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This study aims to examine the role of mathematical modeling supported by
educational technology, with the Excel spreadsheet as an accessible and user-
friendly example, in enhancing the learning of three key high school
mathematical concepts: recursive sequences, rate of change, and working
with large numbers. In this research, a modeling course was designed and
implemented with content closely aligned to essential school mathematics
concepts, enabling students to experience these ideas in authentic contexts.
A total of 33 secondary school students participated in a workshop in which
they modeled rabbit population growth using Excel. The course was designed
to familiarize students with the modeling cycle and to provide opportunities
for them to engage with recursive sequences, rate of change, and large
numbers in authentic contexts. Data were collected through researcher-
designed pre-tests and post-tests and analyzed using the non-parametric
Wilcoxon signed-rank test. The results revealed a significant improvement in
students’ scores across all three variables. These findings suggest that, when
integrated with educational technology, mathematical modeling can foster
deeper conceptual understanding and increase motivation in mathematics
learning.
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Extended Abstract

Introduction

Mathematical modeling provides an authentic context in which students can explore mathematical
concepts through real-world phenomena. When combined with digital technologies, modeling
activities can promote conceptual understanding by allowing students to investigate patterns,
visualize mathematical relationships, and perform calculations that would otherwise be difficult.
Among widely available educational technologies, Microsoft Excel offers a simple yet powerful
environment for constructing mathematical models, generating recursive sequences, and analyzing
numerical data.

This study investigates the effectiveness of an Excel-based mathematical modeling activity in
improving secondary school students' understanding of three fundamental mathematical concepts:
recursive patterns and sequences, rate of change, and reasoning with large numbers. The instructional
activity was designed around a population-growth modeling problem that required students to
formulate recursive relationships, identify emerging patterns, and interpret exponential growth using
spreadsheet calculations and visual representations.

Methodology

The study employed a one-group pretest—posttest design involving 33 secondary school students from
grades 9 to 11 with different educational backgrounds. The instructional intervention was
implemented during two mathematics enrichment programs.

Before instruction, students completed a researcher-designed pretest assessing their understanding of
recursive sequences, rate of change, and large numbers. After participating in the modeling activity
using Microsoft Excel, they completed a parallel posttest measuring the same learning objectives.
Students' written responses and Excel files were analyzed using a binary scoring procedure. Minor
computational or spreadsheet-entry mistakes that did not reflect conceptual misunderstanding were
treated separately from genuine misconceptions. Since the paired score differences did not satisfy the
normality assumption, the Wilcoxon signed-rank test was used to compare pretest and posttest
performances.

Results

The results demonstrate a statistically significant improvement in students’ mathematical
understanding after the instructional intervention. The Wilcoxon signed-rank test revealed a
significant difference between pretest and posttest scores (p < 0.05), indicating that the spreadsheet-
based modeling activity positively influenced students' conceptual learning.

Students showed notable improvement in recognizing recursive patterns, interpreting rates of change,
and reasoning about very large numbers generated by exponential processes. The proportion of
students achieving completely correct solutions increased substantially from approximately 18% in
the pretest to nearly 70% in the posttest.

Additional analyses indicated positive learning gains across different school types, grade levels, and
previous modeling experience, although students with prior exposure to mathematical modeling
achieved higher overall performance.

Discussion

The findings suggest that spreadsheet-supported mathematical modeling can effectively strengthen
students' conceptual understanding of fundamental mathematical ideas. Rather than emphasizing
routine calculations, Excel enabled students to focus on identifying mathematical structures,
exploring recursive relationships, visualizing growth processes, and interpreting numerical results.
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The modeling context encouraged students to connect abstract mathematical concepts with
meaningful real-world situations while reducing the computational burden associated with large
numerical calculations. Furthermore, the visual and interactive features of spreadsheets appeared to
enhance students' engagement and confidence in solving complex mathematical problems.

Overall, this study provides empirical evidence that integrating mathematical modeling with
accessible digital tools such as Microsoft Excel offers a practical and effective instructional approach
for secondary mathematics education. Future research may investigate the long-term retention of
conceptual understanding and compare spreadsheet-based modeling with other technology-enhanced
learning environments.
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