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Abstract

The aim of the study was to investigate the effectiveness of multimedia instruction
using the CTL approach on fourth-grade students’ understanding of geometric
concepts in mathematics. In terms of purpose, the study was applied research and
employed a quasi-experimental design with an experimental group and a control
group. The statistical population consisted of 890 female fourth-grade elementary
school students in Aligudarz City during the 2024—2025 academic year. A total of
70 students were selected through cluster random sampling and assigned to one
experimental group (35 students) and one control group (35 students), matched in
pairs based on pre-test scores. For multimedia instruction, an educational package
and instructional videos were used over six sessions (two sessions per lesson)
covering three topics from the fourth-grade mathematics curriculum. A researcher-
developed test was used to measure students’ understanding of geometric
concepts. The validity of the test was confirmed by experts, and its reliability was
established using Cronbach’s alpha coefficient of 0.852. The results showed that
the multimedia teaching method was effective in improving understanding of
geometric concepts related to perpendicular and parallel lines, quadrilaterals, and
perimeter and area among fourth-grade female students in Aligudarz City. The
findings indicate that interactive multimedia based on the CTL approach has
considerable potential to enhance mathematics learning at the elementary school
level. Characteristics of effective interactive multimedia with a CTL approach
include the use of rich visuals connected to real-world contexts; interactivity that
enables active exploration; authentic problem presentation; constructive feedback;
scaffolding tailored to students’ needs; and the integration of artistic and aesthetic
elements. These findings have important implications for mathematics teaching
practices in elementary schools. Teachers and multimedia developers can use
these characteristics as guidelines for designing interactive multimedia based on
an effective CTL approach.
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Extended Abstract

Introduction

Mathematics is a basic science that consists
of several parts, such as algebra, geometry,
statistics, and others; and each part has a
different  characMathematics is a
fundamental science that comprises several
branches, such as algebra, geometry, and
statistics, each with distinct characteristics.
Algebra emphasizes students’ ability to
manipulate symbols and apply analytical
skills in problem-solving; geometry focuses
on spatial visualization in two- and three-
dimensional space; and statistics emphasizes
students’ ability to collect, analyze, and
summarize data. Sutiarso et al. (2008) stated
that more than 40% of difficult mathematics
material is related to geometry. Some
branches of school mathematics, such as
geometry, require learning media that can
develop students’ visualization abilities,
particularly when studying geometric
figures. Despite this need, many teachers
still rely heavily on textbooks as their
primary instructional tool (Amir & Sari,
2018).  Textbooks typically  present
geometric figures as static images, which
can be challenging for students to interpret
and visualize in three dimensions (Glasnovic
Gracin, 2018). This limitation hinders
students’ ability to fully grasp geometric
concepts. Visualization plays a crucial role
in understanding and solving geometry-
related problems, as it enables students to
mentally manipulate and explore figures,
leading to deeper conceptual understanding
(Puloo et al., 2018).

To  create  meaningful learning
experiences, students need opportunities to
act, experiment, and experience concepts
directly, rather than remaining passive
recipients of information provided by the
teacher. Selvianiresa and Prabawanto (2017,
p. 2) explain that mathematics includes
abstract concepts that require interpretative
processes for understanding. Students can
learn these abstract concepts through real-
life activities, where learning is directly
connected to their daily experiences. Maétté
et al. (2023) found that providing learning
experiences related to mathematics within
students’ surrounding environments offers

opportunities to understand mathematical
relationships in  meaningful real-world
contexts. Such meaningful learning can be
achieved through the application of the
Contextual Teaching and Learning (CTL)
approach (Maattad et al., 2023). Surjono
(2017, pp. 2-3) defines interactive learning
multimedia as the integration of various
media—such as text, images, audio,
graphics, animation, and video—designed
synergistically and implemented through
computer-based technology to support
students in achieving specific learning
objectives. The content of interactive
multimedia typically includes competencies,
instructional materials, simple games,
practice questions, summaries, references,
and developer information. Meaningful
learning can be facilitated through the
implementation of the CTL approach, which
actively engages students by connecting
acquired knowledge with real-life contexts.
The CTL approach emphasizes linking
concepts to everyday life so that students can
derive meaning from what they learn.The
use of interactive multimedia in elementary
mathematics learning based on the
Contextual Teaching and Learning (CTL)
approach is supported by various studies
demonstrating its positive impact on
students’ understanding, engagement, and
motivation. By combining interactive
technology with contextual approaches,
research has identified significant benefits
for teaching abstract mathematical concepts
(Pratiwi et al., 2024).

Despite numerous studies in mathematics
education employing interactive multimedia
and examining its effects on mathematical
abilities or general learning outcomes, no
study has directly investigated the
combination of interactive multimedia
instruction with a Contextual Teaching and
Learning (CTL) approach in relation to
students’ understanding of geometric
concepts. Previous research has explored the
effects of interactive multimedia on
mathematical abilities; however, there is a
lack of studies specifically focusing on the
understanding of geometric concepts within
a CTL framework. This study was designed
to address this need. Therefore, the present
research aims to evaluate the effectiveness
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of interactive multimedia instruction based
on a CTL approach in improving students’
understanding of geometric concepts and to
fill this identified gap in the literature.

Methods

This study is a comparative investigation
conducted using a quantitative approach. In
terms of purpose, it is applied research, and
in terms of implementation, it employed a
guasi-experimental pre-test—post-test
design. The statistical population comprised
all female fourth-grade elementary school
students in Aligudarz during the 1402-1403
academic year, totaling 890 students.A total
of 70 students were selected through cluster
random sampling and randomly assigned to
two groups based on pre-test scores (35
students in the experimental group and 35
students in the control group). The Medad
educational software package and a
researcher-developed test were used for the
topics designed in accordance with Chapter
6 of the fourth-grade mathematics textbook.

Results
The analysis of covariance (n> = 0.813, F =
291.959) was significant for the topic of
perpendicular and parallel lines. Therefore,
there was a significant difference between
the control and experimental groups
regarding the effect of multimedia
instruction with the CTL approach on
understanding  concepts  related to
perpendicular and parallel lines among
fourth-grade female elementary school
students in Aligudarz City. Students who
received multimedia instruction based on the
CTL approach demonstrated a better
understanding of this topic. The analysis of
covariance (n? = 0.789, F = 250.780) was
also significant for the topic of
quadrilaterals. Accordingly, a significant
difference was found between the control
and experimental groups in terms of
understanding  concepts  related  to
quadrilaterals, indicating that students who
received multimedia instruction with the
CTL approach achieved better conceptual
understanding.

Similarly, the analysis of covariance (1> =
0.827, F = 319.283) was significant for the

topic of perimeter and area. These results
indicate that students who received
multimedia instruction based on the CTL
approach demonstrated a better
understanding of perimeter and area.

Multivariate  analysis of  students’
understanding of geometric concepts in
mathematics showed that the scores of each
component differed significantly between
the experimental and control groups,
confirming that multimedia instruction with
the CTL approach was effective in
enhancing students’ understanding of
geometric concepts.

Discussion and Conclusion

The findings indicate that the multimedia
teaching method was effective in improving
understanding of geometric concepts related
to perpendicular and parallel lines,
quadrilaterals, and perimeter and area
among fourth-grade female elementary
school students in Aligudarz City. The study
demonstrates that interactive multimedia
based on the CTL approach has considerable
potential to enhance mathematics learning at
the elementary school level.

Key characteristics of effective interactive
multimedia within a CTL framework include
the use of rich visuals connected to real-
world contexts; interactivity that enables
active exploration; authentic problem
presentation; constructive feedback;
scaffolding tailored to students’ needs; and
the integration of artistic and aesthetic
elements. These findings have important
implications for mathematics teaching
practices in elementary schools. Teachers
and multimedia developers can use these
characteristics as guidelines for designing
interactive multimedia grounded in an
effective CTL approach.

Keywords:Teaching multimedia with the
CTL approach, Geometric concepts,
Perpendicular and parallel, Perimeter and
area, Quadrilaterals.
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