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This qualitative case study was conducted to analyze students’ cognitive
modeling routes based on their mathematical thinking styles. The
participants were 23 tenth-grade students from a school in Iran, six of whom
were selected after their mathematical thinking styles had been identified
and assigned to three pairs, each representing a different thinking style, for
an in-depth analysis of their cognitive modeling routes. Data were collected
using three mathematical tasks designed to identify students’ mathematical
thinking styles and one mathematical modeling problem. The data were
analyzed using the performance characteristics associated with the steps of
Borromeo Ferri’s cognitive modeling cycle. The findings revealed that
students’ cognitive modeling routes differed according to their
mathematical thinking styles. These differences were evident in the
sequence in which they moved through the steps of the modeling cycle and
in the types of representations they used during problem solving. Moreover,
focusing on key information, eliminating irrelevant information, selecting
appropriate representations, and engaging in ongoing validation contributed
to greater accuracy and efficiency in the modeling process. These findings
may inform the design of mathematical modeling activities in mathematics
curricula.
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Extended Abstract

Introduction:

Mathematical modeling has become an important component of mathematics education because it
connects school mathematics with real-world situations and enables students to analyze and solve
real-world problems. Accordingly, mathematical modeling and related competencies have gained
increasing importance in mathematics curricula worldwide. The cognitive perspective on
mathematical modeling focuses on the cognitive processes students engage in during modeling and
examines these processes through a specific cognitive framework. The theory of mathematical
thinking styles provides a framework for analyzing students’ cognitive activities during the
mathematical modeling process. Previous international studies applying the mathematical thinking
styles framework to the analysis of modeling routes have primarily focused on certain thinking styles,
leaving the role of other styles in the modeling process less explored. Moreover, previous studies on
mathematical modeling in Iran have primarily addressed various aspects and outcomes of
mathematical modeling, with limited attention to students’ cognitive modeling routes and their
differences in relation to mathematical thinking styles. Drawing on the theory of mathematical
thinking styles and Borromeo Ferri’s cognitive modeling cycle, this qualitative study investigated
students’ cognitive modeling routes in relation to their mathematical thinking styles.

Methodology:

This qualitative case study involved 23 tenth-grade students from a school in Iran. After their
mathematical thinking styles had been identified in the first stage of the study, six students were
selected and assigned to three pairs for the second stage. Data were collected using three mathematical
tasks designed to identify students’ mathematical thinking styles and one mathematical modeling
problem. Students’ responses were analyzed using the performance characteristics associated with
the steps of Borromeo Ferri’s cognitive modeling cycle. The cycle consists of six phases: the real
situation, mental representation of the situation, real model, mathematical model, mathematical
results, and real results.

Results:
The modeling route of the students with a visual thinking style comprised five micro-cycles. These
students relied primarily on visual representations and imagery; however, they encountered
difficulties in moving from the real model to the mathematical model and engaged in validation only
to a limited extent, mainly at an intuitive level. The modeling route of the students with an analytical
thinking style also comprised five micro-cycles. These students tended to move more quickly into the
mathematical world and begin working mathematically. However, difficulties in identifying and
representing key information prompted them to return to the phases of constructing a mental
representation of the situation and developing a real model. The modeling route of the students with
a conceptual thinking style comprised four micro-cycles. These students readily completed the
mathematizing step by using a simple visual representation and validated their answers twice by
drawing on the assumptions and information provided in the problem, as well as logical reasoning.

Conclusion:

The findings revealed differences in the cognitive modeling routes of students with visual, analytical,
and conceptual thinking styles, including the conceptual style, which has received limited attention
in previous research on students’ modeling routes. These differences were reflected in the number of
micro-cycles, the sequence in which students moved through the steps of the modeling cycle, and the
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types and range of representations they used during problem solving. Furthermore, focus ing on key
information, eliminating irrelevant information, selecting appropriate representations, and engaging
in ongoing validation contributed to greater accuracy and efficiency in the modeling process. The
micro-cycles observed in students” modeling routes reflected the cyclical and dynamic nature of the
mathematical modeling process, consistent with previous research. These findings highlight the
importance of considering students’ cognitive differences in modeling instruction and may inform
the design and organization of modeling activities within mathematics curricula.
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