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The present study aims to investigate the effect of using intuition on
improving the understanding of the concept of “division by zero” through
dynamic diagrams in the GeoGebra environment. Division by zero is one of the
challenging topics in mathematics education, which is often accepted by
students merely as a rule, without conceptual understanding. In this regard,
inspired by the approach introduced by Droujkova and McLoughlin (2013), an
instructional intervention based on dynamic visual representations was designed
and implemented. In this quasi-experimental study with a pre-test—post-test
design, 70 high school students from Shazand city participated. The data
analysis results indicated that the educational intervention significantly
improved students’ conceptual understanding of division by zero. The findings
suggest that the use of visual and dynamic educational tools such as GeoGebra
can effectively enhance students’ conceptual understanding of abstract
mathematical concepts and should be considered in the design of innovative
teaching methods.
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Extended Abstract

Introduction

Crespo and Nicol (2006) argue that many students perceive zero as “nothing” and therefore ignore it when
solving mathematical problems. Consequently, they tend to accept the statement “division by zero is
undefined” merely as a rule given by the teacher, without conceptual understanding (Kaplan, 2000). To
address this issue, mathematics instruction should enable students to visualize and interpret abstract
concepts through real-world contexts.

This study focuses on teaching the concept of “undefined division by zero” through three instructional
approaches:

1. Formal reasoning — explaining mathematical rules,

2. Concrete reasoning — using real-life examples, and

3. Constructivist learning — fostering conceptual understanding through dynamic visualizations and
interactive graphs.

Research questions
How intuitions impact on better understanding the concept of division by zero through dynamic charts.

Methods

This study employed an experimental, one-group pretest—posttest design to examine the impact of dynamic
graph-based instruction on students’ conceptual understanding of division by zero. The participants were
62 secondary school students randomly selected from Shazand, Iran. A performance-based questionnaire,
adapted from Ball (1998), was used to collect data before and after the intervention. Its content validity was
confirmed by three experts, and internal consistency was acceptable (Cronbach’s a = 0.78).

The intervention involved two sessions of instruction using dynamic visualizations created in GeoGebra.
Students interacted with movable points on the graph to explore relationships among the dividend, divisor,
and quotient. Data were analyzed using descriptive and inferential statistics (paired t-test, ANCOVA, and
effect size measures), complemented by qualitative content analysis of students’ reasoning patterns.

Results

Quantitative data were analyzed using SPSS (version 26). The percentage of correct responses increased
substantially from the pretest (43.5%) to the posttest (85.5%), indicating a notable improvement in students’
conceptual understanding of division by zero. A paired t-test confirmed that this difference was statistically
significant, t(61) = 8.72, p < 0.001, with a large effect size (Cohen’s d = 1.11). The Shapiro—-Wilk test
indicated normality (p =0.21). ANCOVA results also showed a significant effect of the instructional method
after controlling for pretest scores, F(1, 59) = 14.36, p < 0.001, n* = 0.20.

Qualitative findings supported these results, revealing that dynamic visualization reduced conceptual errors
and strengthened students’ use of visual and intuitive reasoning.

Discussion
The findings of this study demonstrate that the use of dynamic charts within the GeoGebra environment
significantly enhances students’ conceptual understanding of division by zero. The considerable
improvement in post-test scores, along with the large effect size (Cohen’s d = 1.11), indicates that the visual
and interactive features of dynamic representations promote deeper learning compared to traditional
instruction
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From a constructivist perspective, these results suggest that when learners actively manipulate mathematical
representations and observe real-time changes, they construct more meaningful and durable knowledge
structures. The visual disappearance of the quotient line as the divisor approaches zero provides a tangible
and intuitive experience of “non-existence,” bridging the gap between abstract reasoning and concrete
understanding.

This outcome aligns with the theories of Piaget and Vygotsky, emphasizing the importance of active
learning, interaction, and visualization in developing mathematical reasoning. It also supports Bruner’s
concept of multiple representations, where learners move from enactive and iconic stages toward symbolic
understanding through guided exploration.

Moreover, the qualitative data revealed that students shifted from purely formal and rule-based reasoning
toward more intuitive and visual explanations, indicating a transformation in their cognitive approach to
mathematical abstraction. This confirms that technology-enhanced visualization can serve as a powerful
mediating tool in conceptual mathematics instruction.

Overall, integrating dynamic visual tools such as GeoGebra into mathematics education can bridge the gap
between procedural knowledge and conceptual understanding. By enabling students to “see” the meaning
behind abstract expressions, teachers can foster both engagement and deep comprehension—especially in
complex topics like division by zero.
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