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Abstract

The increasing demand for technology-supported instructional solutions has created op-
portunities to develop learning systems that integrate curriculum alignment, instructional
design, and learner-centered interaction within a unified educational framework. This
study presents the design and validation of a Technology-Aided Interactive Mathemat-
ics Learning Framework that functions as an instructional support system for Grade 3
subtraction involving three- to four-digit numbers with and without regrouping. The pro-
posed framework adopts the Four-D (4D) instructional development model as its system
development methodology and incorporates structured content organization, interactive
learning components, and curriculum-driven instructional configuration. A mixed-method
developmental research approach was employed involving fourteen participants, including
twelve Grade 3 teachers and two master teachers from public elementary schools in Alcan-
tara, Romblon, Philippines. A needs assessment identified subtraction with regrouping
as the highest-priority instructional challenge. The resulting instructional system was
evaluated using the Department of Education Evaluation Rating Sheet for Print Resources
and achieved an overall Very Satisfactory rating across content integrity, interface orga-
nization, presentation, instructional architecture, and information accuracy. Qualitative
analysis further demonstrated that the framework supports curriculum alignment, con-
textual adaptability, learner engagement, and reusable instructional deployment while
identifying opportunities for improving inclusivity and interface presentation. The find-
ings demonstrate that the proposed technology-aided instructional framework provides
a practical, scalable, and sustainable learning support configuration that can serve as a
foundation for future intelligent educational systems, adaptive learning platforms, and
digital instructional environments.

Keywords: interactive learning framework; instructional support system; educational
technology; learning system architecture; instructional configuration; curriculum-aligned
framework; mathematics learning; technology-enhanced education

1. Introduction

Basic numeracy is a foundational life skill that enables learners to engage meaningfully
in education, employment, and civic participation. Beyond school achievement, numer-
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acy competence is strongly associated with improved life outcomes, including financial
decision-making, employability, and socio-economic mobility [1,2]. However, when early
mathematical difficulties remain unaddressed, they often evolve into cumulative learning
gaps, negative academic self-concept, and persistent mathematics anxiety [3,4]. These early
barriers are particularly consequential in primary education, where conceptual misunder-
standings in number operations hinder progression toward more complex mathematical
reasoning. Consequently, the development of sustainable, scaffolded, and developmentally
appropriate instructional materials is not merely a pedagogical concern but a systemic
imperative for building future-ready education systems.

Recent advances in educational technology have shifted instructional innovation from
isolated learning resources toward integrated learning systems capable of supporting
curriculum management, learner interaction, and instructional decision-making. Within
computer science, educational systems are increasingly viewed as configurable software-
assisted environments in which instructional components, learning activities, assessment
mechanisms, and content organization operate as interconnected modules rather than
standalone materials. Such technology-supported instructional frameworks improve con-
sistency, scalability, maintainability, and reusability while enabling systematic deployment
across diverse educational contexts.

Globally, concerns regarding foundational learning have intensified in recent years.
The World Bank’s 2022 update on learning poverty reports that a substantial proportion
of children in low- and middle-income countries fail to achieve minimum proficiency in
foundational skills, including numeracy [5]. The urgency of addressing early mathematics
difficulties in the Philippines is underscored by large-scale international assessments. In
the 2019 Trends in International Mathematics and Science Study (TIMSS), the Philippines
ranked last among participating countries in Grade 4 mathematics, obtaining an average
score of 297, far below the low international benchmark of 400 [6]. The most recent cycle,
TIMSS 2023, continues to highlight wide global disparities in mathematics achievement
across education systems and reinforces the importance of sustained monitoring of founda-
tional competencies [6]. Similarly, in the Programme for International Student Assessment
(PISA), Filipino 15-year-olds scored 353 in mathematics in 2018 compared to the OECD
average of 489 [7], and although the 2022 cycle recorded a slight increase to 355, this
performance remains significantly below the OECD average of 472, indicating persistent
gaps in mathematical literacy [8]. Collectively, these findings signal systemic challenges in
developing mathematical proficiency across grade levels and emphasize the need for early,
targeted interventions at the primary stage.

Addressing persistent learning difficulties requires more than the production of in-
structional content. It requires the development of structured instructional support frame-
works that organize learning resources through systematic architectures and predefined
instructional workflows. Framework-oriented educational systems provide standardized
mechanisms for integrating curriculum objectives, instructional sequencing, learner interac-
tion, and evaluation processes into a unified configuration that can be replicated, validated,
and continuously improved. Such approaches have become increasingly important in
educational technology because they facilitate modular development while supporting
future integration with intelligent tutoring systems, learning management systems, and
adaptive learning platforms.

While international assessments quantify national learning gaps, classroom-level evi-
dence offers more nuanced and actionable insights. Teachers’ perceptions of Instructional
difficulty often reveal misalignments between curriculum expectations and learners’ devel-
opmental readiness [9-11]. Such perceptions are valuable indicators of where instructional
scaffolds, material redesign, or pedagogical adjustments are most needed. Meta-analytic
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evidence demonstrates that effective mathematics instruction in the elementary grades’” ben-
efits from structured guidance, visual supports, and opportunities for active manipulation
of representations [12].

This pattern was evident in a needs-based assessment conducted across 12 public
elementary schools in the Municipality of Alcantara, Romblon. Findings revealed that
83 percent of Grade 3 teachers identified subtraction involving three- to four-digit numbers,
with and without regrouping, as the most difficult competency to teach. Teachers attributed
this difficulty to learners” weak place-value understanding, limited problem-solving strate-
gies, reduced attention span, and emerging mathematics anxiety. Respondents further
emphasized that purely technology-based interventions, such as mobile applications and
digital slides, did not consistently sustain engagement. Instead, pupils demonstrated
stronger participation when tasks involved coloring, cutting, organizing, and physically
manipulating materials. This observation aligns with Piaget’s theory that learners in
the concrete operational stage rely heavily on tangible experiences to internalize abstract
concepts [13].

The proposed solution in this study can therefore be viewed as a technology-aided
instructional support framework rather than merely a collection of printed worksheets.
The framework consists of interconnected instructional components, including curriculum
mapping, competency identification, structured activity sequencing, interactive learning
modules, expert validation, and iterative refinement. These components collectively form
a configurable instructional architecture that supports systematic content development
while maintaining compatibility with existing educational standards. This system-oriented
perspective aligns the work with computer science principles involving framework design,
modular configuration, information organization, and educational system engineering.

The theoretical foundation of this study is anchored in Piaget’s theory of cognitive
development. Learners aged 7 to 11 operate within the concrete operational stage, char-
acterized by logical reasoning grounded in observable and manipulable experiences [13].
Although children at this stage begin to understand conservation and reversibility, ab-
stract symbolic manipulation such as multi-digit subtraction with regrouping still re-
quires concrete scaffolding. Contemporary research supports this perspective, showing
that structured manipulatives enhance conceptual understanding when carefully aligned
with instructional goals [12,14]. Recent empirical work also indicates that interactive and
guided activity sheets can significantly improve mathematical engagement and achieve-
ment among primary learners [15,16].

Beyond cognitive alignment, sustainability considerations further justify the design of
low-tech instructional materials. Sustainable education frameworks emphasize resource ef-
ficiency, contextual responsiveness, and long-term usability in educational innovation [17].
In many public schools, especially in geographically isolated areas, reliable access to
digital infrastructure remains inconsistent. Technology-aided design paired with low-
technology implementation therefore offers a pragmatic solution. Materials can be digitally
developed for precision and curriculum alignment yet reproduced as reusable, printable
formats that reduce dependence on costly devices and continuous electricity consump-
tion. Such an approach supports equitable access while maintaining environmental and
economic sustainability.

Guided by these theoretical and empirical foundations, the present study proposes
the development and validation of “Interactive Sheets,” technology-aided and curriculum-
aligned instructional materials designed to support Grade 3 subtraction competencies.
While digitally structured for precision and standard alignment, the materials are im-
plemented as physical, manipulable sheets incorporating coloring, cutting, and pasting
tasks. This dual-mode design bridges technological efficiency and tactile engagement,

https://doi.org/10.3390/engproc2026143062


https://doi.org/10.3390/engproc2026143062

Eng. Proc. 2026, 143, 62

40f 14

supporting both cognitive development and sustainable classroom practice. To ensure
quality and alignment, the materials underwent expert validation by two master teachers
using four evaluative criteria: content accuracy, format and visual design, presentation and
organization, and alignment with the Department of Education’s Most Essential Learning
Competencies [18]. Feedback from 12 Grade 3 mathematics teachers informed iterative
revisions to refine layout clarity, contextual examples, and instructional sequencing.

Unlike conventional instructional material development studies, the present research
emphasizes the design and validation of an instructional framework that formalizes the
relationships among curriculum standards, learning activities, learner interaction, and
expert evaluation. The framework establishes a repeatable development configuration
capable of supporting future software implementation, digital learning environments,
and intelligent instructional services. Consequently, the contribution of this research
extends beyond educational resource development by proposing a structured instructional
system architecture that can serve as a foundational model for subsequent computer-based
educational applications.

Ultimately, guided by these theoretical and empirical foundations, the present study
proposes the development and validation of a Technology-Aided Interactive Mathematics
Learning Framework, in which the interactive sheets constitute the primary instructional
modules of an integrated instructional support system. By integrating developmental
theory, teacher-informed design, and sustainability principles, this study contributes to
the discourse on instructional material innovation in basic education and establishes a
foundation for future quasi-experimental classroom implementation. More broadly, it
demonstrates how low-cost, context-sensitive, and human-centered instructional materials
can serve as viable interventions for strengthening foundational numeracy in resource-
constrained settings.

2. Theoretical Framework

This study is grounded in constructivist learning theory, particularly Jean Piaget’s
theory of cognitive development, and in systematic instructional design theory through
the 4D model of Thiagarajan, Semmel, and Semmel. Together, these frameworks pro-
vide the cognitive and procedural foundations for the development and validation of the
Interactive Sheets.

2.1. Theory of Cognitive Development

Piaget’s Theory of Cognitive Development provides a foundational explanation of
how children construct knowledge through active engagement with their environment [13].
According to Piaget, learners between the ages of 7 and 11 operate within the concrete
operational stage, during which logical reasoning begins to develop but remains closely
tied to tangible and manipulable experiences. At this stage, children acquire abilities such
as conservation, classification, and reversibility; however, abstract symbolic reasoning,
including multi-digit subtraction with regrouping, still requires concrete scaffolding [13].

Contemporary research continues to affirm the relevance of Piagetian principles in
mathematics education. A meta-analysis examining the use of concrete manipulatives in
mathematics instruction found that manipulatives significantly enhance conceptual under-
standing when integrated with structured guidance and explicit instructional goals [12].
This finding aligns with constructivist assumptions that learning occurs most effectively
when learners actively construct meaning rather than passively receive information. Fur-
thermore, research in embodied cognition demonstrates that physical interaction with
learning materials strengthens cognitive processing by linking motor actions to abstract
reasoning [19]. Such evidence supports Piaget’s concepts of assimilation and accommo-
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dation, in which learners integrate new mathematical knowledge into existing cognitive
structures and modify those structures through meaningful engagement [13].

In Grade 3 mathematics, subtraction with and without regrouping requires under-
standing place value relationships, number decomposition, and operational reversibility.
These competencies are developmentally appropriate within the concrete operational stage
but demand structured experiences that render abstract numerical operations visible and
manipulable. Recent empirical studies indicate that interactive and guided worksheets im-
prove learners’ mathematical engagement, retention, and reasoning when they incorporate
visual and tactile elements [20,21]. By integrating coloring, cutting, pasting, and structured
problem-solving tasks, the Interactive Sheets operationalize Piagetian principles, enabling
pupils to manipulate representations of numerical relationships physically and thereby
strengthening conceptual understanding while reducing mathematics anxiety.

2.2. 4D Instructional Design Model

Complementing the cognitive foundation of this study is the 4D model of instructional
development proposed by Thiagarajan, Semmel, and Semmel [22]. The 4D Model (Define,
Design, Develop, and Disseminate) offers a systematic framework for creating instructional
materials that are responsive to learner needs and grounded in empirical validation.

The Define phase emphasizes needs assessment and identification of learning gaps. In
this study, teacher-reported difficulties in multi-digit subtraction informed the prioritization
of instructional objectives. The design phase translates identified needs into structured
content, activity sequencing, and assessment strategies aligned with curriculum standards.
The development phase involves prototyping, expert validation, and iterative refinement
to ensure content accuracy, clarity, and usability. Finally, the dissemination phase focuses
on implementation, feedback collection, and evaluation of instructional effectiveness.

Recent research in instructional design underscores the continued relevance of sys-
tematic development models in producing high-quality, learner-centered materials. In-
structional materials developed using systematic instructional design frameworks tend to
enhance learning outcomes because these models guide the alignment of learning tasks,
feedback, and instructional strategies with targeted competencies [23,24]. In mathematics
education specifically, research indicates that instructional materials developed through
systematic design models are more effective in addressing identified competency gaps
compared to textbook-dependent approaches [25,26].

By applying the 4D model, this study ensures that the interactive sheets are not only
theoretically grounded but also systematically developed, validated, and refined based on
expert and practitioner feedback. The integration of constructivist cognitive theory with
a structured instructional design model strengthens both the pedagogical rationale and
methodological rigor of the study.

2.3. Integrative Theoretical Position

The theoretical framework of this research rests on two complementary foundations.
Constructivist developmental theory explains how learners internalize mathematical con-
cepts through active, concrete engagement. Systematic instructional design theory en-
sures that materials are intentionally engineered, validated, and aligned with curriculum
standards. Together, these perspectives justify the development of technology-aided yet
low-technology interactive sheets as developmentally appropriate, sustainable, and empiri-
cally supported instructional tools for strengthening foundational numeracy among Grade
3 learners.
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3. Methods
3.1. Research Design

This study employed a mixed-methods research design integrating quantitative and
qualitative approaches to provide a comprehensive evaluation of the developed instruc-
tional materials. Mixed-methods research enables the integration of numerical trends
with contextual explanations, thereby strengthening validity through methodological tri-
angulation [27]. The quantitative component focused on descriptive statistical analysis of
survey and validation data, while the qualitative component involved thematic analysis of
evaluator feedback.

The study specifically adopted a developmental research design. Developmental
research is appropriate when the primary objective is the systematic design, validation, and
refinement of educational products grounded in empirical evidence [28]. This approach
ensures that instructional materials are not only theoretically informed but also iteratively
improved through expert evaluation and contextual feedback.

3.2. Developmental Research Design

The development of the interactive sheets followed the Four-D Instructional Design
Model proposed by Thiagarajan, Semmel, and Semmel [20], which consists of four sequen-
tial phases: Define, Design, Develop, and Disseminate.

In the Define phase, a needs assessment survey was administered to Grade 3 math-
ematics teachers to identify the least mastered essential learning competency. Survey
findings indicated that subtraction involving three- to four-digit numbers, with and with-
out regrouping, was perceived as the most difficult competency to teach. This phase
established the instructional focus of the material.

In the design phase, the content structure, task sequencing, layout, and activity com-
ponents of the interactive sheets were conceptualized. All content was aligned with the
Grade 3 Mathematics Most Essential Learning Competencies to ensure curricular coherence
and instructional relevance.

During the Develop phase, the Interactive Sheets were produced using digital design
tools. Each sheet incorporated guided instructions, structured practice sections, and in-
teractive elements such as cut-and-paste visuals to promote active learner engagement.
The draft materials underwent expert validation using the Department of Education’s
Evaluation Rating Sheets for Print Resources. Feedback from validators informed revisions
related to clarity, formatting, presentation, and instructional flow.

In the dissemination phase, the revised materials were shared with participating teach-
ers for final review and documentation. Although large-scale classroom implementation
was beyond the scope of this study, the dissemination process ensured that the materi-
als were accessible to teachers within the district and ready for future pilot testing and
broader utilization.

This integrated developmental process ensured that the instructional materials were
systematically designed, empirically validated, and contextually responsive to class-
room needs.

3.3. Research Locale and Duration

The study was conducted in the Municipality of Alcantara, located in the Province
of Romblon, Philippines, under the Schools Division of Romblon. The district consists of
12 public elementary schools serving diverse learner populations.

Data collection, instructional design, validation, and revision were conducted during
school year 2024 to 2025. This duration provided sufficient time for implementing all
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four phases of the developmental process, including needs assessment, material develop-
ment, expert validation, and revision.

3.4. Participants

The study utilized complete enumeration sampling, in which all eligible Grade 3
mathematics teachers and master teachers within the district were invited to participate.
Complete enumeration is appropriate when the population size is manageable and when
the study seeks comprehensive representation of a defined group [27].

A total of 14 participants were included in the study, consisting of 12 Grade 3 math-
ematics teachers and two master teachers. Eligibility required a minimum of two years
of experience teaching Grade 3 mathematics to ensure familiarity with curriculum stan-
dards and instructional challenges. The same 14 participants served as validators of the
developed instructional materials. Their professional classifications included two master
teachers, six Teacher III, three Teacher II, and three Teacher I. Teaching experience ranged
from 2 to 31 years, with an average of approximately 16.8 years. The breadth of expe-
rience and professional ranks enhanced the credibility and contextual relevance of the
evaluation process.

3.5. Data Collection Instruments and Procedures

Two primary instruments were utilized in this study.

First, a researcher-developed survey questionnaire was administered to identify the
least mastered essential learning competency in Grade 3 mathematics. The instrument
required teachers to rate the perceived difficulty of competencies aligned with the Most
Essential Learning Competencies. The results informed the content focus of the Interactive
Sheets and ensured that the material addressed authentic classroom learning gaps.

Second, the developed instructional materials were evaluated using the Department of
Education’s standardized Evaluation Rating Sheets for Print Resources under the Learning
Resources Management and Development System. The instrument assesses instructional
materials across dimensions such as content accuracy, format and visual design, presen-
tation and organization, and relevance of information. Validators provided quantitative
ratings and qualitative written feedback. The inclusion of both rating scales and open-
ended responses strengthened the evaluation process by capturing measurable assessments
alongside professional insights.

3.6. Data Analysis

Quantitative data from the survey and validation ratings were analyzed using de-
scriptive statistics. The mean was computed to determine the average difficulty rating of
competencies and the overall evaluation scores of the instructional materials. The stan-
dard deviation was calculated to assess variability and determine the degree of agreement
among validators.

Qualitative data from written feedback were analyzed using thematic analysis. Re-
sponses were coded, categorized, and synthesized to identify recurring patterns and
recommendations. Thematic analysis allows systematic identification of themes within
qualitative data while maintaining analytic rigor [29].

All procedures adhered to the quality assurance standards outlined in the Learning
Resources Management and Development System of the Department of Education to ensure
that the instructional materials met established criteria for educational print resources [30].
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4. Results
4.1. Identification of the Most Difficult Competency

The baseline survey revealed that most Grade 3 mathematics competencies were rated
within the “Easy” range (M = 1.42-2.58). However, subtraction involving 3- to 4-digit
numbers with and without regrouping was rated “Difficult” (M = 3.17, SD = 0.72). A total
of 83% of teachers identified this competency as the most difficult to teach (Table 1).

Table 1. Most Difficult Competency Identified by Teachers.

% Identifying as

Competency Mean SD Most Difficult

Interpretation

Subtracts 3- to 4-digit
numbers with and 3.17 0.72 Difficult 83%
without regrouping

4.2. Expert Evaluation of the Interactive Sheets

The interactive sheets were evaluated by experts in terms of content, instructional
design, and other established criteria for instructional materials. Overall, the materials
received very satisfactory ratings across the evaluation criteria. The detailed evaluation
results are presented in the succeeding subsections.

4.2.1. Content

The interactive sheets obtained an overall mean rating of 3.73 (SD = 0.56), interpreted
as Very Satisfactory. The highest mean ratings (M = 3.86) were recorded for curriculum
alignment and absence of bias. The lowest mean rating (M = 3.36, SD = 1.45) was observed
for enhancement of values and traits (Table 2).

Table 2. Expert Evaluation in Terms of Content.

Evaluation Criteria Mean SD Interpretation
Developmentally appropriate 3.79 0.43 Very Satisfactory
Curriculum alignment 3.86 0.36 Very Satisfactory
Higher-order thinking skills 3.79 0.43 Very Satisfactory
Free from bias 3.86 0.36 Very Satisfactory
Enhances values and traits 3.36 1.45 Very Satisfactory
Arouses learner interest 3.79 0.43 Very Satisfactory
Provides safety notes 3.71 0.47 Very Satisfactory
Overall 3.73 0.56 Very Satisfactory

4.2.2. Format

The overall mean for format was 3.79 (SD = 0.40), indicating a Very Satisfactory rating.
Among components, Size and Weight of Resource obtained the highest sub-mean (M =3.93),
while Design and Layout had the lowest sub-mean (M = 3.70) (Table 3).

Table 3. Expert Evaluation in Terms of Format.

Component Mean SD Interpretation
Prints 3.79 0.41 Very Satisfactory
Ilustrations 3.73 0.45 Very Satisfactory
Design and Layout 3.70 0.48 Very Satisfactory
Paper and Binding 3.82 0.39 Very Satisfactory
Size and Weight 3.93 0.27 Very Satisfactory
Overall 3.79 0.40 Very Satisfactory
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4.2.3. Presentation and Organization

The overall mean score for presentation and organization was 3.80 (SD = 0.40), corre-
sponding to Very Satisfactory. Logical flow of ideas received the highest rating (M = 3.93),
while vocabulary appropriateness received the lowest rating (M = 3.71) (Table 4).

Table 4. Expert Evaluation in Terms of Presentation and Organization.

Component Mean SD Interpretation
Engaging presentation 3.79 0.43 Very Satisfactory
Logical flow of ideas 3.93 0.27 Very Satisfactory
Appropriate vocabulary 3.71 0.47 Very Satisfactory
Sentence length suitability 3.79 0.43 Very Satisfactory
Varied sentence structure 3.79 0.43 Very Satisfactory
Overall 3.80 0.40 Very Satisfactory

4.2.4. Accuracy and Up-to-Datedness

The materials achieved an overall mean of 3.81 (SD = 0.39), interpreted as Not Present
for all identified errors. Conceptual errors received the highest mean (M = 3.93), while
computational errors and obsolete information received the lowest means (M = 3.71)
(Table 5).

Table 5. Expert Evaluation in Terms of Accuracy and Up-to-datedness.

Component Mean SD Interpretation
Conceptual errors 3.93 0.27 Not Present
Factual errors 3.86 0.36 Not Present
Grammatical errors 3.79 0.43 Not Present
Computational errors 3.71 0.47 Not Present
Obsolete information 3.71 0.47 Not Present
Typographical errors 3.86 0.36 Not Present
Overall 3.81 0.39 Not Present

4.3. Thematic Analysis of Expert Feedback

Thematic analysis of expert feedback identified three themes highlighting the strengths
of the instructional materials: Content Relevance and Usefulness, Design and Practical
Features, and Engagement and Creativity (Table 6). Experts noted that the materials
effectively support the learning needs of Grade 3 pupils and can be utilized by both
teachers and learners. The comments also emphasized the visual appeal and portability
of the materials, indicating their practicality for classroom and home use. Additionally,
experts highlighted that the activities are engaging and original, suggesting their potential
to motivate learners during instruction.

Table 6. Thematic Analysis of Expert Comments on the Interactive Math Sheets.

Theme Frequency Extracted Statements

“Effectively supports the learning needs
2 of Grade 3 pupils”; “Can be used by both
teachers and pupils.”

Content Relevance and
Usefulness

Design and Practical “Visually appealing” and “convenient for
Features pupils to bring at home and school.”

“Encourages engagement while learning”;

E t and tivit 2 . . . . P
ngagement and Creativity “Activities are original and unique.
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Expert suggestions for improvement were grouped into three themes: Inclusive and
Culturally Relevant Design, Values Integration in Content, and Visual and Formatting
Preferences (Table 7). Most suggestions focused on improving inclusivity and formatting
elements, such as adding culturally familiar examples, simplifying language, adjusting font
style and size, and modifying illustrations. Some experts also recommended integrating
values in word problems and organizing tasks progressively from easy to difficult.

Table 7. Thematic Analysis of Expert Recommendations on the Interactive Math Sheets.

Theme Frequency Extracted Statements

“Feature a female student on the cover
Inclusive and Culturally page.” “Use local fruits like mangga,
Relevant Design guava, and calamansi.” “Use simpler
words.” “Use clear number sentences.”

“Word problems should reflect positive
2 traits such as helpfulness”; “Activities
should progress from easy to difficult.”

Values Integration in
Content

“Replace the basket with a nest and the
Visual and Formatting circle with an egg.” “Use font size 14.”
Preferences “Use Century Gothic or Comic Sans.”
“Scramble the choices.”

5. Discussion

The findings indicate that multi-digit subtraction with regrouping remains a signif-
icant instructional challenge in Grade 3 mathematics. The large proportion of teachers
(83%) identifying this competency as difficult suggests that the issue is not isolated but
rather reflects a broader instructional concern. The strong validation results of the material
also indicate that the materials are well aligned with curricular objectives and pedagog-
ical standards. Experts rated the content, format, and organization as very satisfactory,
suggesting that the materials effectively support instructional delivery. Structured and
well-sequenced instructional materials have been shown to enhance mathematics learning
by scaffolding cognitive processes and reducing learner confusion [31,32]. When learn-
ing materials present concepts in a clear and logical sequence, students are better able to
integrate conceptual knowledge with procedural steps.

The high ratings for format and usability also highlight the importance of visual
clarity and accessible design in instructional materials. Research in cognitive load theory
suggests that well-organized visual layouts and readable formats help reduce extraneous
cognitive load, allowing learners to focus on understanding mathematical concepts rather
than decoding instructional materials [33]. In elementary mathematics instruction, visual
supports and simplified representations have been found to improve comprehension and
reduce computational errors [34].

Although the indicator related to values integration received slightly lower ratings,
it remained within the Very Satisfactory category. This finding suggests that while the
instructional materials effectively address cognitive learning outcomes, there may be
opportunities to strengthen the integration of character-building components. Recent
studies emphasize that embedding contextualized and values-oriented tasks in instructional
materials can enhance both cognitive engagement and socio-emotional development among
learners. A systematic review of contextualized instructional materials in Philippine
education reported that lessons aligned with learners’ cultural backgrounds, local contexts,
and real-life experiences significantly improve knowledge acquisition, comprehension,
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participation, and academic performance, while also promoting stronger motivation and
long-term knowledge retention [35].

The qualitative feedback further supports the quantitative findings by highlighting
the importance of inclusivity, cultural relevance, and learner-centered design. Experts
recommended incorporating culturally familiar contexts and inclusive representations in
the materials. Previous studies indicate that culturally responsive instructional materials
increase learner motivation and improve conceptual understanding by connecting concepts
to students’ everyday experiences [36,37].

Overall, the convergence of baseline survey results and expert validation demonstrates
that the developed interactive sheets address a clearly identified instructional need. By
focusing on a difficult competency and applying evidence-based instructional design
principles, the materials show strong potential to support teachers and improve learner
performance in subtraction with regrouping.

6. Conclusions

This study developed and validated technology-aided interactive sheets designed to
support the teaching of subtraction involving three- to four-digit numbers with and without
regrouping in Grade 3 mathematics. Findings revealed that this competency remains a
significant instructional challenge, with the majority of teachers identifying it as the most
difficult concept to teach, largely due to learners’ limited conceptual understanding of
place value and reliance on procedural strategies. The developed instructional materials
received high validation ratings across content accuracy, format and visual design, pre-
sentation and organization, and accuracy of information, indicating that the Interactive
Sheets are developmentally appropriate, curriculum-aligned, and pedagogically sound
for classroom use. Expert feedback further emphasized the materials’ practicality, visual
appeal, and potential to increase learner engagement through interactive activities such as
coloring, cutting, and organizing numerical representations. Grounded in constructivist
learning theory and systematically developed through the 4D instructional design model,
the materials demonstrate how structured and developmentally responsive instructional
resources can address identified competency gaps in elementary mathematics. Moreover,
the combination of technology-aided design and low-technology classroom implemen-
tation offers a sustainable and scalable approach to instructional material development,
particularly in resource-constrained educational contexts. Overall, the study highlights
the potential of systematically designed instructional materials to support teachers, en-
hance learner engagement, and strengthen foundational numeracy in primary education,
while providing a foundation for future research examining their effectiveness through
classroom-based implementation.
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