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Abstract

The purpose of this study was to dewvelop and wvalidate a concept map—based
educational package and to examine its effectiveness on higher cognitive functions,
metacognitive skills, and problem-solving strategies of ninth-grade students in
Sanandaj. This applied research employed a sequential exploratory mixed-methods
design; the qualitative phase involved thematic analysis of 45 academic sources using
Braun and Clarke’s framework, resulting in the identification of three core themes
and the construction of a 12-session educational package, whose content validity was
evaluated by five experts using Cohen’s Kappa coefficient and then piloted in a
preliminary implementation. The analysis demonstrated that the educational package
was structured around the themes of concept map nature, structural features, and
meaningful learning, with high expert agreement across content alignment, structural
coherence, time adequacy, and owverall quality (mean agreement = 0.815), and
preliminary implementation results indicated significant improvements in students’
higher cognitive functioning, metacognitive abilities,and problem-solving strategies.
The findings confirm that the developed concept map—based educational package
provides a valid, practical, and effective framework for enhancing deep and
meaningful learning in mathematics educationand offers atransferable instructional
model for broader educational contexts.
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Extended Abstract

Introduction

In recent decades, educational systems worldwide have undergone a fundamental paradigm shift from
transmission-based instruction toward constructivist and learner-centered approaches that emphasize active
knowledge construction, cognitive organization, and meaningful learning. This shift has been particularly
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critical in mathematics education, where the abstract, hierarchical, and relational nature of mathematical
concepts requires instructional strategies capable of fostering deep understanding rather than rote
memorization. International assessments consistently reveal persistent challenges in students’ conceptual
understanding and problem-solving performance in mathematics, despite curricular reforms (Mullis et al.,
2020; Oecd, 2019). Declining student motivation toward mathematics and growing learning gaps highlight
the urgent need for innovative instructional models that enhance conceptual coherence and learner engagement
(Boaler & Dweck, 2016; Reiterova, 2016).

Concept mapping has emerged as a powerful cognitive and instructional tool capable of addressing these
challenges. Rooted in the theory of meaningful learning, concept mapping enables learners to visually organize
knowledge by representing concepts and their interrelationships within hierarchical networks, thereby
supporting deeper comprehension and long-term retention (Katagall et al., 2015; Ullah, 2020). Empirical
research demonstrates that concept mapping improves conceptual understanding, academic achievement, self-
regulation, and metacognitive functioning across diverse educational contexts (Al-Mulla & Al-Amri, 2020;
Cheng, 2024; Wang et al., 2016). A recent large-scale meta-analysis further confirms the substantial positive
effect of concept mapping on student achievement in STEM education over the past two decades (Wang et al.,
2025).

Within mathematics education specifically, conceptmapping plays a crucial role in supporting learners’ ability
to integrate new information with prior knowledge, reduce cognitive overload, and develop higher-order
reasoning skills (Abramovich et al., 2019; Vergara et al., 2020). Studies have shown that students exposed
to concept map-based instruction demonstrate superior mathematical reasoning, problem-solving performance,
and learning motivation (Meidiana & Pertiwi, 2024; Nurlia et al., 2023). Moreover, concept mapping
promotes metacognitive regulation by enabling students to monitor their understanding, identify conceptual
gaps, and plan learning strategies effectively (Aflaki Fard & Noshadi, 2022; Moradi et al., 2022; Sahebyar
et al., 2025).

Despite these well-established benefits, a major gap remains in the practical implementation of concept
mapping within school curricula: the lack of comprehensive, validated educational packages that
systematically integrate concept mapping into classroom instruction. While many studies investigate the
effects of concept mapping as an isolated technique, few provide structured instructional programs that include
clearly defined objectives, session designs, cognitive and metacognitive activities, and assessment tools
(Behrad, 2023; Karavan, 2022; Zare Nasab, 2022). Additionally, individual learner differences, including
learning styles and self-regulation capacity, significantly influence the effectiveness of concept mapping
interventions (Liegle & Janicki, 2016; Na Ta & Razali, 2023), reinforcing the need for flexible and
developmentally appropriate instructional designs.

Furthermore, modern educational environments increasingly demand instructional models that accommodate
technological integration, blended learning, and complex cognitive demands. Visual knowledge-structuring
tools such as concept maps play a critical role in managing cognitive load and facilitating meaningful learning
under such conditions (Cheng, 2024; Wang et al., 2025). Consequently, the design of coherent, evidence-
based educational packages grounded in concept mapping represents a strategic priority for improving
mathematics education outcomes.

Against this backdrop, the present study addresses a significant research and practice gap by developing and
validating a concept map-based educational package specifically for ninth-grade mathematics students and
examining its effects on higher cognitive functions, metacognitive skills, and problem-solving strategies.
Methods and Materials

This applied study employed a sequential exploratory mixed-methods design. The qualitative phase focused
on developing the educational package, while the quantitative phase examined its effectiveness.
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In the qualitative stage, a comprehensive review of theoretical and empirical literature on concept mapping
and instructional design was conducted. Using thematic analysis, core instructional components were extracted
and organized into an integrated framework. Based on this framework, a twelve-session educational package
was developed, incorporating structured lesson objectives, guided concept mapping activities, cognitive and
metacognitive exercises, and problem-solving tasks.

To ensure content validity, the preliminary version of the package was evaluated by a panel of subject-matter
experts in mathematics education and educational psychology. Their feedback was incorporated to refine the
content, structure, and instructional flow. Inter-rater agreement was calculated to confirm the reliability of
expert judgments.

In the quantitative phase, the finalized package was implemented in a controlled educational setting with ninth-
grade students. Pre-test and post-test measures assessed higher cognitive functions, metacognitive skills, and
problem-solving strategies. Standardized instruments were administered under uniform conditions. Data were
analyzed using inferential statistical techniques to determine the significance and magnitude of observed
changes following the intervention.

Findings

Data analysis revealed statistically significant improvements across all major outcome variables following the
implementation of the concept map-based educational package.

Students demonstrated notable gains in higher cognitive functions, particularly in analytical reasoning,
conceptual integration, and abstract thinking. Post-test scores showed consistent improvement over pre-test
levels, indicating enhanced capacity to process complex mathematical information and construct coherent
conceptual frameworks.

Metacognitive skills also improved significantly. Students exhibited stronger planning behaviors, increased
monitoring of their own learning processes, and greater ability to evaluate their understanding and learning
strategies. These changes reflected a shift from passive reception of information toward active self-regulated
learning.

Problem-solving strategies showed substantial development as well. Students became more proficient in
identifying relevant information, constructing solution pathways, evaluating alternative approaches, and
applying learned concepts to novel problem contexts. The combined cognitive and metacognitive
improvements contributed to more efficient and accurate problem resolution.

Expert evaluations of the educational package indicated high levels of content validity, structural coherence,
instructional adequacy, and overall quality. Agreement indices confirmed strong consensus regarding the
suitability and effectiveness of the instructional design.

Discussion and Conclusion

The findings of this study demonstrate that a systematically designed concept map-based educational package
can substantially enhance students’ higher cognitive functioning, metacognitive skills, and problem-solving
strategies in mathematics learning. The observed improvements reflect the central role of structured conceptual
organization in facilitating deep and transferable understanding.

The integration of concept mapping into a coherent instructional framework enabled students to move beyond
surface learning toward meaningful knowledge construction. By visually representing relationships among
mathematical concepts, students developed more stable and interconnected cognitive structures, supporting
long-term retention and flexible application of knowledge.

Equally important was the impact on metacognitive development. The instructional design intentionally
embedded opportunities for planning, monitoring, and evaluation, empowering students to take greater
ownership of their learning. This shift toward self-regulated learning is critical for sustained academic success
and lifelong learning competence.
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Improvements in problem-solving performance further illustrate the educational value of the package. As
students’ conceptual understanding and metacognitive control strengthened, their ability to analyze complex
problems, generate solution strategies, and evaluate outcomes increased accordingly. These skills are essential
for academic achievement and for navigating the cognitive demands of contemporary society.

In conclusion, the concept map-based educational package developed in this study represents a robust,
evidence-based instructional model capable of transforming mathematics education. Its comprehensive
structure, alignment with cognitive and metacognitive principles, and demonstrated effectiveness support its
adoption as a core instructional strategy in secondary education. The model offers a scalable framework for
promoting meaningful learning, cognitive growth, and problem-solving competence among students.
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