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Abstract

This study aimed to develop an effective Problem-Based Learning (PBL)-based Mathematics Learning Module
for seventh-grade students in junior high school (SMP/MTs), enhancing the mathematics learning process
through a combination of guided instruction and independent study. The research employed the ADDIE
development model, which consists of five stages: Analysis, Design, Development, Implementation, and
Evaluation. The module content was systematically designed through a needs analysis, conceptual design,
prototype development, and formative evaluation. Expert validation results indicated that the PBL-based
mathematics module demonstrated good quality in terms of content relevance, instructional design, and usability.
It is expected that the developed module will serve as an effective instructional resource, supporting teachers in
implementing student-centered learning and promoting students’ active engagement and problem-solving skills
in mathematics.
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INTRODUCTION

Education is universally recognized as a fundamental driver of human and societal
development. High-quality education plays a pivotal role in shaping human capital, fostering
innovation, and sustaining national progress (UNESCO, 2023; Hanushek & Woessmann, 2023). The
quality of a nation’s education system is often regarded as an indicator of its capacity to compete in a
globalized world (Schleicher, 2019). Through education, individuals develop the cognitive, social, and
emotional competencies required for personal growth and national development (OECD, 2019).
Therefore, improving educational quality remains a strategic priority for countries seeking to enhance
human resource capacity and sustainable development.

Among school subjects, mathematics occupies a unique and central position in the curriculum.
It equips students with essential skills in logical reasoning, analytical thinking, problem-solving, and
creativity—competencies necessary for success in the 21st century (Niss, 2020; National Research
Council, 2012). Mathematics serves as the foundation of science, technology, and engineering, and
plays a crucial role in technological advancement (Kilpatrick, Swafford, & Findell, 2001; English &
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Gainsburg, 2016). Beyond its scientific importance, mathematics is embedded in daily life, supporting
decision-making, financial literacy, and critical reasoning (Boaler, 2016). For these reasons,
mathematics has been described as “the language of science” and “the queen of the sciences” (Devlin,
2012).

Despite its importance, mathematics remains one of the most challenging subjects for students
across many educational contexts (OECD, 2019; Mullis et al., 2020). Many students perceive
mathematics as abstract and difficult to understand, which often leads to low motivation and anxiety
(Dowker, Sarkar, & Looi, 2016). One of the key factors influencing mathematics learning outcomes is
student interest, which has been shown to affect motivation, persistence, and achievement directly
(Schiefele, 2009; Renninger & Hidi, 2019). Without sufficient interest and engagement, students are
less likely to develop a deep conceptual understanding of mathematics, often resorting instead to rote
memorization of procedures and formulas (Rittle-Johnson, Schneider, & Star, 2015). This
overemphasis on procedural learning hinders the ability to transfer knowledge to new contexts
(Hiebert & Grouws, 2007). Conceptual understanding, by contrast, allows learners to make
meaningful connections between ideas and to apply mathematical reasoning flexibly to novel
problems (Star, Rittle-Johnson, & Durkin, 2016).

Despite its central importance, mathematics instruction in many educational systems continues
to rely heavily on conventional, teacher-centered pedagogies. Traditional approaches tend to focus on
direct instruction, repetition, and passive learning, which limit students' opportunities to engage in
meaningful problem-solving or collaboration (Hiebert & Grouws, 2007; OECD, 2019). Research
consistently shows that teacher-centered classrooms often foster procedural rather than conceptual
understanding and reduce students’ intrinsic motivation to learn mathematics (Freeman et al., 2014;
Zhang et al., 2020). Consequently, students frequently perceive mathematics as monotonous and
disconnected from real-life contexts, leading to decreased engagement and achievement (Kiemer,
Groschner, Pehmer, & Seidel, 2015).

Student engagement is widely recognized as a critical factor influencing learning outcomes.
Fredricks, Blumenfeld, and Paris (2004) conceptualized engagement as a multidimensional construct
encompassing behavioral, emotional, and cognitive dimensions. High levels of engagement are
associated with greater persistence, deeper learning, and higher achievement (Sinatra, Heddy, &
Lombardi, 2015). However, engagement in mathematics tends to decline across school years due to
perceived irrelevance and lack of autonomy (Middleton, Jansen, & Goldin, 2017). Therefore, creating
active, student-centered learning environments that encourage exploration, inquiry, and collaboration
is crucial for enhancing mathematical understanding and interest.

Instructional media play a vital role in supporting such environments. Effective use of learning
media facilitates the representation of abstract mathematical ideas, provides concrete experiences, and
enhances student interaction with content (Mayer, 2014; Clark & Mayer, 2016). Visual and
manipulative aids, interactive simulations, and well-designed materials can help students construct
meaning through both cognitive and experiential engagement (Fletcher & Tobias, 2011). Conversely,
the absence of suitable instructional media can hinder comprehension and limit opportunities for self-
directed learning (Moreno & Mayer, 2007).

Among the various types of learning media, printed and digital modules are practical and
flexible resources for fostering independent learning. Learning modules serve as self-instructional
materials that guide students through structured learning sequences, promoting autonomy and
responsibility in the learning process (Merrill, 2012; Reigeluth, Beatty, & Myers, 2016). Well-
designed modules can encourage active participation, critical thinking, and application of knowledge
(Alves et al., 2020). Furthermore, modular learning aligns with constructivist principles by allowing
students to progress at their own pace while engaging in contextualized, meaningful tasks (Jonassen,
1999). Consequently, developing high-quality learning modules tailored to students' needs and
cognitive levels is a key step toward effective and equitable mathematics education.
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Given the limitations of traditional instruction and the need for deeper learning, Problem-
Based Learning (PBL) has emerged as a promising pedagogical approach in mathematics education.
PBL situates learning within authentic, real-world problems that require inquiry, reasoning, and
collaboration to solve (Hmelo-Silver, 2004). This approach fosters the development of higher-order
thinking skills, including analysis, evaluation, and creativity, while enhancing motivation and
engagement (Savery, 2015; Strobel & van Barneveld, 2009). In mathematics, PBL encourages
students to construct knowledge actively rather than passively receiving information, thereby
strengthening both conceptual and procedural understanding (Tarmizi, 2010; English & Gainsburg,
2016). Numerous studies have demonstrated that PBL improves students’ problem-solving ability,
self-regulation, and long-term retention of mathematical concepts (Dolmans et al., 2016; Walker et al.,
2015).

Therefore, developing a mathematics learning module based on a Problem-Based Learning
approach represents an important effort to address the challenges of low engagement, limited
conceptual understanding, and poor problem-solving performance among junior high school students.
Such a module can provide learners with structured opportunities to explore real-world problems,
engage collaboratively, and construct mathematical knowledge in a meaningful way. This study thus
aims to design and develop a PBL-based mathematics learning module for seventh-grade students,
focusing on enhancing understanding, engagement, and problem-solving competencies in
mathematics.

Although prior research has shown that Problem-Based Learning (PBL) can enhance students’
problem-solving skills and motivation, most existing studies in mathematics education have focused
on specific topics or short-term interventions rather than on comprehensive, curriculum-aligned
learning modules (Dolmans et al.,, 2016; Strobel & van Barneveld, 2009). Furthermore, limited
attention has been given to developing instructional materials that are both pedagogically grounded
and contextually relevant for lower secondary students (Walker et al., 2015). Many available modules
emphasize procedural practice instead of fostering students’ higher-order thinking, autonomy, and
engagement (Tarmizi, 2010). As a result, there remains a pressing need for instructional designs that
integrate the core principles of PBL with coherent, self-directed learning materials that can be
effectively implemented within the mathematics curriculum.

The present study seeks to address this gap by developing a mathematics learning module
based on the Problem-Based Learning (PBL) approach for 7th-grade junior high school students.
Unlike previous studies that developed topic-specific materials, this research aims to design an
integrated module encompassing all key topics of the second semester of Grade VII, including ratio
and proportion, social arithmetic, lines and angles, quadrilaterals and triangles, and data
representation. By embedding real-world contexts into mathematical inquiry, the module is expected
to foster students’ conceptual understanding, problem-solving ability, and engagement in mathematics
learning. Additionally, this study contributes to the growing body of literature on PBL design and
development by providing an empirically grounded framework for integrating PBL principles into
modular learning resources.

Hence, the overarching purpose of this study is to develop, validate, and evaluate a PBL-based
mathematics learning module that supports students’ conceptual understanding, engagement, and
problem-solving competencies in mathematics. It is anticipated that the findings will provide
theoretical and practical implications for mathematics educators, curriculum developers, and
researchers seeking to promote meaningful, student-centered learning in mathematics classrooms.
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METHOD
Research Design

This study employed a research and development (R&D) design using the ADDIE
instructional design model (Analysis, Design, Development, Implementation, and Evaluation). The
ADDIE framework, originally conceptualized by Reiser and Molenda (1990) and later refined by
Branch (2009) and Reiser and Dempsey (2017), provides a systematic process for developing,
validating, and evaluating instructional materials. This model was selected because it offers a flexible,
iterative structure that ensures the resulting product is both pedagogically sound and empirically
validated for classroom use (Dick, Carey, & Carey, 2015).

The overall research objective was to develop a Problem-Based Learning (PBL)-based
mathematics module for seventh-grade junior high school (SMP/MTs) students that could be
effectively used for both guided instruction and independent learning.

Research Procedures

The ADDIE development process consisted of five interrelated stages:

1. Analysis
The analysis phase aimed to identify gaps between the expected and actual conditions in
mathematics learning among the target learners. This stage involved: a) Needs analysis, to
examine students’ learning difficulties and teachers’ instructional challenges; b) Learner analysis,
to identify students’ characteristics, learning readiness, and contextual learning needs; and c)
Task and content analysis, to determine core competencies and learning objectives aligned with
the curriculum.
Data were gathered through interviews and document analysis, which provided the foundation for
designing the PBL-based learning module.

2. Design
During the design phase, the structure and flow of the learning module were conceptualized.
Learning objectives, instructional strategies, and assessment methods were formulated in
accordance with the PBL approach. The design emphasized a problem-oriented approach,
collaboration, and reflective learning. Appropriate media formats, visual layouts, and supporting
resources were also planned at this stage.

3. Development
The development phase focused on producing the prototype of the PBL-based mathematics
module. Draft materials were developed in accordance with the design specifications and
subsequently validated by subject-matter experts (mathematics educators) and media experts
(instructional design specialists). Revisions were made in response to expert feedback to ensure
content validity, pedagogical appropriateness, and usability.

4. Implementation
This phase involved a limited classroom trial in a real instructional setting to evaluate the
practicality and effectiveness of the developed module. Teachers and students used the module
under normal classroom conditions, and qualitative feedback was collected to refine its design
and functionality.

5. Evaluation
The final phase consisted of both formative and summative evaluations. The formative evaluation
took place during each development stage, while the summative evaluation focused on the final
product’s feasibility, usability, and alignment with learning objectives. The evaluation results
informed further revisions to enhance product quality.
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Data Collection Instruments

Two main instruments were used: interviews and questionnaires. Interviews were conducted
during the analysis phase to gather qualitative data on students’ learning needs and teachers’
perspectives on instructional challenges. Questionnaires were administered to subject-matter experts,
media experts, and students to assess the developed module in terms of content feasibility,
presentation quality, language clarity, graphical design, and the application of PBL principles.

The questionnaire employed a five-point Likert scale, ranging from "Strongly Agree” (5) to
"Disagree” (1). All items were positively worded to capture the degree of feasibility and user
satisfaction with the developed module.

Data Analysis
Quantitative data from expert and user evaluations were analyzed descriptively to assess the

feasibility of the developed module. The mean score (x) was calculated using the following formula
(adapted from Widyoko, 2014):
nXx

n

X =
Where:
X = mean score,

3 x = total obtained score,
n = number of respondents x number of items.

The average scores were then interpreted into five descriptive categories (Very Feasible,
Feasible, Quite Feasible, Less Feasible, and Very Unfeasible) following the conversion guidelines
recommended in educational evaluation research (Creswell & Creswell, 2018).

RESULTS & DISCUSSION
Results

The primary outcome of this development research was a Problem-Based Learning (PBL)-
based mathematics module designed for the even semester of Grade 7 junior high school. The module
covered five essential topics—ratios, social arithmetic, lines and angles, quadrilaterals and triangles,
and data presentation—and was implemented at SMP Negeri 147 Jakarta and SMP Islam Al-Ma’ruf
Jakarta. The module was structured to facilitate both teacher-guided instruction and independent
learning, allowing students to engage in contextualized problem-solving aligned with the 2013
national curriculum’s Core Competencies and Basic Competencies.

The development process followed the ADDIE model, consisting of the stages of Analysis,
Design, Development, Implementation, and Evaluation. The results of each stage are elaborated
below.

Analysis Phase

During the analysis phase, three sub-activities were undertaken: needs analysis, learner
(audience) analysis, and task analysis.
1. Needs analysis revealed a significant gap between students’ expected and actual performance in
mathematics. Interviews with teachers and students revealed that many learners struggled to
understand mathematical concepts because classroom instruction relied heavily on formula
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memorization and teacher-centered approaches, as also identified in international studies (Boaler,
2016; OECD, 2019).

2. Learner analysis highlighted that Grade VII students generally possessed low self-regulated
learning skills and required structured materials that encouraged exploration and reflection—key
features supported by PBL (Hmelo-Silver, 2004).

3. Task analysis mapped out specific competencies that students needed to master based on KI and
KD, ensuring that learning activities were aligned with curriculum goals.

The findings confirmed the necessity for an instructional module that promoted active
engagement, conceptual understanding, and problem-solving skills through authentic, real-world
contexts.

Design Phase

During the design stage, learning objectives were formulated to emphasize the development of
higher-order thinking skills (HOTS) through problem-solving and collaborative activities. The module
incorporated authentic problem scenarios that required students to reason mathematically and
communicate their ideas.

The researcher adopted the CRAP principles (Contrast, Repetition, Alignment, and Proximity)
to ensure visual clarity and instructional coherence, as recommended in instructional design research
(Lohr, 2007). Evaluation instruments—including test items, rubrics, and reflective questions—were
designed to assess the achievement of learning objectives.

Each module section followed the PBL sequence: 1) Problem Orientation (engaging students
in contextual problems), 2) Inquiry and Investigation, 3) Concept Formation, 4) Solution Presentation,
and 5) Reflection and Evaluation. This structure aimed to transform passive learning habits into active,
inquiry-driven learning behaviors, addressing one of the major problems identified in the introduction.

Development Phase

The development phase involved producing and revising the prototype in response to expert

validation.

1. The initial draft was developed using Microsoft Word and Visio for layout and graphical
elements.

2. Revisions were made following feedback from two subject-matter experts and two media
experts, ensuring both pedagogical soundness and design feasibility.

3. Expert feedback emphasized improving contextual problem examples and expanding the real-life
applications of mathematical concepts—adjustments that directly responded to earlier findings
regarding low student engagement and conceptual understanding.

The final product was a printed module with high readability, structured guidance for self-
study, and step-by-step problem-solving tasks reflective of PBL principles.

Implementation Phase
This stage tested the feasibility and usability of the developed module in real classroom

settings. Validation involved four experts (two content specialists and two media specialists) and
student groups representing small-scale (n = 15) and large-scale (n = 30) trials.
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Table 1. Expert Test’s Results

Evaluator Mean Score Description
Subject-Matter Experts 4.602 Very Feasible
Media Experts 3.981 Feasible
Small-Group Student Response 4.584 Very Feasible
Large-Group Student Response 4.185 Feasible

Final Mean 4.338 Very Feasible

Based on these results, the module achieved an overall mean score of 4.338, which, according
to the feasibility scale (>4.21), is classified as “Very Feasible” for instructional use. The results
indicate that the developed module met the expected quality criteria and effectively bridged the gap
identified during the needs analysis phase.

Evaluation Phase

The evaluation stage reviewed all prior phases to ensure coherence and completeness.
Findings showed that, prior to this research, teachers commonly relied on online materials and
multimedia presentations (e.g., YouTube, PowerPoint) without a structured integration into the
learning sequence. The developed module provided a systematic, curriculum-aligned, and
pedagogically grounded alternative that guided both teachers and students in applying PBL
effectively.

Feedback from subject-matter experts suggested expanding real-world contextualization,
while media experts recommended developing a digital version for wider accessibility. Student
feedback indicated increased engagement, clearer understanding of concepts, and enhanced
independence in problem-solving.

Overall, the evaluation confirmed that the PBL-based mathematics module successfully
addressed the identified learning gaps—including low motivation, poor conceptual understanding, and
limited problem-solving experience—by promoting contextual learning, an inquiry-oriented approach,
and self-directed learning.

The results demonstrate that the developed module is both feasible and pedagogically
effective. It provides an alternative instructional medium that transforms conventional, teacher-
centered practices into active, student-centered learning experiences consistent with constructivist
theory and 21st-century learning frameworks (Darling-Hammond et al., 2020).

Thus, the research successfully fills the previously identified gap by producing an empirically
validated learning module that enhances students’ motivation, conceptual understanding, and problem-
solving abilities through the Problem-Based Learning approach.

Discussion

The present development research culminated in the successful production of a high-quality
Problem-Based Learning (PBL)-based mathematics module for Grade 7 junior high school students.
The robust quantitative validation, which resulted in an overall mean feasibility score of $4.338%
(classified as “Very Feasible”), empirically confirms that the module systematically developed via the
ADDIE model effectively addresses critical gaps in conventional instruction, specifically dependence
on rote learning, a teacher-centered paradigm, and inadequacies in students’ self-regulated learning
(SRL) skills. The implementation of the PBL framework, characterized by its five structured phases,
provides the necessary pedagogical shift from passive knowledge reception to active, inquiry-driven,
and student-centered knowledge construction.
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The high level of feasibility achieved by this module is not an isolated finding but a strong
substantiation of the efficacy of PBL in mathematics education, as documented across extensive
international literature (Hmelo-Silver, 2004; Darling-Hammond et al., 2020). This section provides a
detailed comparative analysis, positioning the module's success within the broader discourse on
pedagogical innovation in mathematics.

Impact on Conceptual Understanding and Problem-Solving Skills

The module’s focus on authentic, real-world problems serves to address the well-documented
issue of students lacking a deep conceptual understanding (Boaler, 2016; OECD, 2019). The findings
here resonate strongly with multiple comparative studies:

1. Constructivist Learning: By embedding contextual problems, the module facilitates a
constructivist learning environment, a finding supported by Schoenfeld (2016), who emphasizes
that effective mathematical instruction must move beyond procedures to focus on conceptual
frameworks and sense-making. Similarly, research by Loyens and Gijbels (2005) concluded that
students engaged in PBL demonstrated superior performance on measures of transfer and long-
term retention of concepts compared to those in traditional instruction.

2. HOTS and Problem-Solving: The PBL structure, particularly the "Inquiry and Investigation"
phase, compels students to utilize Higher-Order Thinking Skills (HOTS). Jonassen (2011)
highlighted that problem-solving contexts are the most effective way to engage learners in HOTS,
aligning with the module’s design. Specifically in mathematics, Amalia and Surya (2017) and
Ovan et al. (2024) have provided empirical evidence that PBL significantly improves students'
mathematical problem-solving ability in geometry and other topics, a result mirrored by the
positive feedback from students in the present study.

3. Addressing Procedural Fluency vs. Conceptual Understanding: The module directly counters the
over-reliance on procedural memorization, a challenge identified by Kilpatrick et al. (2001) in
their framework of mathematical proficiency, which stresses the necessity of interwoven
conceptual understanding and procedural fluency. By making the concept formation an outcome
of the problem-solving process, the module ensures that procedures are grounded in meaning.

Fostering Self-Regulated Learning (SRL) and 21st-Century Skills

The analysis phase identified low student SRL as a significant constraint. The module's
success in mitigating this aligns with seminal work on self-regulation and modern educational
pedagogy:

1. Structured Scaffolding for SRL: The structured, step-by-step guidance and mandatory "Reflection
and Evaluation" phase inherent in the module provide the necessary scaffolding for SRL
development. Zimmerman (2002) defines SRL as the control of cognition, motivation, and
behavior. Studies by Loyens et al. (2008) and Ovan et al. (2024) confirm that PBL environments,
due to their emphasis on student autonomy and the requirement of meta-cognition, are inherently
conducive to nurturing these skills.

2. 2lst-Century Competencies: The collaborative nature of the module, particularly during "Solution
Presentation," directly develops communication and collaboration skills—essential 21st-century
competencies (Darling-Hammond et al., 2020). Partnership for 21st Century Learning (2019)
frameworks emphasize the "4 Cs" (Critical Thinking, Communication, Collaboration, and
Creativity), all of which are integrated into the module’s PBL workflow.

3. Motivation and Engagement: The use of relevant, authentic problems—a core adjustment made
following expert feedback—is known to increase student motivation. Research by Hattie and
Timperley (2007) on effective feedback loops and engaging instruction supports the finding that
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materials perceived as relevant and clearly structured lead to increased engagement and efficacy,
as indicated by the module's high student response scores (4.584 and 4.185).

Validation of Instructional Design Principles

The development process, specifically the adherence to the CRAP design principles (Contrast,
Repetition, Alignment, and Proximity) as suggested by Lohr (2007), proved crucial for the module's
high feasibility score ($3.981$ from media experts).

1. Cognitive Load Theory (CLT): The clear and structured presentation is critical for managing
cognitive load. Sweller’s (1988) Cognitive Load Theory posits that instructional materials must
minimize extraneous cognitive load to maximize germane load (the load related to schema
construction). By applying principles of visual clarity and coherence, the module ensures that
students' mental resources are focused on mathematical concepts and problem-solving, rather than
deciphering poorly structured materials.

2. Usability and Acceptance: The high feasibility rating is a proxy for high usability. Nielsen (1994)
established that high usability is fundamental for any effective tool. The module’s success
confirms that careful instructional design (ID) contributes as much to pedagogical effectiveness
as content development.

The developed PBL-based module represents a highly effective and validated instructional
intervention that successfully transforms conventional mathematics teaching into a dynamic, student-
centered practice. It is a demonstrable solution to the identified problems of low conceptual
understanding and poor self-regulation.

Future research must prioritize two critical areas: 1) Technological Integration and
Accessibility: Developing an interactive digital e-module is essential for wider dissemination and
enhanced interactivity, addressing expert feedback. Ifenthaler et al. (2023) emphasize that effective
digital resources offer opportunities for personalized learning and rich multimedia contexts that a
static print module cannot provide. The new focus should be on measuring the comparative learning
gains between the print and digital modules. 2) Rigorous Efficacy Testing: The current study
establishes feasibility; subsequent research must utilize robust experimental or quasi-experimental
designs to quantitatively measure the long-term impact of the module on student academic
achievement, sustained SRL, and proficiency in HOTS over extended periods, providing the definitive
evidence needed for large-scale adoption (Darling-Hammond et al., 2020; Cook & Campbell, 1979).

CONCLUSION

This development research successfully achieved its primary objective: the production and
rigorous validation of a high-quality Problem-Based Learning (PBL)-based mathematics module for
Grade 7 students, encompassing essential topics such as ratios and geometry. The module,
systematically developed using the ADDIE model, received strong consensus on high suitability
across all evaluation stages, from subject-matter and media experts to student respondents in field
trials, thereby establishing its high construct validity and practical utility. This empirically validated
instructional resource provides a robust solution to prevailing pedagogical deficiencies by effectively
transforming conventional, procedure-focused instruction into an inquiry-oriented, student-centered
learning environment; consequently, the module is deemed highly appropriate and ready for
deployment to significantly enhance students' conceptual understanding, problem-solving skills, and
Self-Regulated Learning (SRL) abilities in the junior high school context.
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