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Abstract— Numeracy is an important foundation for students’ subsequent mathematical learning. This study aimed
to develop student worksheets based on the hierarchical organization of mathematical content to support numeracy
learning in Phase A primary school. The worksheets were developed using the 4-D model, consisting of Define,
Design, Develop, and Disseminate stages. The developed product consisted of seven student worksheets covering
number representation, place value, comparison and ordering of numbers, addition, subtraction, basic fractions,
and non-number patterns. The validity of the worksheets was evaluated by six validators, consisting of four
university lecturers and two elementary school teachers. Data were collected using a validation questionnaire
consisting of 25 indicators covering structure and organization, content, language, and presentation and display.
The data were analyzed using Aiken’s V coefficient. The results showed that the Aiken’s V coefficients ranged from
0.79 to 1.00, with an overall mean of 0.89. The mean coefficients were 0.94 for structure and organization, 0.88
for content, 0.83 for language, and 0.90 for presentation and display. Revisions were made based on the validators’
comments and suggestions. These results indicate that the developed student worksheets are valid as a learning
resource for supporting numeracy learning through the hierarchical organization of mathematical content. Further
research is needed to examine the practicality and effectiveness of the worksheets in classroom learning..
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I. Introduction

Numeracy is a fundamental component of mathematics education because it enables students to use
mathematical knowledge to reason about quantities, interpret information, solve problems, and make decisions
in meaningful contexts. For primary school students, the development of numeracy is particularly important
because early mathematical skills provide a foundation for subsequent mathematical learning. Research has
indicated that early numerical skills are associated with later mathematical achievement, highlighting the
importance of supporting students’ mathematical development from the beginning of formal schooling (Devlin
et al., 2022; Ruiz et al., 2024). Therefore, primary mathematics learning needs to provide students with
opportunities not only to perform mathematical procedures but also to develop connected and meaningful
understandings of mathematical concepts.

Mathematical knowledge is not composed of isolated concepts; rather, concepts are interconnected, and
some concepts provide important foundations for learning subsequent concepts. Such connections can be
described through prerequisite relationships, in which a learner needs to study one concept before approaching
another (Kirillovich et al., 2021). Recognizing these relationships is important because students’ understanding
of prior mathematical knowledge can provide a foundation for engaging with subsequent mathematical content.
Thus, attention to the relationships among mathematical concepts is relevant when organizing mathematical
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content for instruction, particularly at the primary school level, where students are developing foundational
mathematical knowledge.

Student worksheets provide a practical means of translating mathematical content into structured learning
activities that students can engage with directly. In primary mathematics education, some previous development
studies have designed student worksheets around particular pedagogical approaches, such as Realistic
Mathematics Education and contextual teaching and learning (Monika & Ramadan, 2022; Rijal et al., 2024).
These studies illustrate how worksheets can be designed not merely as collections of exercises, but as structured
learning resources that guide students through mathematical activities. This characteristic makes student
worksheets a relevant medium for implementing a deliberate organization of mathematical content and its
prerequisite relationships.

Although prerequisite knowledge has been incorporated into some mathematics worksheet designs, its role
has generally been addressed in relation to the learning of a particular mathematical topic. For example, Sariyani
et al. (2021) developed a student worksheet for straight-line equations by incorporating structured prerequisite
material to support students’ learning of the target topic. At the curriculum level, other research has emphasized
the importance of systematically sequencing mathematical concepts by considering students’ assumed prior
knowledge and conceptual relationships among topics (Chinofunga et al., 2022). However, these perspectives
leave room to further explore how prerequisite—extension relationships can be used as an organizing principle
across related mathematical contents and subsequently translated into the structure of primary school student
worksheets. This issue is particularly relevant for early mathematics, where foundational concepts are developed
across interconnected content strands.

To address this design issue, the present study develops student worksheets based on a hierarchical
organization of mathematical content. In this study, hierarchical organization refers to the arrangement of
mathematical content according to meaningful prerequisite—extension relationships among concepts. It does not
imply that all mathematical topics must follow a single linear sequence from easy to difficult. Rather, where a
prerequisite relationship exists, foundational content is positioned to support subsequent content, while
relatively independent content strands are organized according to their own internal progression. This approach
is intended to make relationships among mathematical concepts more explicit within the learning activities
provided in the student worksheets.

The developed product consists of seven student worksheets designed based on the Learning Outcomes
(Capaian Pembelajaran) for Phase A of the Indonesian primary mathematics curriculum. Six worksheets address
the Numbers element, covering number representation, place value and number composition and
decomposition, comparison and ordering of numbers, addition, subtraction, and basic fractions. The seventh
worksheet addresses the Algebra element through non-number patterns. These contents were selected from the
Phase A learning outcomes and subsequently organized by considering meaningful prerequisite—extension
relationships among related mathematical concepts. The worksheets present the content through contextual
situations and structured activities, allowing students to engage with mathematical ideas progressively while
maintaining distinct content strands where direct prerequisite relationships are not evident.

Therefore, this study aims to develop student worksheets based on the hierarchical organization of
mathematical content to support numeracy learning among Phase A primary school students. The worksheets
were developed using the 4-D model, consisting of the define, design, develop, and disseminate stages. The
present study focuses on the development and content validation of the worksheets, particularly in terms of their
structure and organization, content, language, and presentation. By incorporating meaningful prerequisite—
extension relationships into the organization of mathematical content, this study seeks to contribute a design
perspective for developing primary mathematics learning resources that support students in building connected
mathematical understanding.

II. Literature Review

A. Numeracy Learning in Primary Mathematics

Numeracy refers to the capacity to use mathematical knowledge and reasoning to understand and respond
to situations involving mathematics. It extends beyond the ability to perform calculations, as mathematically
literate individuals are expected to formulate, employ, and interpret mathematics in a variety of contexts. This
includes using mathematical concepts, procedures, facts, and tools to describe, explain, and solve problems, as
well as reasoning about mathematical information and evaluating the reasonableness of outcomes (OECD,
2023). From this perspective, numeracy learning involves developing students’ capacity to use mathematics
meaningfully rather than focusing exclusively on the mastery of isolated procedures.

In the early years of formal schooling, numeracy encompasses a range of foundational mathematical skills
that support children’s engagement with subsequent mathematical learning. Speyer et al. (2024) describe early
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numeracy as an important area of mathematical development in children up to eight years of age and emphasize
the need for valid measures to assess its different components. Similarly, Ruiz et al. (2024), through a systematic
review and meta-analysis of 54 longitudinal studies involving 13,453 participants, found significant positive
associations between domain-specific numeracy skills assessed at the beginning of formal schooling and later
mathematics achievement during the primary school years. However, the strength of these associations varied
across studies and measures, indicating that early numeracy is multidimensional and that no single domain-
specific skill can be considered a definitive predictor of later mathematical achievement.

Numeracy learning in primary school therefore needs to provide opportunities for students to develop
foundational mathematical knowledge while using that knowledge in meaningful situations. Students need to
engage with mathematical concepts, representations, relationships, and problem situations in ways that allow
them to connect existing knowledge with new mathematical ideas. This consideration is particularly relevant in
the early grades, where foundational concepts in number, operations, fractions, and patterns are introduced and
developed. Consequently, attention to how mathematical content is organized can contribute to learning
experiences that help students build connected mathematical understanding.

B. Prerequisite Relationships and the Organization of Mathematical Content

Mathematical knowledge is interconnected, with some concepts providing foundations for understanding
subsequent concepts. These connections can be described through prerequisite relationships, in which one
concept is considered a prerequisite for another when learners need to acquire the former before approaching
the latter (Kirillovich et al., 2021). Prerequisite relationships therefore represent dependencies among
mathematical concepts and provide a basis for examining how mathematical knowledge can be organized in
relation to what learners need to know before engaging with subsequent content.

The relevance of prior mathematical knowledge to subsequent learning is also supported by empirical
research. Geary et al. (2017), through an eight-year longitudinal study, found that domain-specific mathematical
knowledge contributed to subsequent mathematics achievement, with the influence of specific mathematical
competencies changing across development. More directly, Alreshidi (2023) found that enhancing students’
topic-specific prior mathematical knowledge before introducing new topics improved several aspects of their
subsequent mathematics performance. These findings suggest that previously acquired mathematical knowledge
is not merely a record of what students have learned but can serve as a foundation for engaging with new
mathematical content.

The role of prerequisite knowledge has implications for the sequencing of mathematical content. Content
sequencing involves determining how mathematical concepts are ordered so that relevant prior knowledge can
support subsequent learning. Chinofunga et al. (2022) proposed a framework for systematically sequencing
mathematics concepts by considering students’ assumed prior knowledge and identifying conceptual
relationships across levels of mathematical knowledge. From this perspective, sequencing is not simply a matter
of arranging topics from easy to difficult; rather, it involves considering the conceptual dependencies and
knowledge needed to support students’ movement toward subsequent mathematical content.

For primary mathematics, this perspective suggests that mathematical content can be organized according
to meaningful prerequisite—extension relationships while recognizing that not all content strands are directly
dependent on one another. Related concepts may therefore be arranged hierarchically when a meaningful
prerequisite relationship exists, whereas relatively independent strands can follow their own internal
progression. Such an organization provides a basis for making conceptual dependencies more explicit in
learning resources and, in particular, for translating relationships among mathematical concepts into the
structure of student learning activities.

C. Student Worksheets in Primary Mathematics Learning

Student worksheets can function as structured learning resources that guide students through learning
activities and provide opportunities to engage directly with mathematical concepts. In mathematics learning, a
worksheet can organize instructions, representations, questions, and activities into a sequence that supports
students’ engagement with the content. Thus, a student worksheet is not merely a collection of exercises but can
serve as a learning resource through which particular instructional principles are translated into concrete
activities for students.

In primary mathematics education, previous development studies have demonstrated that student
worksheets can be designed to incorporate specific pedagogical approaches and learning objectives. For
example, Andeswari et al. (2021) developed a mathematics student worksheet based on Problem-Based
Learning for Grade IV elementary school students, with the development focusing on the feasibility of the
worksheet as a learning resource. Similarly, Anawati et al. (2024) developed an ethnomathematics-based
mathematics worksheet for Grade IV students and examined its quality through expert validation and student
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responses. These studies illustrate that the design of student worksheets can integrate particular learning
principles into the organization of mathematical activities rather than treating worksheets solely as
supplementary practice materials.

The pedagogical orientation embedded in a worksheet consequently influences how mathematical content
is selected, presented, and organized for students. Existing studies have explored worksheet development
through approaches such as problem-based learning and ethnomathematics, demonstrating that worksheets can
be deliberately structured to support particular learning processes and objectives. However, relatively less
attention has been given to the organization of mathematical content itself as a basis for structuring worksheet
activities, particularly through meaningful prerequisite—extension relationships among mathematical concepts.
This perspective opens an opportunity to consider the organization of mathematical content as an additional
design principle for developing student worksheets in primary mathematics learning.

D. Hierarchical Organization as a Design Principle for Student Worksheets

The organization of mathematical content can be informed by the relationships among concepts that
students are expected to learn. When a mathematical concept provides an important foundation for
understanding another concept, the two concepts can be organized according to a prerequisite—extension
relationship. A prerequisite relationship refers to a condition in which a learner needs to study one concept
before approaching another concept (Kirillovich et al., 2021). From this perspective, hierarchical organization
refers to arranging mathematical content based on meaningful conceptual dependencies rather than simply
ordering topics according to increasing difficulty. Such an organization can occur across related concepts as
well as within a particular content strand, depending on the nature of the mathematical relationships involved.

This perspective should be distinguished from the concept of learning progression. Learning progression
research primarily concerns how students’ mathematical understanding develops over time, including changes
in the sophistication of students’ thinking, and requires conceptual and empirical support to establish
developmental pathways (Fonger et al., 2018; Graf et al., 2021). In contrast, the hierarchical organization used
in the present study refers to a design decision concerning the organization of mathematical content in a learning
resource. It identifies relevant prerequisite—extension relationships among content and uses these relationships
to inform the order and structure of learning activities, without assuming that all content forms a single linear
developmental pathway.

The use of hierarchical content in primary mathematics has also been explored in assessment development.
Putri et al. (2025) developed a numeracy test based on hierarchical content for Phase A in the Numbers and
Algebra element and identified five hierarchical content areas represented in the developed test items. The study
was designed to provide information about students’ numeracy proficiency while also identifying prerequisite
content that had not yet been mastered. This work demonstrates the potential of hierarchical content for making
relationships among mathematical content more explicit in the context of numeracy assessment.

Building on this perspective, the present study extends the use of hierarchical content from assessment
design to the design of student learning resources. In the developed worksheets, prerequisite—extension
relationships are used to inform the organization of mathematical activities. For example, within the Numbers
strand, activities related to number representation and place value provide a foundation for subsequent activities
involving the comparison and ordering of numbers. In contrast, content strands without an explicit prerequisite
relationship are not forced into a single sequence but are organized according to their own internal mathematical
progression. Hierarchical organization is therefore used in this study as a design principle for structuring student
worksheets so that meaningful relationships among mathematical concepts become visible within students’
learning activities.

II1. Methods

A. Research Design

This study employed a research and development (R&D) design to develop a student worksheet based on
the hierarchical organization of mathematical content for numeracy learning in Phase A of primary school. The
development procedure adopted the 4-D model proposed by Thiagarajan et al. (1974), consisting of four stages:
Define, Design, Develop, and Disseminate. The model was selected to provide a systematic procedure for
identifying learning needs, designing the learning resource, developing and validating the product, and
disseminating the developed student worksheets. The development in this study focused on producing and
validating the student worksheets. Therefore, the study did not include formal testing of the practicality or
effectiveness of the developed product.
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B. Development Procedures
1. Define

The Define stage was conducted to identify the learning needs, learner characteristics, mathematical
content, and learning objectives that served as the basis for developing the student worksheets. This stage
consisted of initial analysis, learner analysis, task analysis, concept analysis, and formulation of learning
objectives.

The initial analysis examined the conditions of numeracy learning and the learning resources used in Phase
A. The learner analysis considered the characteristics of primary school students and the need for contextual
and visual representations in learning activities. The task analysis focused on the learning outcomes of Phase A
mathematics, particularly the Numbers and Algebra elements. The selected contents included whole numbers
up to 100, place value, comparison and ordering of numbers, addition and subtraction, basic fractions, and non-
number patterns.

The concept analysis focused on identifying meaningful relationships among mathematical concepts.
Concepts with prerequisite relationships were organized sequentially so that foundational knowledge could
support subsequent concepts. For example, number representation was positioned before place value, while
place value provided a foundation for comparing and ordering numbers. At the same time, content strands
without a direct prerequisite relationship were organized according to their respective internal conceptual
relationships. This analysis resulted in the selection of seven student worksheets covering number
representation; place value, decomposition, and composition; comparison and ordering of numbers; addition;
subtraction; basic fractions; and non-number patterns.

Finally, the learning objectives were formulated based on the selected mathematical contents and the
expected learning outcomes. The objectives included reading and writing numbers up to 100, understanding
place value and number composition and decomposition, comparing and ordering numbers, performing addition
and subtraction within 20, understanding basic fractions, and recognizing, imitating, and extending non-number
patterns.

2. Design

The Design stage translated the results of the Define stage into the structure, content, activities, and visual
format of the student worksheets. The mathematical contents were organized according to meaningful
prerequisite—extension relationships, rather than being arranged merely from easy to difficult.

Within the Numbers strand, activities involving number representation were positioned as a foundation for
place value, decomposition, and composition, which subsequently supported activities involving comparison
and ordering of numbers. Addition and subtraction were treated as related but relatively independent content
strands. Basic fractions and non-number patterns were organized according to their respective internal
conceptual relationships.

Based on this organization, seven student worksheets were designed for Phase A mathematics. Each
worksheet consisted of learning objectives, contextual mathematical content, learning activities or exercises,
and reflection activities. The worksheets also incorporated contextual illustrations and visual representations to
support students' engagement with the mathematical concepts. The initial product was therefore designed not
only to present mathematical content but also to translate the identified conceptual relationships into structured
student activities.

3. Develop

The Develop stage focused on producing the initial student worksheets and evaluating their validity through
expert and practitioner validation. The initial product consisted of seven student worksheets, each containing a
cover, learning objectives, contextual illustrated content, learning activities, exercises, and reflection. The
introductory material was presented using visual narratives, while the exercises were presented in a worksheet
format to maintain readability.

The product was evaluated by six validators, consisting of four university lecturers as expert validators and
two elementary school teachers as practitioner validators. The validation focused on four aspects: structure and
organization, content, language, and presentation and display. The validation instrument comprised 25
indicators distributed across these four aspects.

The validators assessed each indicator using a five-point rating scale, ranging from 1 (lowest rating) to 5
(highest rating). The use of the five-point scale is reflected in the validation data, in whichthe ratings assigned
by the six validators predominantly fell within the upper part of the scale (mostly 4 and 5), with a small number
of ratings of 3 recorded on individual language indicators, consistent with the minimum Aiken's V of 0.79
obtained in that aspect. Following the validation process, revisions were made based on the validators'
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comments and suggestions. The revisions included improvements to wording and instructions, contextual
illustrations, question formats, and the consistency of the visual layout.

4. Disseminate

The Disseminate stage was conducted through a community service activity in which the developed student
worksheets were introduced and presented to participants. The dissemination focused on introducing the
rationale underlying the hierarchical organization of mathematical content, the structure of the student
worksheets, and examples of the learning activities contained in the product.

The dissemination activity functioned as an initial means of introducing the developed product and
obtaining responses concerning its potential use in primary numeracy learning. It was not conducted as a formal
practicality or effectiveness test. Formal testing of the practicality and effectiveness of the student worksheets
was therefore left for subsequent research.

C. Validation Participants and Instrument

The validation panel consisted of six validators purposively selected to obtain balanced theoretical and
practical expertise relevant to primary mathematics education. Four validators were university lecturers with
formal academic qualifications in mathematics or mathematics education (holding either a Master's or Doctoral
degree) and at least five years of teaching experience in teacher education programs. The remaining two
validators were elementary school teachers with a minimum of five years of teaching experience in Phase A of
the Indonesian primary curriculum and demonstrated involvement in curriculum development or teacher-
training activities at the school level. This composition was intended to ensure that the validation process
reflected both academic rigor and classroom authenticity. The panel size of six validators is consistent with
content-validity practices in educational instrument development, which commonly recommend a minimum of
five to ten expert reviewers to obtain stable content-validity estimates (Aiken, 1985; Speyer et al., 2024).

The validation instrument was developed to evaluate the quality of the student worksheets across four
aspects: structure and organization, content, language, and presentation and display. The instrument was
constructed through a systematic three-step procedure. First, indicators were derived from established guidelines
on the development of educational learning materials and adapted to the specific characteristics of hierarchically
organized numeracy resources. Second, the initial pool of indicators was reviewed by two experts in educational
assessment who were not part of the validation panel; their feedback led to minor adjustments in wording, the
elimination of redundant items, and the sharpening of indicator definitions to improve clarity and mutual
exclusiveness. Third, the revised instrument was pilot-tested with one expert lecturer prior to full deployment
to confirm that all indicators were comprehensible and applicable to the developed worksheets, following which
the final version consisting of 25 indicators was established.

The 25 indicators were distributed across the four aspects as follows. The Structure and Organization aspect
(6 indicators) assessed the clarity of learning objectives, the alignment between activities and learning outcomes,
the systematic arrangement of learning activities, the clarity of instructions, the internal coherence of each
worksheet, and the appropriateness of the hierarchical organization of the mathematical content. The Content
aspect (7 indicators) assessed the accuracy of mathematical concepts, the alignment with Phase A learning
outcomes, the proportionality of main and supporting concepts, the developmental appropriateness for Phase A
students, the use of relevant contextual examples, the support provided for hierarchical relationships among
concepts, and the organization of knowledge from foundational to more advanced content. The Language aspect
(6 indicators) assessed the clarity and simplicity of the language used, the appropriateness of vocabulary for
Phase A students, the readability of instructions and questions, the consistency of terminology, the use of
communicative language, and spelling, punctuation, and grammatical accuracy. The Presentation and Display
aspect (6 indicators) assessed the layout organization, the readability of the font, the clarity of images and
diagrams, the consistency of colors and visual design, the overall attractiveness of the worksheets, and the
application of visual hierarchy to support engagement with the mathematical content.

The validation procedure was conducted in a structured manner over a two-week period. Each validator
received (a) the seven developed student worksheets in printed form, (b) the validation instrument containing
the 25 indicators, (c) a standardized rating scale ranging from 1 (very poor) to 5 (excellent), and (d) written
instructions clarifying the meaning of each rating level and requesting independent judgment. Validators were
asked to review the worksheets individually and to record both quantitative ratings for each indicator and
qualitative comments regarding strengths, weaknesses, and suggestions for improvement. All validators
provided informed consent before participating, and their identities were kept confidential during the analysis.
The completed instruments were returned electronically or in person, after which the quantitative ratings were
compiled for Aiken's V computation and the qualitative comments were systematically organized to inform the
subsequent revision stage of the developed worksheets.
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D. Data Analysis

The validity of the student worksheets was analyzed using Aiken's V coefficient (Aiken, 1985). This
coefficient was selected because it is specifically designed to quantify the degree of content-related agreement
among a panel of validators regarding each individual indicator, providing a stable content-validity estimate
even with a small number of validators. Aiken's V was calculated using the formula V =ZXs / [n(c — 1)], where
s =1 — lo, r denotes the rating assigned by each validator, lo denotes the lowest possible rating, ¢ denotes the
highest possible rating, and n denotes the number of validators. In this study, the validation instrument used a
five-point rating scale ranging from 1 to 5 and involved six validators; therefore, lo=1, ¢ =5, and n = 6, yielding
a denominator of 24 for each indicator. The resulting Aiken's V coefficients were interpreted using the following
validity criteria: V < 0.40 was categorized as less valid, 0.40 <V < 0.80 as valid, and V > 0.80 as very valid. In
addition to the quantitative validity analysis, the comments and suggestions provided by the validators were
analyzed descriptively and used as the basis for revising the student worksheets. The final product was therefore
established through the combination of quantitative validity evidence and qualitative feedback from the
validators.

IV. Results and Discussion

A. Research Results
1. Development of the Student Worksheets

The development process produced seven student worksheets based on the hierarchical organization of
mathematical content for numeracy learning in Phase A of primary school. The worksheets were developed
using the four stages of the 4-D model: Define, Design, Develop, and Disseminate. At the Define stage, the
development process began with an analysis of learning needs, learner characteristics, learning tasks,
mathematical concepts, and learning objectives. The analysis focused on the Numbers and Algebra elements of
Phase A. The selected mathematical contents included number representation, place value and number
composition and decomposition, comparison and ordering of numbers, addition, subtraction, basic fractions,
and non-number patterns.

The concept analysis was used to identify meaningful relationships among mathematical contents. Within
related contents, prerequisite—extension relationships were considered in determining the organization of the
learning activities. For example, activities involving number representation were positioned before activities
involving place value, decomposition, and composition, while place value provided a foundation for activities
involving comparison and ordering of numbers. Contents without a direct prerequisite relationship were
organized according to their respective internal conceptual relationships.

At the Design stage, the results of the analysis were translated into the structure and visual design of seven
student worksheets. Each worksheet was developed around a contextual theme and included learning objectives,
contextual mathematical content, learning activities or exercises, and reflection activities. The worksheets also
incorporated visual illustrations and contextual situations intended to support students' engagement with the
mathematical content. The seven worksheets covered the following contents.

Table 1. The Developed Student Worksheets

Worksheet Mathematical Content Contextual Theme
1 Reading and writing numbers up to 100 My School
2 Place value, decomposition, and composition Traditional Market
3 Comparing and ordering numbers Playground
4 Addition up to 20 Fruit Garden
5 Subtraction up to 20 My Garden
6 Basic fractions Sharing Food
7 Non-number patterns Children's Games at School

At the Develop stage, the seven initial worksheets were produced. Each worksheet contained a cover,
learning objectives, contextual illustrated material, learning activities or exercises, and reflection activities. The
introductory sections used visual narratives resembling comic panels, while the exercises were presented in a
relatively simple worksheet format to maintain readability. Figure 1 presents an overview of the seven student
worksheets developed for Phase A mathematics learning.
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Figure 1. Overview of the Developed Student Worksheets

The worksheets were organized around different mathematical contents and contextual themes while
maintaining a consistent overall visual structure. The organization of the worksheets reflected different types of
mathematical relationships. Worksheets 1-3 addressed related number concepts, progressing from number
representation to place value, composition and decomposition, and subsequently to comparison and ordering.
Worksheets 4 and 5 addressed addition and subtraction as related but relatively independent operations.
Worksheet 6 addressed basic fractions through activities involving whole quantities, equal partitioning, and
fractional representation, while Worksheet 7 addressed non-number patterns through activities involving
recognition, imitation, continuation, and creation of patterns.

At the Disseminate stage, the developed worksheets were introduced through a community service activity.
The activity presented the rationale for the hierarchical organization of mathematical content, the structure of
the worksheets, and examples of learning activities contained in the product. The dissemination served as an
introduction to the developed product and an opportunity to obtain initial responses regarding its potential use
in primary numeracy learning. It was not conducted as a formal practicality or effectiveness test.

2. Validation Result

The developed student worksheets were evaluated by six validators, consisting of four university lecturers
as expert validators and two elementary school teachers as practitioner validators. The validation instrument
comprised 25 indicators distributed across four aspects: structure and organization, content, language, and
presentation and display. The validators assessed the indicators using a five-point rating scale ranging from 1
to 5. The validation process covered the quality and suitability of the developed worksheets in terms of their
organization, mathematical content, language, and visual presentation. The Aiken's V coefficients obtained
across the 25 indicators ranged from 0.79 to 1.00, with an overall mean of 0.89. The results for each validation
aspect are presented in Table 2.

Table 2. Summary of Student Worksheet Validation Results

Validation Aspect Number of Indicators Aiken's V Range Mean
Structure and Organization 6 0.86-1.00 0.94
Content 7 0.83-0.92 0.88
Language 6 0.79-0.88 0.83
Presentation and Display 6 0.88-0.92 0.90
Overall 25 0.79-1.00 0.89
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The Structure and Organization aspect obtained the highest mean Aiken's V coefficient, at 0.94. The
individual indicators ranged from 0.86 to 1.00. The highest coefficients were obtained for the clarity of learning
objectives and the clarity and conciseness of instructions, both with a coefficient of 1.00. The Content aspect
obtained a mean coefficient of 0.88, with individual coefficients ranging from 0.83 to 0.92. The assessed
indicators included alignment with learning outcomes, proportionality of main and supporting concepts,
developmental appropriateness, contextual examples, support for hierarchical relationships among concepts,
conceptual accuracy, and the organization of knowledge from foundational to more advanced content. The
Language aspect obtained a mean coefficient of 0.83, the lowest among the four aspects. Its individual
coefficients ranged from 0.79 to 0.88. The coefficient of 0.79 was obtained for the indicator concerning spelling,
punctuation, and grammatical accuracy. Based on the validity criteria adopted in the study, this indicator falls
within the valid category, whereas coefficients of 0.80 or higher fall within the very valid category. The
Presentation and Display aspect obtained a mean coefficient of 0.90, with individual coefficients ranging from
0.88 to 0.92. The indicators covered layout organization, font readability, clarity of images and diagrams,
consistency of colors and design, attractiveness, and the application of visual hierarchy. Overall, the developed
student worksheets obtained an Aiken's V mean of 0.89, indicating a high level of validity across the evaluated
aspects. The validation results were subsequently used as the basis for revising the worksheets.

3. Revisions Based on Validator Feedback

Following the validation process, several components of the student worksheets were revised based on the
comments and suggestions provided by the validators. The revisions addressed both content presentation and
visual design, including the font, illustrations, color contrast, contextualization, question wording, question
format, and consistency of the worksheet layout. The revision document specifically records changes made after
expert validation, including adjustment of the font size from 13 to 14, improvement of image clarity and color
contrast, and addition of a concept map.

Table 3. Revisions to the Student Worksheets Based on Validator Feedback

No. Component Revised Revision Made
1 Cover The relevant curriculum element was added to the cover to clarify the
content represented in the worksheet.
2 Visual design Font size and type, background color, and color contrast were adjusted
to improve readability and visual consistency.
3 Question wording and Inconsistent forms of instructions were revised and standardized across
instructions the worksheets.
4  Contextualization Several learning contexts and question narratives were revised to make
them more relevant to students' everyday experiences.
5 Question format and Several question formats were revised, image sizes were adjusted, and
illustrations inappropriate answer options were corrected.
6  Visual consistency Background designs used for subheadings were standardized across the

seven worksheets.

The revision records provide examples of these changes. For example, the cover was revised to include the
relevant curriculum element, the color scheme of one worksheet was adjusted, and a context concerning the sale
of office supplies was replaced with a traditional-market context. Other revisions involved question wording,
contextual narratives, image sizes, answer options, and the consistency of background designs across the
worksheets.
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(c) Layout and visual revision
Figure 2. Examples of Revisions to the Student Worksheets Based on Validator Feedback

B. Discussion
1. Hierarchical Organization of Mathematical Content

The findings demonstrate that hierarchical organization can be operationalized as a design principle for
structuring mathematical learning activities rather than as a requirement to arrange all mathematical topics in a
single linear sequence. In the developed worksheets, the strongest cross-worksheet relationship was found
within the number strand, in which number representation preceded place value, composition and
decomposition, and comparison and ordering. This arrangement reflects the broader principle of curricular
coherence, in which mathematical learning is organized so that students can progress from foundational
knowledge toward increasingly connected and abstract understandings (OECD, 2024).

The importance of such organization is also supported by recent research on prior mathematical knowledge.
Cook et al. (2024), for example, showed that the effects of instruction in mathematical equivalence varied
according to students' prior knowledge and the strategies they had developed before instruction. Similarly,
Boomgaarden et al. (2024) reported that students' existing knowledge can influence how they benefit from
subsequent instructional support. These findings support the rationale for making relationships between
foundational and subsequent mathematical content explicit in learning resources, although they do not imply
that every mathematical topic must follow one predetermined sequence.

The present product also demonstrates why hierarchical organization should not be interpreted simply as
arranging content from easy to difficult. Worksheets addressing addition and subtraction were treated as related
but relatively independent strands, while fractions and non-number patterns were organized according to their
own internal relationships. This design recognizes that mathematical curricula contain multiple conceptual
pathways rather than one universal hierarchy. The 2024 OECD report similarly emphasizes the importance of
coherent sequences while recognizing progression from concrete to abstract understanding and connections
among mathematical ideas.

The use of visual and structural representations also supports this organization. Recent work by Chinofunga
et al. (2025) indicates that visual resources can help learners organize and connect mathematical procedures and
make sequences of ideas more explicit. Although their study focused on procedural flowcharts and older
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students, the underlying implication is relevant to the present design: visual organization can make relationships
among mathematical ideas and activities more visible to learners.

Importantly, the hierarchical organization developed in this study should not be interpreted as an empirically
established learning progression. The present study determines relationships among mathematical content for
the purpose of designing a learning resource; it does not establish developmental levels of students'
mathematical thinking. Thus, the seven worksheets represent a content organization framework, rather than
seven empirically validated stages of cognitive development.

This distinction strengthens the contribution of the present study. Rather than treating hierarchical content
as a characteristic of students' development, the study demonstrates how relationships among mathematical
concepts can be translated into the architecture of a student worksheet. The result is a learning resource in which
prerequisite relationships are reflected in the arrangement of activities while relatively independent
mathematical strands retain their own internal organization.

2. Validity of the Developed Student Worksheets

The high validity obtained across the four evaluated aspects indicates that the developed worksheets met
the predefined criteria for structure and organization, content, language, and presentation. This finding is
consistent with recent mathematics worksheet development research showing that contextual and visually
supported worksheets can achieve favorable expert evaluations when their content, language, and design are
systematically developed.

For example, Aisyah & Juandi (2025) developed contextual student worksheets for numeracy learning on
number topics and reported high expert evaluations in content, language, and design. Similarly, Yuliandari et
al. (2025) developed mathematics worksheets integrating contextual and cultural elements for elementary
school students, with expert validation covering material, media, language, and teaching-practice dimensions.
These studies indicate that the quality of a mathematics worksheet depends on the alignment of several
dimensions rather than mathematical content alone.

In the present study, structure and organization received the highest mean validity coefficient. This result is
particularly meaningful because organization was not merely a formatting feature but a central component of
the hierarchical-content design. The high ratings suggest that the relationships among learning objectives,
activities, numbering, and worksheet components were sufficiently clear to the validators. The finding therefore
provides supporting evidence that the intended content organization was successfully translated into the
structure of the learning resource.

The content aspect also obtained a high validity coefficient. This result indicates that the selected
mathematical content, its alignment with the intended learning outcomes, its developmental appropriateness,
and its contextual presentation were positively evaluated by the validators. Recent worksheet research has
likewise emphasized contextual relevance as an important component in developing mathematics learning
resources for elementary students. Aisyah & Juandi (2025), for instance, explicitly positioned contextualization
as a response to the problem of learning materials that are insufficiently connected to students' real-life
environments.

The language aspect produced the lowest mean among the four dimensions, although it remained within the
high-validity range overall. This finding is useful because it identifies an area requiring greater attention in the
development process. The validator feedback led to revisions in question wording and instructions, including
the alignment of command forms across activities. Thus, the quantitative result was complemented by
qualitative evidence that identified specific linguistic features requiring refinement. Specifically, the indicator
concerning spelling, punctuation, and grammatical accuracy obtained a coefficient of V = 0.79, which falls in
the "valid" rather than the "very valid" category according to the classification adopted in this study. This
indicator was accordingly addressed in the revision stage through targeted improvements to wording,
instructions, and question format.

The high rating for presentation and display is also relevant to the characteristics of the product. The
worksheets incorporated contextual illustrations, visual narratives, color, and structured page layouts. Recent
studies of elementary mathematics worksheets similarly employ contextual and visual elements to make
learning resources more engaging and meaningful(Aisyah & Juandi, 2025; Yuliandari et al., 2025). However,
the present study adds a different organizing principle by combining these visual and contextual features with
a hierarchical organization of mathematical content.

3. Validator Feedback and Product Refinement

An important finding of the development process is that validation functioned as more than a procedure for
assigning a numerical validity coefficient. The validators' feedback resulted in concrete modifications to the
student worksheets, including changes to wording, contextual situations, illustrations, color contrast, question
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formats, and visual consistency. This demonstrates the formative role of validation in an R&D process: expert
and practitioner judgments can identify specific aspects of a learning resource that require refinement before
wider use.

The revisions to question wording are particularly consistent with the relatively lower result obtained for
the language aspect. Several instructions were standardized, while some question formats and answer options
were revised. The contextual situations were also refined; for example, one activity was changed from an office-
supply sales context to a traditional-market context. These revisions show that contextualization was not treated
merely as the addition of illustrations or everyday settings, but also involved ensuring that the narrative and
mathematical tasks were appropriately aligned.

The visual revisions likewise demonstrate that the development process was iterative. Font size and type,
image clarity, color contrast, and the consistency of subheading backgrounds were adjusted following
validation. This is relevant because recent worksheet development studies have similarly treated content,
language, and visual design as interconnected dimensions of learning-resource quality rather than as
independent components (Mukhlisa et al., 2026; Yuliandari et al., 2025).

The present findings therefore suggest that the value of validation in instructional-material development lies
not only in determining whether a product meets a numerical threshold, but also in identifying what should be
improved and why. The combination of quantitative judgments and qualitative feedback enabled the developed
worksheets to undergo targeted refinement before dissemination.

4. Implications and Limitations

The findings have several implications for the development of primary mathematics learning resources.
First, hierarchical organization can be considered as a content-design principle that complements, rather than
replaces, pedagogical approaches such as contextual learning. Recent worksheet research has demonstrated the
value of contextualization for numeracy learning, including the development of worksheets linked to local
environments and students' real-life experiences (Aisyah & Juandi, 2025; Mukhlisa et al., 2026). The present
study adds that the internal organization of the mathematical content itself can also be deliberately designed
around relationships among concepts.

Second, the findings suggest that the organization of mathematical content and the contextual presentation
of activities can coexist within the same learning resource. The contextual themes used in the worksheets
provide situations through which mathematical ideas are presented, while the hierarchical organization
determines how related mathematical ideas are connected across and within worksheets. This combination may
provide a useful design framework for developers of early mathematics learning resources.

Nevertheless, the findings must be interpreted within the scope of the study. The research established
product validity, but it did not formally examine practicality or effectiveness through classroom implementation.
Consequently, the validity coefficient should not be interpreted as evidence that the worksheets improve
students' numeracy achievement. Recent worksheet-development studies that claim practicality or effectiveness
have included additional implementation or response data beyond expert validation (Mukhlisa et al., 2026).

The dissemination activity in the present study was also intended to introduce the product rather than to
provide evidence of classroom effectiveness. Therefore, future research should examine how students and
teachers use the worksheets in authentic classroom settings, including their practicality, usability, and potential
effects on students' mathematical understanding and numeracy performance.

V. Conclusion

This study developed seven student worksheets based on the hierarchical organization of mathematical
content for Phase A primary school students. The worksheets were developed using the 4-D model and
organized according to meaningful prerequisite—extension relationships among mathematical concepts. The
validation results showed that the worksheets were valid, with Aiken’s V coefficients ranging from 0.79 to 1.00
and an overall mean of 0.89. The worksheets were considered appropriate in terms of structure and organization,
content, language, and presentation. Revisions were also made based on the validators’ comments and
suggestions. Thus, the developed worksheets provide a valid learning resource for supporting numeracy learning
through a more organized connection among mathematical concepts. However, this study did not examine the
practicality or effectiveness of the worksheets. Further research is needed to test their use in classroom learning
and examine their contribution to students’ numeracy development.
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