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Abstract

Purpose: This study aimed to explain the process of cultivating mathematical thinking in
clementary school students through developing a comprehensive conceptual model.
Methodology: This qualitative study employed a grounded theory approach. Participants were
16 experts in mathematics education, curriculum planning, and experienced elementary teachers
selected through purposive—theoretical sampling. Data were collected via semi-structured
interviews and analyzed using open, axial, and selective coding procedures.

Findings: Data analysis resulted in 598 open codes, 219 subcategories, and 42 main categories.
The core category, “creating a thinking-centered learning environment,” emerged as the central
mechanism influenced by causal, contextual, and intervening conditions. Key instructional
strategies included problem-based learning, guided mathematical dialogue, multiple
representations, and error-based learning, leading to multidimensional cognitive, academic,
emotional, social, and long-term outcomes.

Conclusion: Cultivating mathematical thinking in elementary education is a systematic,
multidimensional process that requires establishing a thinking-centered learning environment and
integrating educational, cognitive, emotional, and contextual factors.
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Detailed Abstract
Introduction

Mathematical thinking has increasingly been recognized as a core educational outcome that extends beyond procedural competence and
algorithmic fluency toward higher-order cognitive processes such as reasoning, problem solving, generalization, representation, and
critical judgment. Contemporary perspectives in mathematics education emphasize that mathematical thinking constitutes a
multidimensional construct encompassing logical reasoning, creative thinking, conceptual understanding, and the ability to apply
mathematical ideas in meaningful real-life contexts (Dreyfus & Eisenberg, 2012; Selden & Selden, 2005). This shift in emphasis

reflects broader educational goals that prioritize learners’ capacity to engage with complexity, uncertainty, and abstraction—skills that

are indispensable in modern knowledge-based societies (Northcote & Mclntosh, 2019; Wang & Abdullah, 2024). Consequently,

the elementary school years are increasingly viewed as a foundational period for cultivating mathematical thinking, as early experiences
with mathematics significantly shape learners’ long-term cognitive development, attitudes, and engagement with the subject (Jordan et

al., 2003; Morsanyi et al., 2018).

Research has shown that children’s mathematical thinking develops through active engagement with problems, social interaction, language
use, and representational tools rather than through passive reception of rules and procedures (Miyakawa et al., 2005; Van Oers,
2024). From this perspective, classroom environments that promote exploration, dialogue, and sense-making are essential for supporting
the emergence of mathematical thinking. Studies grounded in sociocultural and constructivist theories emphasize the role of
communicative tools, play, and guided interaction in enabling children to construct mathematical meaning (Fernandez et al., 2018;
Fouze & Amit, 2017). At the same time, affective dimensions such as motivation, beliefs, and anxiety have been identified as critical
factors influencing students’ engagement in mathematical thinking. Negative emotions and mathematics anxiety can inhibit reasoning and
problem solving, whereas positive affect and self-efficacy support deeper cognitive involvement (Hannula, 2011; Hannula et al., 2018;
Kargar et al., 2010).

Teachers play a pivotal role in shaping opportunities for mathematical thinking. Research on professional noticing highlights that teachers’
ability to recognize, interpret, and respond to students’ mathematical thinking is a key determinant of instructional quality (Jacobs et
al., 2024; Kooloos et al., 2022). Teachers’ beliefs about mathematics, their professional knowledge, and their capacity to orchestrate
mathematical discourse directly influence how students engage with mathematical ideas (Bobis et al., 2005; Moscardini, 2014). In

parallel, instructional strategies such as problem-based learning, use of multiple representations, strategic questioning, and discussion of
errors have been shown to foster reasoning and conceptual understanding (Harel & Larry, 2005; Schoenfeld, 2017; Stupel & Ben-
Chaim, 2017).

Technological developments have further expanded the landscape of mathematical thinking. Digital tools, coding environments, and
educational games offer new possibilities for pattern recognition, abstraction, and exploratory learning (Calao et al., 2015; Miller,
2019; Soboleva et al., 2020). However, research cautions that technology alone does not guarantee enhanced thinking; its effectiveness
depends on pedagogical integration and alignment with conceptual goals (Al-Barakat et al., 2025; Wu & Yang, 2022). Emerging

discussions on the interaction between artificial intelligence and critical or mathematical thinking further underscore the need for coherent

pedagogical frameworks that situate innovation within meaningful learning environments (Panit, 2025).

Despite the growing body of research, existing studies often focus on isolated variables—such as a specific instructional method, cognitive
skill, or technological tool—rather than offering a holistic account of how mathematical thinking is cultivated in elementary education
(Fyfe etal., 2019; Goos & Kaya, 2020). Bibliometric and systematic reviews suggest an increasing volume of research but also highlight
the absence of integrative conceptual models that capture the dynamic interplay among contextual, instructional, cognitive, and affective
factors (Abidin et al., 2025; Moher et al., 2009; Petticrew & Roberts, 2008). In particular, there is a need for qualitative, process-
oriented studies that explain how mathematical thinking develops within real educational contexts and how various conditions and

strategies interact over time (Monteleone et al., 2023; Torres-Pefia et al., 2025).

Methods and Materials



This study adopted a qualitative research design using a gro approach to explore the process of cultivating mat

thinking in elementary school students. Participants consisted o

including mathematics education schol

specialists, and experienced elementary teachers. They were selected throu —theoretical sampling to en.

insights into the phenomenon under investigation. Data were collected throug tured interviews

months. Each interview lasted between 30 and 60 minutes and focused on participants , observati

related to mathematical thinking in elementary classrooms.

The data analysis followed the systematic procedures of open, axial, and selective coding. During open co

examined line by line to identify initial concepts. These concepts were then grouped into subcategories and tegories through axial

coding, establishing relationships among conditions, actions, and consequences. Finally, selective coding was employed to integrate
categories around a core category that represented the central process of cultivating mathematical thinking. To enhance trustworthiness,
strategies such as member checking, peer debriefing, and audit trails were employed. Data saturation was achieved after 14 interviews,

with two additional interviews conducted to confirm saturation.
Findings

The analysis resulted in the identification of a comprehensive model describing the process of cultivating mathematical thinking in
elementary school students. In total, 598 open codes were generated, which were refined into 219 subcategories and 42 main categories.
The core category emerging from the analysis was “creating a thinking-centered learning environment.” This core category functioned as

the central mechanism through which all other conditions, strategies, and outcomes were connected.

Causal conditions influencing the cultivation of mathematical thinking included teachers’ positive attitudes toward mathematics, their
professional knowledge, curriculum flexibility, access to instructional resources, and the presence of a safe and participatory classroom
climate. Contextual conditions comprised broader factors such as school culture, assessment systems, family support, opportunities for
learning beyond school, dominant instructional discourse, and curriculum load. Intervening conditions—acting as facilitators or
constraints—included professional collaboration among teachers, teachers’ professional resilience, emotional—cognitive interactions with
students, effective organization of learning content, alignment between home and school, opportunities for reflection on teaching

practices, and cognitive guidance provided by teachers.

Instructional strategies identified in the model encompassed problem-based learning, activation of reasoning processes, guided
mathematical dialogue, use of multiple representations, strategic questioning, error-based learning, design of open learning situations,
and teachers’ modeling of problem-solving processes. The implementation of these strategies within a thinking-centered environment led
to multidimensional outcomes. These outcomes included cognitive gains such as improved reasoning and flexibility, academic
improvements in conceptual understanding and problem solving, affective benefits such as increased confidence and reduced anxiety,
social outcomes related to communication and collaboration, and long-term outcomes associated with lifelong learning and preparedness

for future analytical challenges.
Discussion and Conclusion

The findings of this study demonstrate that cultivating mathematical thinking in elementary education is a complex, systemic process
rather than a set of isolated instructional techniques. The emergence of “creating a thinking-centered learning environment” as the core
category underscores the importance of viewing the classroom as an integrated ecosystem in which cognitive, emotional, instructional,
and contextual factors interact dynamically. Mathematical thinking flourishes when learners are immersed in environments that value

exploration, dialogue, and meaning-making rather than rote performance.

The identified causal, contextual, and intervening conditions highlight that efforts to enhance mathematical thinking cannot be limited to

s alone. Instead, sustainable development of mathematical thinking requires alignment among teachers’ beliefs

modifying teaching meth

ctures, assessment practices, school culture, and family involvement. The model illustrates how
ctiveness only when enacted within supportive environments that encourage risk-taking,

and foster reflective practice.

sional outcomes 1

his study suggest that the benefits of cultivating mathematical thinking extend

ademic achievement. Enha ing, confidence, and adaptability contribute to students’ long-term

carning and their capacity to navigate co -rich societies. By offering a grounded, empirically derived model,

rovides a coherent framework for understanding a the cultivation of mathematical thinking in elementary
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education. The model can inform curriculum design, teacher education, and school-level policies aimed at fostering deeper, more

meaningful mathematical learning experiences for young learners.
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