
environments.
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1. Introduction

High-quality mathematics education in primary schools serves as a foundational pillar for
cultivating essential cognitive competencies, including problem-solving, critical thinking, memory
retention, and the application of knowledge in both academic and real-world contexts. Early and
conceptually rich mathematics instruction not only supports students’” numerical fluency and
analytical reasoning but also nurtures their capacity for logical thought and adaptive problem-solving
(Schaeffer et al., 2021). Given its integral role in supporting lifelong learning and cognitive
development, mathematics instruction must be intentionally structured to address the diverse
learning needs, profiles, and backgrounds of students.

Differentiated instruction (DI) has emerged as a globally recognized pedagogical strategy for
meeting the varied readiness levels, interests, and cognitive characteristics of learners. Within
Indonesia, DI is institutionalized through the Merdeka Curriculum, which emphasizes learner-
centered approaches prioritizing equity, inclusivity, and instructional adaptability (Marlina, 2020;
Wahyudin et al., 2024). Rather than endorsing full individualization, DI involves systematic
adjustments to the content, process, and product of instruction, ensuring meaningful access to
curriculum goals for all students (Tomlinson, 2014; Tomlinson & Moon, 2013). This paradigm reflects
international shifts toward inclusive education models that balance personalization with shared
classroom experiences.

Despite its theoretical strengths, the practical implementation of differentiated instruction
remains inconsistent—particularly in technology-enhanced learning environments. Studies indicate
that Indonesian primary educators frequently encounter systemic constraints, including limited
technological infrastructure, inadequate training in digital pedagogy, and insufficient integration of
instructional design principles (Hapsari et al.,, 2018; Ramdhani et al., 2025). These challenges are
compounded by the rapid evolution of national curricular mandates and the growing heterogeneity
of learners, creating an urgent need for pragmatic and scalable instructional solutions.

This study addresses the critical gap in primary mathematics education by proposing the
integration of differentiated instruction (DI) with the theory of didactical situations (TDS)—a learning
theory emphasizing student autonomy, inquiry, and knowledge construction through well-designed
problem situations (Prast et al., 2018). While TDS is conceptually aligned with the principles of DI, its
application in digital contexts remains underutilized in Indonesian primary education, particularly
within the framework of the Merdeka Curriculum. Empirical research that integrates DI and TDS into
technology-enhanced mathematics instruction is limited; previous studies have primarily examined
the challenges of implementing DI in digital environments (Hapsari et al., 2018; Ramdhani et al., 2025)
without offering validated instructional models that holistically address ontogenic, didactical, and
epistemological obstacles. To address this, the present research aims to design and validate an
interactive e-module framework rooted in both DI and TDS, with dual objectives: enhancing teachers'
instructional capacity and improving students’ conceptual understanding in mathematics. The
broader significance of this study lies in its potential to inform policy and practice by offering an
evidence-based, adaptable model for inclusive and differentiated mathematics instruction in digitally
mediated classroom settings.

The research aims to examine the following questions:

(1) How can an interactive e-module based on DI and TDS be designed to support differentiated
mathematics instruction in Indonesian primary schools?

(2) What is the validity and practicality of the proposed e-module framework in addressing
ontogenic, didactical, and epistemological obstacles, and how does it enhance student engagement,
autonomy, and conceptual understanding?
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2. Literature Review
2.1. Mathematics Instruction in the Merdeka Curriculum Context

The Merdeka Curriculum in Indonesia represents a transformative shift in educational strategy,
particularly in the teaching of mathematics, aimed at fostering essential 21st-century competencies
such as critical thinking, creativity, collaboration, and communication. This curriculum introduces a
flexible and student-centered paradigm that encourages independent learning and innovation.
However, its implementation faces significant challenges, including limited resources, insufficient
teacher preparedness, and resistance to pedagogical change. The curriculum's long-term success
depends on comprehensive implementation strategies that encompass robust teacher training,
contextualized content delivery, and the development of innovative instructional materials. Research
underscores the importance of flexibility and localization in curriculum design to foster responsive
and dynamic learning environments (Hasan et al., 2024; Wahyuni et al., 2024).

Flexibility and student-centered learning constitute core features of the Merdeka Curriculum. By
empowering schools to tailor the curriculum to meet local and contextual needs, it facilitates more
meaningful and relevant learning experiences. This approach promotes active student involvement,
enhancing both critical thinking and creativity (Masjudin, 2024; Yanti et al., 2024). In mathematics
instruction, educators increasingly use open-ended problems as formative assessments to cultivate
mathematical creativity and problem-solving skills (Mulia et al., 2024). Such strategies align with
international assessment benchmarks such as TIMSS and PISA, which emphasize reasoning, problem-
solving, and multiple solution paths (Anggraena, 2019). Despite these strengths, many educators
encounter difficulties in understanding and implementing the principles of "freedom of learning,"
often struggling to integrate innovative methods into everyday classroom practices (Hasan et al.,
2024; Putri et al.,, 2023).

To realize the curriculum’s potential, more systematic professional development is required to
prepare teachers for project-based and contextual learning strategies (Wahyuni et al., 2024).
Teachers are envisioned not merely as content deliverers but as facilitators guiding students toward
independence, resilience, and creativity (Yanti et al., 2024). This role includes cultivating students’
social-emotional and moral competencies alongside cognitive development, reinforcing the
curriculum’s commitment to holistic education. Although implementation remains uneven, early
results show promise: student outcomes demonstrate improvement in literacy and standardized
assessments, with increased interest and motivation in learning, despite persistent challenges in
areas such as mathematical representation (Ismaya & Yusritawati, 2023). In this context, ongoing
institutional support, including government backing and resource provision, is crucial to fully realize
the curriculum’s vision of equitable and high-quality education.

2.2. Differentiated Instruction: Principles, Challenges, and Strategies

Differentiated instruction (DI) is a pedagogical approach designed to address the diverse needs
of students by tailoring teaching methods, content, and learning environments. It is grounded in the
belief that students have varied learning profiles, readiness levels, and interests, necessitating a
flexible and responsive teaching strategy. Despite its potential to enhance student engagement and
learning outcomes, DI presents several challenges in its implementation. Dl is founded on principles
of diversity and fairness, ensuring that all students have equal opportunities to succeed by
accommodating their individual learning needs and preferences (Niu, 2009). It emphasizes a student-
centered approach in which instruction is adapted to meet each student's unique needs, fostering an
inclusive environment (Blaz, 2016). Theoretical underpinnings, such as Gardner's multiple
intelligence theory and Sternberg's triarchic theory, further validate DI by recognizing the various
ways students process information and demonstrate understanding (Ab Hajis & Othman, 2024).
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However, the implementation of DI is often constrained by several systemic and contextual
challenges. A major issue is the lack of resources, including inadequate teaching materials and
infrastructure, which impede the effective adaptation of instruction (Maphumulo & Biccard, 2024;
Sun & Mohd Yusof, 2024). Teachers also face significant hurdles due to insufficient professional
development and training, which affects their ability to effectively apply DI strategies (Koimah et al.,
2024; Rifqgi, 2024). Additionally, the time-intensive nature of planning for differentiated learning and
the difficulty of managing large class sizes further complicate efforts to individualize instruction
(Mardhatillah & Suharyadi, 2023; Mirawati et al.,, 2022). There is also a risk that students may
perceive differentiated tasks as unfair, which can undermine the intended inclusivity of DI (Mirawati
et al., 2022; Rifqi, 2024).

To address these challenges, several strategies have been proposed. Continuous professional
training is crucial to build teachers' competencies in designing and implementing DI effectively (Rifqi,
2024). Furthermore, fostering collaboration among educators and engaging with parent-teacher
associations can help mobilize support and resources (Hajis & Othman, 2024; Maphumulo & Biccard,
2024). The innovative use of technology also plays a significant role by enabling the creation of varied
and interactive learning materials that cater to different learning styles and needs (Rifqi, 2024). Lastly,
encouraging teachers to engage in reflective practices helps them continuously refine their
approaches and better align instruction with student needs (Smets & Struyven, 2018). In summary,
while DI holds significant promise for inclusive education, its effective implementation requires a
multifaceted strategy that addresses infrastructural, pedagogical, and perceptual challenges.

2.3. Interactive E-Modules for Differentiated Instruction

Interactive e-modules have emerged as powerful tools for differentiated learning, offering
tailored educational experiences that cater to individual student needs. These digital resources
leverage technology to enhance engagement, motivation, and learning outcomes by incorporating
multimedia elements and interactive features. The use of e-modules aligns with differentiated
instruction principles, allowing educators to customize content, process, and product design to meet
diverse learning preferences and abilities. This approach not only supports varied learning styles but
also fosters a more inclusive and effective educational environment. Interactive e-modules have been
shown to significantly boost student motivation and engagement. For instance, in Pancasila
education, e-modules developed using Flip PDF Professional were validated as effective tools for
enhancing student motivation by providing visually appealing and interactive content (Dewi et al.,
2024). The integration of multimedia elements such as videos and animations in e-modules makes
learning more dynamic and engaging, which is crucial for maintaining student interest and
participation (Manggala et al.,, 2024). In EFL classrooms, students using interactive e-modules
demonstrated greater gains in critical thinking and engagement compared to those using traditional
textbooks (Ratnawati et al., 2024). Moreover, differentiated instruction-based e-modules have been
shown to enhance problem-solving abilities by aligning learning activities with students' individual
needs and learning styles (Rahayu & Rosti, 2023).

Studies have consistently shown that interactive e-modules can lead to improved learning
outcomes. For example, e-modules focusing on the excretory system in humans resulted in significant
improvements in student performance, with a strong effect size indicating their effectiveness (Syaiful
et al.,, 2023). Similarly, e-modules incorporating local wisdom in learning animal diversity were
effective in enhancing student learning outcomes, demonstrating the potential of interactive
resources to improve educational results (Winangun, 2024). E-modules offer enhanced accessibility,
allowing students to learn from various locations and at flexible times, which is particularly beneficial
in distance learning scenarios (Manggala et al., 2024). The ability to tailor e-modules to individual
learning needs supports differentiated learning by creating an inclusive environment that
accommodates diverse student profiles (Holisoh et al., 2023).
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While interactive e-modules present numerous benefits, there are challenges in their
development and implementation. Creating high-quality, innovative e-modules requires significant
resources and expertise in both educational content and technology (Manggala et al., 2024).
Additionally, ensuring that e-modules are accessible to all students, including those with limited
access to technology, remains a critical consideration. Despite these challenges, the potential of e-
modules to transform learning experiences and outcomes is substantial, warranting further
exploration and investment in this area.

2.4. The Theory of Didactical Situations (TDS) in Mathematics Education

The theory of didactical situations (TDS) in mathematics education, developed by Guy Brousseau,
is a comprehensive framework that explores the dynamics of teaching and learning mathematics. It
emphasizes the role of structured situations in facilitating students' autonomous construction of
knowledge. TDS is particularly focused on the interaction between students, teachers, and
mathematical content, aiming to create environments where students can engage with mathematical
concepts independently. This theory is structured around the concepts of didactical and a-didactical
situations, which are crucial for understanding and designing effective mathematics instruction.
Didactical situations involve direct teacher intervention, guiding students through content and
ensuring exposure to essential knowledge (Artigue et al., 2014; Magalhdes & Teixeira, 2014), while
a-didactical situations promote independent student engagement with mathematical problems,
encouraging deeper understanding and critical thinking (Arslan et al., 2011; Genc & Ergan, 2022).
Another foundational aspect is the didactic contract, which represents the implicit expectations
between teachers and students regarding roles and responsibilities in the learning process (Fuadiah,
2021; Magalhdes & Teixeira, 2014).

In practice, TDS offers valuable tools for designing and analyzing mathematics instruction. It
equips educators with a specialized vocabulary and set of models to understand classroom dynamics
and the interplay between pedagogical elements (Bahn & Winslgw, 2019; Mangiante-Orsola et al.,
2018). These tools not only enhance lesson planning but also contribute significantly to teacher
professional development. Through reflective use of TDS, teachers can refine their instructional
strategies, develop resources that support student learning, and adapt lessons based on observed
classroom interactions (Mangiante-Orsola et al., 2018). TDS also promotes student-centered learning
by structuring educational experiences around a-didactical situations, which have been linked to
improved problem-solving skills and deeper application of mathematical concepts in diverse
scenarios (Arslan et al., 2011; Genc & Ergan, 2022).

Although TDS is primarily applied within mathematics education, its implications extend to
broader pedagogical practices. Its alighment with constructivist theories underscores the significance
of learner autonomy and active engagement in knowledge construction. However, its successful
implementation is contingent upon various contextual factors, including teacher preparedness and
student adaptability. Adapting TDS to other disciplines and diverse educational environments
necessitates thoughtful consideration and localized strategies. Nevertheless, the theory’s emphasis
on meaningful student interaction with content and the structured facilitation of learning positions
it as a powerful framework for enhancing educational quality and inclusivity across curricula (Fuadiah,
2021; Loureiro de Lima et al., 2019).

2.5. Integrating Differentiated Instruction and the Theory of Didactical Situations

The integration of differentiated instruction (DI) and the theory of didactical situations (TDS)
provides a robust pedagogical synergy for addressing diverse learner needs in mathematics
education. DI offers a framework for tailoring instruction to students’ readiness levels, interests, and
learning profiles (Tomlinson, 2014), while TDS emphasizes structured problem situations that foster
autonomous knowledge construction (Brousseau, 1997). By combining DI’s adaptability with TDS’s
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focus on inquiry-based learning, educators can design interactive learning environments that
simultaneously support personalization and conceptual rigor. This synthesis is particularly relevant in
technology-enhanced contexts, where adaptive e-modules can operationalize both frameworks to
facilitate student engagement, conceptual understanding, and critical thinking. Prior studies
(Mangiante-Orsola et al.,, 2018; Prast et al., 2018) highlight the potential of such integration to
enhance instructional differentiation while preserving mathematical depth and coherence.

3. Methodology
3.1. Research Design

This study employed a design didactical research (DDR) approach, grounded in the theory of
didactical situations (TDS). DDR is an iterative, practice-oriented methodology aimed at designing,
implementing, and evaluating didactical innovations within authentic educational settings. The
research process consisted of two primary phases: the interpretative phase and the critical phase
(Ramdhani et al., 2019, 2023; Suryadi, 2019).

3.1.1. Interpretative Phase

The interpretative phase focused on identifying learning obstacles faced by students and
teachers in the context of differentiated mathematics instruction supported by technology. A
phenomenological approach was adopted to explore participants' real-world instructional
experiences.

This study employed a mixed-methods approach to investigate the challenges of implementing
differentiated instruction and integrating technology in primary mathematics education. Data were
collected through surveys and semi-structured interviews with teachers and students from various
regions, aiming to understand the practical difficulties encountered in the classroom context. This
method provided a broad perspective on the instructional landscape across diverse educational
settings.

Complementing these data, classroom observations were conducted to closely examine teacher-
student interactions, the use of manipulatives, and the incorporation of technology during
mathematics lessons. These observations offered valuable real-time insights into how instructional
practices are enacted and the role of digital tools in facilitating or hindering learning processes.

In addition, focus group discussions (FGDs) were organized with teachers and school principals
to gain deeper qualitative insights into systemic and pedagogical barriers. These discussions enriched
the dataset with nuanced perspectives on institutional and instructional challenges such as resource
limitations and professional development needs.

For analysis, thematic coding was used to categorize the identified learning obstacles into three
key dimensions. Ontogenic obstacles referred to issues stemming from students’ developmental
stages; didactical obstacles highlighted limitations in instructional strategies; and epistemological
obstacles addressed gaps in students’ conceptual understanding of mathematical ideas. These
thematic dimensions were mapped onto the principles of the theory of didactical situations (TDS) to
guide the formulation of targeted instructional design interventions.

3.1.2. Critical Phase

The critical phase focused on the development and refinement of a didactical design specifically
intended for an interactive e-module that supports differentiated instruction in primary mathematics
education. This phase was essential to ensure the instructional tool would meet diverse learning
needs while aligning with established pedagogical principles.
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The process began with expert FGDs involving mathematics education specialists, educational
technology developers, and experienced teachers. These stakeholders collaboratively evaluated the
preliminary design, provided critical feedback, and suggested concrete improvements to ensure the
module's pedagogical soundness and practical applicability.

A comparative analysis was conducted to examine existing mathematics e-modules and identify
both exemplary practices as well as prevailing limitations. This benchmarking exercise helped inform
the refinement process by highlighting key features that enhance learner engagement and support
differentiated instruction.

Building on these inputs, the design team developed a comprehensive didactical design. The final
blueprint featured differentiated learning pathways tailored to varying student abilities, interactive
simulations to enhance conceptual understanding, and adaptive assessments designed in accordance
with the theory of didactical situations (TDS) to foster meaningful mathematical engagement.

The outputs of the critical phase included a validated framework for didactical design in
interactive e-modules and a set of strategic recommendations for effectively integrating educational
technology. These outcomes aim to support educators in delivering inclusive and responsive
mathematics instruction for diverse primary school learners.

3.2. Research Instruments

The study employed a range of research instruments to achieve robust data triangulation and
ensure the validity and reliability of findings related to differentiated instruction and technology
integration. Quantitative data were collected using a questionnaire comprising three dimensions:
student engagement, conceptual understanding, and learning autonomy. The questionnaire,
developed via online forms, was completed by 122 primary school teachers across Indonesia through
an online survey. Validity was established through expert judgment, and reliability testing yielded a
Cronbach’s alpha of a = 0.87, indicating high internal consistency.

Qualitative data were gathered through semi-structured interviews and classroom observations
conducted face-to-face. The interviews involved 16 primary mathematics teachers and 120 students
from eight schools. These interviews explored challenges in implementing differentiated instruction,
use of digital tools in mathematics teaching, perceptions of student autonomy, and suggestions for
improving interactive modules. Structured observation checklists were also utilized to document
classroom practices, including teacher strategies and student engagement levels during mathematics
instruction. These checklists enabled consistent and objective recording of real-time instructional
dynamics.

To refine and validate the interactive e-module design, FGDs were conducted with six academic
experts and four practitioner experts. These sessions provided critical feedback to ensure the
module’s theoretical soundness and practical applicability.

Instrument validity was reinforced through rigorous expert review to ensure alignment with the
study’s objectives and theoretical framework, while reliability was enhanced through pilot testing
and inter-rater agreement in qualitative coding. This research obtained ethical clearance from the
Institutional Review Board (IRB). Informed consent was obtained from all participants, and for
students, parental consent was secured to comply with ethical research standards.

4. Results
4.1. Identification of Learning Obstacles

Thematic analysis of both qualitative and quantitative data uncovered three key categories of
obstacles impeding the effective implementation of differentiated, technology-supported
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mathematics instruction: ontogenic, didactical, and epistemological. Each category reflects a distinct
set of challenges related to student characteristics, instructional practices, and the conceptual nature
of mathematics learning within digital environments.

4.1.1. Ontogenic Obstacles

Ontogenic obstacles relate to student-specific developmental and behavioral factors. Data
revealed that while students showed strong interest in using technology for learning—evidenced by
a high average engagement score of 4.18 on a 5-point scale—this engagement did not fully translate
into deep mathematical understanding. Students demonstrated only moderate conceptual
understanding, averaging 3.92, and a similarly moderate level of learning autonomy, with a mean
score of 3.85. These findings suggest that motivation and interest alone are insufficient to foster
independent, concept-rich learning in differentiated settings.

Table 1. Ontogenic Factors: Mean Student Scores

Dimension Mean Score (1-5) SD N Interpretation
Engagement 4.18 0.54 120 High
Conceptual Understanding 3.92 0.62 120 Moderate
Learning Autonomy 3.85 0.48 120 Moderate

4.1.2. Didactical Obstacles

Didactical challenges centered on the instructional strategies employed by teachers. Many
educators reported difficulty in tailoring their teaching to meet varied student needs within a digitally
mediated environment. The complexity of differentiated instruction—especially in real-time
classroom settings—was compounded by limited professional capacity; many teachers lacked
targeted training in using digital tools for differentiated learning. Additionally, time management
emerged as a major barrier, with teachers struggling to balance flexible grouping, individualized
feedback, and personalized task design within standard lesson durations.

Table 2. Key Didactical Challenges Identified by Teachers

Obstacle Description
Instructional Strategy Adapting methods for varied learner profiles
Professional Capacity Inadequate training in tech-based differentiation
Time Management Constraints on flexible and individualized instruction

4.1.3. Epistemological Obstacles

Epistemological obstacles concern students' ability to grasp and apply mathematical concepts,
especially when interacting with digital tools. A prominent issue was the transfer of digital
representations (e.g., graphs, animations, manipulatives) into formal symbolic reasoning, which
students found moderately difficult (mean difficulty score: 3.95). Furthermore, technological
infrastructure limitations—including device shortages, unstable internet connections, and
inadequate access to digital learning resources—were frequently cited by teachers and students as
significant impediments to instructional effectiveness.
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Table 3. Epistemological and Infrastructure-Related Challenges

Challenge Mean Score / Description

Representation Transfer Difficulty 3.95 (Moderate difficulty)

Device access, connectivity, and
resources

Infrastructure Limitations

These findings underscore the importance of addressing both instructional and systemic barriers
in designing effective, equitable technology-supported learning environments. Interventions should
not only aim to boost student autonomy and conceptual understanding but also invest in teacher
capacity-building and infrastructure enhancement.

4.2. Development of the Didactical Design

Based on insights from the interpretative phase, a structured didactical design model was
developed to support differentiated mathematics instruction through an interactive e-module. The
design was guided by the theory of didactical situations (TDS) and closely aligned with the
differentiated instruction framework, aiming to support diverse learners through adaptive and
meaningful instructional strategies.

This design model consisted of three core components from TDS—situation of devolution,
mathematical situation, and situation of institutionalization—each integrating strategies for content,
process, and product differentiation, along with interactive and reflective features.

Table 4. Core Components and Their Instructional Strategies

TDS Component Instructional Strategies
Situation of Trigger questions, virtual experiments, reflection tasks, and content
Devolution differentiation (videos, texts, interactive simulations).
Mathematical Case studies, mini projects, open tasks, and process differentiation
Situation (simple vs. complex problems, heterogeneous grouping).

Formal concept discussions, structured exercises, group discussions, and
product differentiation (written reports, presentations, creative
products), accompanied by formative and summative assessments.

Situation of
Institutionalization

4.2.1. Situation of Devolution

This phase empowers students by granting them autonomy to engage in learning experiences
that align with their individual learning profiles, including their readiness levels, interests, and
learning modalities. The design encourages students to initiate their learning through trigger
guestions crafted to provoke curiosity, elicit prior knowledge, and stimulate critical thinking. These
qguestions act as entry points into mathematical exploration, setting the stage for deeper
investigation.

To enhance engagement, virtual experiments are incorporated, enabling students to manipulate
variables, observe mathematical patterns, and build conceptual understanding through hands-on
digital experiences. These interactive explorations support the development of mathematical
reasoning and model real-world scenarios, particularly useful for abstract concepts.
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Following these exploratory experiences, students are encouraged to engage in individual
reflection. Reflection tasks prompt learners to articulate their thought processes, evaluate their
problem-solving strategies, and internalize key concepts. This metacognitive element plays a crucial
role in deepening understanding and supporting long-term retention.

In addition to strategic design, the e-module addresses diverse learner needs through multi-
format content delivery. Learning materials are offered in various forms, such as videos or images for
visual learners, text or audio for linguistic and auditory learners, and interactive simulations for
kinesthetic and experiential learners. These content formats are intentionally varied to maximize
accessibility and engagement, ensuring that all students—regardless of their learning style—can
meaningfully interact with the content.

Situation of Devolution
Didactic Strategy Content Differentiation
Trigger Questions Video/ Image
Virtual Experiment Teks/ Audio
Reflection Interactive

Figure 1. Devolution Phase Elements and Multimodal Content Differentiation in the Interactive e-
Module

For instance, in the devolution phase, learners are given autonomy to select learning activities
that match their preferences. Visual learners engage in drag-and-drop number tasks and digital
coloring; auditory learners participate in singing number songs and listening to math stories; while
kinesthetic learners interact with virtual manipulatives, such as dragging objects to count or playing
"number jump" games.

Table 5. Integration of TDS Phases with Differentiated Strategies in the Interactive e-Module

TDS Phase Implementation in E- Differentiation Strategy
Module
Devolution Learners choose activities ~ Choice-based learning,

based on learning styles  readiness-level selection
(e.g., songs, virtual
manipulatives, digital
tasks)

4.2.2. Mathematical Situation

Students are encouraged to engage in inquiry-based learning through authentic tasks such as
case studies, mini projects, and open tasks. These serve as powerful vehicles for contextualized
learning, allowing students to connect abstract mathematical ideas to tangible, real-life scenarios. By
working through case studies, students analyze data, identify patterns, and propose solutions
grounded in mathematical reasoning. Mini projects allow deeper exploration of topics, often
integrating cross-disciplinary knowledge and fostering creativity.

Open tasks, which allow for multiple pathways and solutions, challenge students to explore
different strategies, make decisions, and justify their reasoning—essential components of
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mathematical thinking. These activities not only strengthen content mastery but also promote key
21st-century skills such as collaboration, communication, and problem-solving.

Mathematical Situation
Didactic Strategy Process Differentiation
Case Study Simple Problems
Mini Project Complex Problems
Open Task Heterogeneous

Figure 2. Inquiry-Based Task Types and Process Differentiation Strategies in the Mathematical
Situation Phase

To further differentiate the learning process, these tasks are designed to vary in complexity and
structure. Students may engage with simple problems that emphasize foundational skills or tackle
complex problems requiring multi-step reasoning and the integration of multiple concepts. The use
of heterogeneous group settings plays a crucial role, encouraging peer interaction, idea exchange,
and mutual scaffolding. This collaborative environment supports diverse learners and nurtures a
classroom culture of shared responsibility and inquiry.

During the mathematical situation, learners solve real-world contextual tasks (e.g., dragging the
correct number to match the number of apples or completing animated math stories) to foster
reasoning and inquiry. These activities promote engagement through problem-solving and discovery
aligned with TDS principles.

Table 6. Integration of TDS Phases with Differentiated Strategies in the Interactive e-Module

TDS Phase Implementation in E- Differentiation Strategy
Module
Mathematical Situation Engagement with real- Tiered tasks and inquiry
world tasks using challenges

interactive elements (e.g.,
drag-and-drop, virtual
counting)

4.2.3. Situation of Institutionalization

In the situation of institutionalization, the instructional focus shifts toward the synthesis and
formalization of mathematical knowledge. This phase enables learners to transition from exploratory
understanding to structured, codified concepts. Students are guided through conceptual discussions
in which they collaboratively analyze patterns, generalize findings, and construct formal
mathematical expressions or models. These discussions bridge intuitive understanding with
disciplinary accuracy.

Structured practice sessions are implemented to reinforce key ideas, allowing students to apply
learned concepts across varied contexts. Through repeated exposure and feedback, students refine
their procedural fluency and build confidence in tackling novel problems. Additionally, group
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reflection activities prompt students to critically evaluate their reasoning, share perspectives, and co-
construct collective knowledge.

To support diverse expression of learning, product differentiation is implemented. Learners
create a range of outputs, including written reports to demonstrate analytical reasoning,
presentations to showcase verbal communication, and creative products such as models, posters, or
multimedia artifacts. This variety promotes inclusivity and aligns with students’ strengths and
preferences.

Assessment within this phase includes both formative and summative components. Formative
assessments offer immediate feedback and inform instruction by identifying gaps and guiding
subsequent steps. Summative assessments evaluate students’ mastery at the end of a learning cycle
and contribute to overall academic progress. Together, these assessment forms ensure a
comprehensive understanding of both learning process and outcomes.

The e-module also incorporates adaptive features that enhance its responsiveness to student
diversity. These include personalized learning pathways that adjust task difficulty based on learner
progress, interactive simulations to reinforce abstract concepts, and formative assessments with
instant feedback. Additionally, differentiated scaffolding strategies—such as guided prompts, tiered
tasks, and visual supports—are embedded to assist learners at varying levels of proficiency. These
adaptive mechanisms ensure that all students receive appropriate support while maintaining
engagement and challenge.

Situation of Institutionalization
Didactic Strategy Product Differentiation
Formal Concept Written Report
Exercise/Practice Video Presentation
Group Discussion Creative Product

Figure 3. Institutionalization Phase Activities and Product Differentiation in the Interactive e-Module

In the Institutionalization phase, students reflect through feedback-rich assessments and
produce outputs in varied forms such as digital illustrations, audio responses, or creative
representations. Adaptive feedback and visual cues support the construction of formal knowledge.

Table 7. Integration of TDS Phases with Differentiated Strategies in the Interactive e-Module

TDS Phase Implementation in E- Differentiation Strategy
Module
Institutionalization Reflection and synthesis Product differentiation
through multi-format and scaffolded outputs
assessments with adaptive
feedback

The prototype design underwent a rigorous validation process through a series of FGDs. These
sessions involved a diverse panel comprising mathematics education experts, educational technology
developers, and practicing primary school teachers. Each stakeholder group contributed unique
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perspectives, enabling the design to be critically examined from theoretical, technical, and classroom-
practical viewpoints.

To clarify stakeholder contributions and design impacts, the following table summarizes key
insights and resulting improvements:

Table 8. Stakeholder Feedback and e-Module Design Revisions

Stakeholder Group Key Feedback Revisions Implemented
Mathematics Emphasized student-centered Increased interactivity: drag-and-drop
Education Experts assessment and deeper tasks, real-time quizzes, exploratory
engagement modules
Classroom Highlighted the need for support Added scaffolding strategies: visual
Practitioners for students with lower cues, guided steps, tiered task
conceptual readiness complexity
Technology Identified need for robust Integrated instructional guides,
Developers & teacher support in digital classroom integration strategies, and
Advisors learning environments. progress monitoring dashboards

This collaborative process ensured that the final design was not only theoretically sound but also
highly responsive to the realities of classroom implementation and technological feasibility.

This structured and validated didactical design ensures that the e-module is not only aligned with
educational theory but also practical, inclusive, and effective for primary mathematics instruction in
diverse learning environments.

5. Discussion

This study confirms the potential of interactive e-modules based on the theory of didactical
situations (TDS) to address challenges in differentiated mathematics instruction at the primary level.
Incorporating simulations, quizzes, and inquiry-based tasks, these modules have been shown to boost
student motivation and engagement. Studies such as Suastika (2023) as well as AaumpomnouvAoc and
Sidiropoulos (2024) illustrate marked improvements in student performance and enthusiasm
through digital interventions. Similarly, Saenboonsong and Poonsawad (2024) and Han et al. (2024)
highlight the role of gamification in fostering creativity and problem-solving. However, despite high
engagement, conceptual understanding and learner autonomy remain moderate (Setambah et al.,
2024), emphasizing the need for adaptive instructional design that incorporates process
differentiation, such as tiered tasks and learning pathways.

The integration of the theory of didactical situations (TDS) into e-module design for primary
students is a strategic approach to enhance learning experiences by structuring them around
meaningful, inquiry-based activities. Developed by Guy Brousseau, TDS emphasizes the importance
of creating learning environments in which students construct knowledge through interaction with
well-designed tasks. This theory is particularly effective in digital learning contexts, where it can be
translated into choice-based tasks, real-world problem scenarios, and scaffolded reflection activities.
These components support conceptual construction (Fuadiah, 2021; Oquendo & Macancela, 2017),
promote learner autonomy through dynamic tasks using tools like GeoGebra (Tamba, 2022), and
accommodate individual differences in readiness and learning styles by offering varied entry points
and pacing options (Almouloud, 2017; Mangiante-Orsola et al., 2018). Furthermore, TDS aligns well
with inquiry-based learning by encouraging students to pose questions, investigate solutions, and
reflect critically on mathematical concepts (Matematiksel et al., 2013; Rgnning, 2021). Real-world
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problem scenarios and scaffolded reflections bridge theory and practice, reinforcing deeper
understanding (Zulkarnaen et al., 2022). TDS also benefits teachers by guiding instructional design
and fostering collaboration with researchers, resulting in high-quality resources and improved
practice (Mangiante-Orsola et al., 2018). While promising, implementation challenges include the
need for teacher training in TDS principles and adequate technological support, emphasizing the
need for deliberate design, aligned objectives, and continuous adaptation to student needs.

Persistent challenges in digital differentiation are particularly tied to teacher preparedness and
instructional design. Many teachers lack the technological pedagogical content knowledge (TPACK)
required to align pedagogy, content, and digital tools effectively (Adipat et al., 2023; Crompton, 2015;
Padmavathi, 2017). Likewise, students often struggle to connect digital representations with formal
mathematical reasoning without structured instructional scaffolds (Angelo et al., 2014; Carreira,
2015; Lapets, 2012). Effective professional development must therefore extend beyond tool usage
to include holistic instructional strategies (Achieng, 2024; Groover, 2014; L. E. Martin & Mulvihill,
2022). Addressing these gaps also requires systemic investment in infrastructure and reducing
teacher resistance (Bagla, 2025; Camburn & Han, 2015; Obioma, 2023).

Teacher support plays a critical mediating role. An et al. (2022) emphasize that emotional and
motivational support from teachers significantly influences students’ attitudes toward technology
use in learning. Martin and Dowson (2009) and Sanmas et al. (2024) reinforce the importance of
interpersonal relationships in enhancing motivation and digital engagement. Effective teacher
training should therefore integrate communicational and emotional competencies alongside
instructional tools like dashboards and digital guidance, as reflected in the e-module design of this
study (Tammaro & D’Alessio, 2016).

Infrastructure remains a barrier to equitable digital education. Many schools face limited access
to devices, unreliable internet, and insufficient support systems, especially in rural and underserved
areas (Duggi et al., 2025; Pettalongi et al., 2024; Xu, 2024).These gaps are compounded by
inadequate infrastructure and policy frameworks (Biller et al., 2014). Addressing these issues calls for
systemic investment and inclusive digital strategies (OECD, 2023). Teacher training and digital literacy
programs, alongside community partnerships, are essential to narrowing the digital divide (Basri,
2024; Choudhary & Bansal, 2022; Memon & Memon, 2024).

Encouragingly, the post-pandemic era has seen positive behavioral adaptations among students
toward digital learning. Studies report increased satisfaction and preference for hybrid models
(Fabian et al., 2024; Hernandez et al.,, 2024; Pawar & Dhawale, 2025). Students’ readiness is
supported by factors such as perceived usefulness and accessibility (Manasrah et al., 2024; Shaya,
2024), with user experience becoming increasingly central (Hoang & Hoang, 2022). Sustaining
momentum requires ongoing institutional support and equity-driven policies (Loi et al., 2024;
Macharia, 2023).

Feedback is also pivotal to conceptual learning in digital environments (Cavalcanti et al., 2020).
Whiting et al. (2023) stress that timely and personalized feedback bridges digital activity and
understanding. The formative assessments and real-time feedback of this study’s module align with
this need. Research affirms the value of goal-oriented feedback in enhancing learning outcomes
(Maier & Klotz, 2022). Systems such as ScaffoldiaMyMaths (D. Sun et al., 2024) and interactive
modules (Barana et al., 2021) demonstrate how personalized feedback supports mathematical
communication and motivation. However, effective digital feedback requires tailored strategies in
remote and hybrid contexts (Glassmeyer et al., 2022).

Despite its pedagogical strengths, differentiated instruction presents practical challenges,
particularly related to planning and resources. Implementing flexible groupings, tiered assignments,
and learning contracts is time-consuming and demands extensive preparation (Castle et al., 2005;
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Colon et al., 2022). Moreover, resource constraints and limited training hinder scalability (Anderson
& Boud, 1996). Digital solutions such as e-modules can help automate and simplify differentiation
(Manggala et al., 2024), easing teacher workload while supporting personalization. However, for
sustainable implementation, institutional investment in infrastructure, training, and supportive policy
remains critical.

In conclusion, this research presents a validated didactical design framework integrating TDS and
differentiated instruction principles through a technology-supported model. Grounded in current
empirical findings, it offers a scalable and inclusive approach to enhancing mathematics instruction
at the primary school level.

6. Conclusion

This study successfully developed a didactical design for interactive e-modules grounded in the
principles of differentiated instruction and the theory of didactical situations (TDS) to enhance
mathematics learning in primary education. The findings indicated that while technology-supported
differentiated instruction increased student engagement, challenges related to conceptual
understanding, learning autonomy, and infrastructure persist. The interactive e-module addressed
these challenges by offering adaptive pathways, real-world mathematical contexts, immediate
feedback, and differentiated scaffolding strategies. Validation through expert discussions
underscored the importance of accessibility, learner-centered assessment, and embedded teacher
support features. Despite existing barriers, this research presents a scalable, inclusive instructional
model that can advance equitable digital transformation in primary mathematics education.

7. Suggestion

This study has several limitations that should be considered when interpreting the findings. First,
the qualitative component involved only eight schools for interviews and observations, which may
not fully reflect the diversity of instructional practices and technological readiness across all regions
of Indonesia. As such, the transferability of insights to other contexts, particularly rural or under-
resourced schools, may be constrained. Second, the reliance on self-reported data in the
questionnaires, completed by 122 teachers, introduces the possibility of social desirability bias or
inaccuracies in reporting their instructional practices and experiences with technology integration.

Future studies should investigate the longitudinal effects of TDS-based differentiated e-modules
on student performance and autonomy across diverse educational contexts. Additionally, further
exploration of teacher professional development aligned with the Technological Pedagogical Content
Knowledge (TPACK) framework is recommended to support broader and more effective
implementation. Expanding support systems and policies that promote infrastructure readiness and
sustained teacher capacity building will also be crucial for maximizing the benefits of this instructional
model.
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