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Abstract

The present study aimed to identify and conceptualize effective management strategies for promoting mathematical thinking in elementary
school students. This study employed a qualitative multi-method approach. In the documentary phase, a systematic review of literature
from 1990 to 2024 was conducted based on PRISMA guidelines, resulting in 58 eligible studies. In the field phase, a grounded theory
approach with a systematic design was applied. Participants were selected through purposive-theoretical sampling and included 16 experts
in mathematics education, curriculum planning, and elementary teaching. Data were collected via semi-structured interviews and analyzed
through open, axial, and selective coding. To ensure validity and reliability, strategies such as member checking, inter-coder agreement,
and data triangulation were employed. The analysis yielded 598 open codes, 219 subcategories, and 42 categories organized into seven
core dimensions of mathematical thinking. The findings indicated that strategies such as problem-based learning, enhancement of
reasoning, guided mathematical dialogue, multiple representations, strategic questioning, error-based learning, and open-ended learning
environments significantly improve mathematical thinking. These strategies also produce multidimensional outcomes across cognitive,
educational, psychological, and social domains. The development of mathematical thinking in elementary education emerges from a
systematic interaction among cognitive, instructional, emotional, and environmental factors, with meaning-making and the central role
of teachers, curriculum, and learning environment being critical for enhancing mathematics education quality.
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2 open coding

3 - axial coding

4 selective coding
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Extended Abstract

Introduction

Mathematics education has increasingly shifted from a focus on procedural fluency toward fostering higher-
order thinking skills, particularly mathematical thinking, which encompasses reasoning, abstraction, problem-
solving, and the ability to make meaningful connections between concepts. In contemporary educational
discourse, mathematical thinking is recognized as a critical competency for navigating complex real-world
problems and participating effectively in knowledge-based societies (Oecd, 2023; Wang & Abdullah, 2024).
Despite its recognized importance, many educational systems continue to emphasize algorithmic learning and
rote memorization, which can hinder the development of deep conceptual understanding and flexible thinking
in students (Boaler, 2022; Hakkarainen et al., 2023).

Mathematical thinking is a multidimensional construct that integrates cognitive, metacognitive, and affective
processes. It includes the ability to generalize patterns, construct logical arguments, and engage in reflective
abstraction, which allows learners to build increasingly complex mental structures (Dubinsky, 2022;
Monteleone et al., 2023). Theoretical frameworks such as APOS theory provide a systematic explanation of
how mathematical knowledge evolves through actions, processes, objects, and schemas, highlighting the
dynamic nature of learning mathematics (Arnon et al., 2024). Similarly, constructivist perspectives emphasize
that knowledge is actively constructed through interaction with the environment and meaningful engagement
with tasks (Wadsworth, 2024).

Recent empirical studies have highlighted the role of instructional strategies in shaping students’ mathematical
thinking. Approaches such as problem-based learning, design thinking, and inquiry-based instruction
encourage active engagement and deeper cognitive processing, thereby enhancing students’ ability to think
mathematically (Muhammad Zaim et al., 2022; Torres-Pena et al., 2025). Additionally, the integration of
digital tools and innovative pedagogies has been shown to support the development of mathematical thinking
by providing interactive and dynamic learning environments (Al-Barakat et al., 2025; Hegedus & Roschelle,
2023).

Teacher-related factors also play a crucial role in fostering mathematical thinking. Teachers’ ability to notice,
interpret, and respond to students’ mathematical ideas is fundamental to creating meaningful learning
experiences (Jacobs et al., 2024). Furthermore, the alignment between teachers” own mathematical thinking
and their instructional practices significantly influences classroom interactions and student outcomes (Kooloos

et al., 2022). Effective teaching practices, including strategic questioning, scaffolding, and facilitating



mathematical discourse, contribute to the development of students’ reasoning and problem-solving skills
(Shabani, 2023).

In addition to instructional and teacher-related factors, individual learner characteristics such as motivation,
self-regulation, and anxiety have been identified as important determinants of mathematical thinking. For
instance, high levels of mathematical anxiety can negatively impact cognitive processing, while self-regulated
learning strategies promote deeper engagement and conceptual understanding (Atabek et al., 2022; Nufus et
al., 2024). Moreover, cultural and contextual factors, including students’ identities and learning environments,
influence how mathematical thinking is developed and expressed (Suherman & Vidakovich, 2024; van Oers,
2023).

Despite the growing body of research, there remains a need for comprehensive models that integrate these
diverse factors and provide actionable strategies for enhancing mathematical thinking in elementary education.
This study addresses this gap by identifying and conceptualizing management strategies that support the
development of mathematical thinking in primary school contexts (AlAli et al., 2023; Zeynivandnezhad,
2024).

Methods and Materials

This study employed a qualitative multi-method design combining a systematic literature review and a
grounded theory approach. In the documentary phase, a systematic review of scientific literature published
between 1990 and 2024 was conducted based on PRISMA guidelines. Relevant studies were identified through
major academic databases, and after applying inclusion and exclusion criteria, 58 studies were selected for
qualitative analysis.

In the field phase, grounded theory with a systematic design was utilized to explore participants’ perspectives.
A purposive-theoretical sampling strategy was adopted, involving 16 participants, including mathematics
education experts, curriculum planners, and experienced elementary school teachers. Data were collected
through semi-structured interviews, each lasting between 30 and 60 minutes, and continued until theoretical
saturation was achieved.

Data analysis followed a structured coding process, including open, axial, and selective coding. The analysis
resulted in the identification of key concepts, categories, and relationships, leading to the development of a
conceptual model of mathematical thinking. To ensure the trustworthiness of the findings, multiple validation
strategies were employed, including member checking, inter-coder agreement, and data triangulation.
Findings

The analysis yielded 598 open codes, which were organized into 219 subcategories and further synthesized
into 42 categories. These categories were grouped into seven core dimensions of mathematical thinking:
problem-solving, conceptual understanding, logical reasoning, spatial visualization, mathematical

communication, cognitive flexibility, and symbolic representation.



The findings revealed that mathematical thinking is developed through a complex interplay of interconnected
components rather than isolated skills. Among the identified strategies, problem-based learning emerged as a
central approach, emphasizing multi-step, non-routine, and real-life problems that require students to engage
in deep cognitive processing.

Another significant finding was the role of reasoning-based instruction, which includes activities such as
justifying solutions, evaluating alternative approaches, and constructing logical arguments. Guided
mathematical dialogue was also identified as a key strategy, fostering a classroom culture that encourages
questioning, active listening, and collaborative discussion.

The use of multiple representations, including visual, symbolic, and verbal forms, was found to enhance
students’ understanding of abstract concepts and facilitate the transition from concrete to formal thinking.
Strategic questioning by teachers, characterized by open-ended and process-oriented questions, was shown to
support students’ exploration and reflection.

Error-based learning emerged as an important component, highlighting the value of analyzing mistakes and
promoting a growth-oriented mindset. Additionally, the design of open-ended learning environments, where
students are encouraged to generate their own problems and solutions, was found to stimulate creativity and
independent thinking.

The findings also indicated that these strategies lead to multidimensional outcomes, including improvements
in cognitive abilities, academic performance, emotional engagement, social skills, and long-term learning
dispositions.

Discussion and Conclusion

The findings of this study underscore the multifaceted nature of mathematical thinking and the necessity of
adopting an integrated approach to its development in elementary education. The identified strategies highlight
the importance of shifting from traditional, teacher-centered instruction toward learner-centered approaches
that actively engage students in meaningful mathematical experiences.

The prominence of problem-based learning in the findings aligns with contemporary educational paradigms
that emphasize authentic and context-rich tasks as a means of fostering deep understanding. By engaging
students in complex problem-solving activities, educators can promote higher-order thinking skills and
facilitate the transfer of knowledge to real-world contexts.

The emphasis on reasoning and mathematical discourse reflects the central role of communication in learning
mathematics. Creating opportunities for students to articulate their thinking, justify their reasoning, and
critique others’ ideas contributes to the development of a robust mathematical understanding. These practices
not only enhance cognitive skills but also support the development of confidence and autonomy in learners.
The use of multiple representations and strategic questioning further highlights the importance of scaffolding

in the learning process. By providing diverse entry points to mathematical concepts and guiding students



through reflective inquiry, teachers can support the construction of meaningful and interconnected knowledge
structures.

The inclusion of error-based learning and open-ended tasks emphasizes the need to create supportive learning
environments where mistakes are viewed as opportunities for growth. Such environments encourage risk-
taking and persistence, which are essential for the development of mathematical thinking.

Overall, the study concludes that the development of mathematical thinking is a dynamic and holistic process
that requires the alignment of instructional strategies, teacher practices, and learning environments. The
proposed model provides a comprehensive framework for understanding and enhancing mathematical thinking

in elementary education, with implications for curriculum design, teacher training, and educational policy.
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