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USING LIFE EXAMPLES AND ICT IN MATHS LESSONS
TO EXPLORE QUADRATIC FUNCTION
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Abstract: The article presents an example of the didactic treatment of quadratic
functions, quadratic equations, and graphical representations of quadratic
parabolas in mathematics lessons. The lesson was designed based on the
principles of active learning and linking mathematical concepts to real-life
situations. The students deepened their understanding of the material with the
help of a worksheet that allowed them to review concepts they had already
learned and solve problems independently with the help of technology.

Special emphasis was placed on incorporating integrating and communication
technology into the learning process. Students used the dynamic mathematical
software environment GeoGebra, which enabled them to visualize quadratic
functions and explore the influence of individual parameters on the shape and
position of the parabola. This approach enabled students to connect the
algebraic and graphical aspects of the subject matter and contributed to a
better understanding of mathematical laws.
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Introduction

In the digital age, mathematics is confronted with new challenges and
opportunities arising from rapid technological advances and the requirement
for more interactive and student-centred teaching methods. Integrating
digital tools into mathematics teaching is becoming increasingly important,
as it enables dynamic visualisation, deepens conceptual understanding and
strengthens students' motivation to learn abstract mathematical concepts.

Mathematics plays a key role in developing an individual's thinking
and cognitive abilities. The effectiveness of learning and understanding
mathematical content, as well as its application in real-life situations, is
significantly influenced by the teaching methods and approaches chosen. A
deep conceptual understanding is essential for the meaningful application of
mathematical knowledge, as it enables students to successfully transfer
knowledge to practical examples. Modern information and communication
technologies, such as computers, applications and software tools, which are
widely available online today, can also provide valuable support in this
regard.

Recent research emphasises that digital learning environments allow
students to explore mathematical concepts through experimentation, leading
to a deeper understanding and encouraging creative problem solving (Ilyas,
Ma'rufi, Basir, & Ekawati, 2025, Ardina, Bautista, & Delos Santos, 2025).
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The changes in education consequent to the pandemic, most notably
the transition to hybrid and online modes of teaching, have further expedited
the integration of technology into the educational sector. This highlights the
importance of developing careful pedagogical strategies that use digital
platforms such as GeoGebra to make mathematics education more
accessible, engaging and personalised for students.

Contemporary guidelines for teaching mathematics emphasise the
pivotal role of visualisation techniques and the effective use of information
and communication technology (ICT). In response to these needs, a
multitude of software tools have been developed for solving analytical and
algebraic problems. It is evident that GeoGebra is one of the most established
and versatile applications for illustrating mathematical content. This is due
to the fact that it combines geometry, algebra, analysis and numerical
approaches in a single, interactive learning environment (ILN) (Anajihah,
Sulistyowati, Harini, Agustito & Nugraheni, 2025).

The quadratic function is a foundational concept in secondary school
mathematics, facilitating the integration of algebraic procedures with
graphical interpretation. Despite its importance, students often perceive the
subject matter as abstract and disassociated from everyday experiences.
Consequently, it is logical to formulate an educational process that
incorporates real-world contexts and contemporary digital instruments to
support visualisation and exploratory learning (Hudu, Kwakye, Bornaa,
Churcher, & Atepor, 2023).

The role of ICT in the modern teaching of mathematics

The term ICT (information and communication technology) is broad
and includes many technologies, such as the internet, mobile devices, social
networks, computing, artificial intelligence, big data, and cloud computing.
These technologies have changed the way we think, work and communicate.

ICT 1is used in many ways, in many different areas, like education,
the economy, science and everyday life. ICT is useful because it can
automate many tasks, making them quicker and easier. This enables people
to work more efficiently. ICT also improves the accuracy, validity and
reliability of processes, and reduces the likelihood of errors. It helps people
make better decisions and manage information more efficiently (Hudu,
Kwakye, Bornaa, Churcher, & Atepor, 2023).

Interactive teaching methods and the thoughtful use of various ICT
tools encourage active learning and greater student involvement in the
learning process. At the same time, they help people to develop different
skills, like being able to judge their own work, working with other people,
and being able to solve problems using maths and science. These strategies
make learning maths fun and interesting, helping students to better
understand new topics (Nguyen, Nam, Hoang, & Dang, 2023).
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The function is one of the most important ideas in mathematics
because it connects different areas of the subject, from basic topics to more
challenging ones like derivatives and integrals. Understanding what
functions are, especially quadratic functions, is important for success in
learning, particularly when advancing to higher levels of other topics.
Students must understand the properties of quadratic functions and be able
to switch between their algebraic and graphical representations (Sebsibe &
Abdella, 2025).

ICT helps students to develop their mathematical thinking. This
ability helps them to gradually and successfully deal with more challenging
topics in functions. Students learn about functions in secondary school maths
and science classes and then learn more about them at university. As well as
being used in academic contexts, the idea of functions is also important when
analysing and modelling everyday problems (Sun, 2023).

There are many online tools that can help us solve maths problems.
We chose GeoGebra because it is free and does not need to be installed on a
computer. It also allows us to solve a wide range of problems, from
arithmetic to geometry.

When examining the findings provided as a result of the research, it
is observed that the use of GeoGebra lets students to make mathematical
generalisations and makes mathematics teaching processes fun and
entertaining (Yunianto, Bautista, van Borkulo, Lavicsa & Prahmana, 2025).

Real life problems

In physics, there are many interesting examples of quadratic
functions. These can be effectively addressed through modelling and
visualisation in GeoGebra. This approach shows how maths and physics are
connected and helps students understand how maths models can describe
natural things.

For example, think about how a ball thrown at an angle falls under
gravity. This can be explained by two quadratic functions: the first describes
the path (trajectory) of the body in the plane, and the second describes the
vertical position of the body as a function of time. With dynamic modelling
in GeoGebra, students can change the starting conditions (e.g. the initial
velocity or the angle of throw) and see how these changes affect the shape of
the parabola and the path it follows (Nepomucena, Da Silva, Jardim, & Da
Silva, 2017).

The quadratic function is not only used in physics. You can also find
it in architecture, for example in the curved arches of bridges and overpasses,
and in the shape of some roofs or structures where it is important to spread
forces evenly.

Economists use it to show and calculate how costs, income, and
profits change over time. The goal of finding the highest profit or lowest cost
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is based on analysing the parabola.

In optics, parabolic mirrors are used, and in technology, parabolic
antennas (e.g. satellite dishes, car headlights) direct light or signals to a single
point (the focal point).

The path of a ball when thrown at a basket, a soccer ball when kicked,
or a javelin when thrown follows approximately a parabolic trajectory. When
a linear model is not accurate enough, we use a quadratic (parabolic) model
to describe the data. For such modelling to help students learn, the teaching
process must be carefully planned. It can act as a bridge between abstract
mathematical notation and concrete physical interpretation with ICT, which
helps students to understand and remember the information better.

Use case
In the process of preparing the lesson, the following objectives were
established:
— understanding the concept of a quadratic function and its
graphical representation,
— solving quadratic equations and integrating algebraic and
graphical approaches,
— applying quadratic functions to model real-life problems,
—meaningful and critical use of ICT tools in learning mathematics.
In doing so, students develop the following competencies:
— mathematical competence and problem-solving skills,
— digital competence through the use of the GeoGebra software,
— analytical and critical thinking skills,
— independent and collaborative learning,
— connecting mathematical knowledge to everyday and technical
problem solving.

This pedagogical approach enhances student engagement, deepens
understanding of mathematical concepts, and supports the development of
key skills needed for success in modern society. Developing a strong
conceptual understanding of quadratic functions and their properties is
essential. Equally important is linking the solutions of quadratic equations to
their graphical representations. Quadratic functions should also be used to
model real-world phenomena, helping students see their practical relevance.
Finally, it is vital to foster the ability to use ICT thoughtfully and effectively
in the learning of mathematics.

A multifaceted approach was implemented with a view to supporting
the development of students' competencies. The use of dynamic
mathematical tools to enhance digital skills was a key component of the
programme. In addition, the integration of problem-solving tasks was
instrumental in strengthening mathematical understanding and problem-
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solving abilities. Furthermore, the introduction of learning strategies that
promote self-regulated learning was a significant element of the programme.
Moreover, emphasis was placed on the development of analytical and critical
thinking skills. In addition, endeavours were made to establish a connection
between abstract mathematical concepts and their real-world applications.
This approach was adopted with a view to engendering a more holistic and
meaningful understanding of mathematics.

The using GeoGebra and real-life problems approach has been shown
to contribute to greater learning effectiveness, encourage students to take an
active role, and support the development of key competencies that are
important for further education and functioning in modern society
(Nzaramyimana, Mukandayambaje, Iyamuremye, Hakizumuremyi, &
Ukobizaba, 2021, Nepomucena, Da Silva, Jardim, & Da Silva, 2017).

Methodology

The lesson on quadratic functions was designed around a worksheet
containing exercises that were carefully organized from basic to more
challenging. It began with an examination of the individual coefficients of a
quadratic function and their effect on the graph and continued with the
solution of real-life problems. The purpose of this design was to foster a
deeper understanding of key concepts, such as the graph of a quadratic
function, zeros, the vertex of the parabola, and the influence of coefficients
on the shape of the graph. Within the scope of the study, special emphasis
was placed on a comparative analysis of two approaches to learning: digital
and traditional.

To compare students' understanding of the basic concepts, the lesson
was conducted in two different ways. In Class A, students utilised the
GeoGebra software, which facilitated dynamic exploration of quadratic
functions, modification of parameters, and immediate observation of the
consequences of these alterations on the function's graph. This pedagogical
approach fostered inquiry-based learning, facilitated visualisation, and
promoted independent pattern recognition.

Conversely, in Class B, students adopted a more conventional
approach to the same content, namely the solving of worksheet problems
with the exclusive use of calculations and hand-drawn graphs. This approach
emphasised the development of computational skills, precision, and an
understanding of procedures without the use of digital tools. This enabled a
comparative analysis of the impact of different approaches on students'
comprehension of the material, their motivation, and their capacity to
interpret graphs of quadratic functions.

The lesson was based on a problem-solving and inquiry-based
approach. The students were guided through the process of analysing a real-
world problem and formulating a mathematical model using a quadratic
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function, as outlined in the provided worksheet. In order to do so, the students
made use of the GeoGebra software, which permitted the dynamic
modification of the function's parameters and real-time visual feedback. The
work was conducted individually and in small groups, which encouraged
collaborative learning and discussion.

At the beginning of the lesson, the students first entered the general
form of the quadratic function into GeoGebra. They then used sliders to
systematically change the values of the coefficients a, b and c, observing how
each coefficient affected the shape and position of the graph. This is shown
in Figure 1.

They investigated how the coefficient affect the openness and width
of the parabola, as well as whether it is facing up or down. When they
changed the value of , they observed how the vertex of the parabola moved
across the coordinate plane. For the value of , they noted how the graph
shifted along the y-axis, and how this value related to the initial value of the
function.

All findings, observations and conclusions were systematically
documented in a worksheet as they emerged, with supporting visual aids in
the form of graphs. Subsequent analysis entailed a comparison of these novel
findings with existing knowledge data from the chapter on linear functions,
encompassing the function's zero, initial value, domain and range. Engaging
in this practice enabled students to discern parallels and distinctions between
linear and quadratic functions, thereby enhancing their comprehension of
these novel concepts.

Figure 1: The effect of coefficients on the graph of a quadratic
function

2| 3

Later in the lesson, the students used a worksheet to solve real-world
problems involving the conversion of text into mathematical notation. Two
of these problems are shown in Figure 2 and Figure 3. First, the students
formulated the appropriate quadratic function. Then, they found the solution
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analytically and plotted and verified it graphically using GeoGebra.
Emphasis was placed on understanding the connection between
mathematical models and real-life situations, and on correctly interpreting
the obtained results.

Figure 2: real-life problem — throwing the ball

5. REAL-LIFE EXAMPLE: SHOOTING A BASKETBALLJ

Jure throws a basketball toward the hoop as shown in the picture. We assume that at the
beginning the ball is in his hands at point A(0, 6.12), the ball reaches its maximum at
point B(10.98, 14.56), and after 20 seconds it is 8.864 meters high. Enter these points
into a table in GeoGebra and draw a quadratic parabola through them. Write down the
equation of the quadratic parabola.

a) What is the shape of this graph? Write the equation of this graph.
b) What is the maximum height of the ball? Height: m, Time: s

c) When does the ball hit the ground? (find the intersection with the x-axis) Time: ]

Figure 3: real-life problem — cannonball
6. REAL-LIFE EXAMPLE: CANNOMBALL

Aprojectile is launched from a cannon and follows the equation

2

gt
h(t) = hD =+ ‘L?Dr — T
where his the height of the projectile at time t. The projectile is at a height of 15 m at
t=1sandataheightofSmatt =3 s.
h} Determine the initial height and the initial velocity of the projectile.

b) Determine the maximum height the projectile reaches.

Evaluation

The effectiveness of the pedagogical approach under review was
evaluated from several perspectives, namely through an analysis of
completed worksheets, ongoing observation of the students' work during the
lesson, and a reflection on their understanding at the conclusion of the
activity. Written assessments also provided additional confirmation of the
findings, revealing differences in the degree to which the learning objectives
were mastered between the two groups (Group A and Group B).

The findings of the analysis demonstrated that students in Group A,
who utilised a digital tool in their work, exhibited a more seamless and
expeditious connection between the algebraic expression of a quadratic
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function and its graphical representation. The integration of dynamic
visualisation tools has been observed to facilitate a more profound
comprehension of the influence of individual coefficients on the geometry of
the parabola. There has been a notable increase in awareness of the practical
applications of this material in everyday life. Furthermore, the integration of
information and communication technology had a favourable impact on
motivation, as students became more actively involved in the learning
process, exhibited greater independence in their research, and demonstrated
a willingness to explore a variety of solutions. It was also observed that the
subjects in this group exhibited a greater propensity to assist one another in
comparison to the subjects in Group B.

In contrast, students in Group B, who completed the tasks using
traditional methods, required a greater investment of time to complete
equivalent tasks. As the lesson concluded, a decline in motivation and
concentration was observed, which was also reflected in reduced work
efficiency. Despite the worksheet comprising tasks pertaining to real-life
scenarios, this proved inadequate in sustaining their level of engagement to
the same extent as observed in Group A. The results of the written assessment
further demonstrated that, on average, students in this group exhibited a
comparatively poorer understanding of the fundamental concepts of
quadratic  functions, particularly regarding connecting different
representations and interpreting graphs.

Conclusion

GeoGebra is a significant educational instrument that serves to
effectively bridge the gap between abstract mathematical theory and its
concrete, visual, and interactive representation. The programme has been
developed to enable students to actively explore mathematical concepts
through the dynamic manipulation of geometric concepts, algebraic
expressions, and statistical data, rather than merely passively accepting them.
This pedagogical approach has been shown to facilitate a more profound
comprehension of mathematical concepts, as students find it more
straightforward to establish connections between different mathematical
representations.

A significant benefit of GeoGebra is its intuitive and user-friendly
interface, which, in conjunction with real-time feedback, enables students to
instantaneously observe the outcomes of modifying individual parameters.
Consequently, students can observe the direct transformation of graphs and
mathematical objects, thereby encouraging experimentation, hypothesis
testing, and the independent identification of patterns. This pedagogical
approach is designed to facilitate active learning while concurrently
cultivating critical thinking and problem-solving skills, which are recognised
as fundamental competencies in contemporary education.
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Furthermore, GeoGebra facilitates effective differentiated
instruction. It is possible for teachers to create a variety of tasks and activities
that are tailored to the different levels of prior knowledge and abilities of
students within the same class. This allows students to progress at their own
pace. The programme thus supports the individualisation of the learning
process and promotes greater engagement among all students.

Another significant advantage of GeoGebra is its open accessibility
and availability across various devices (computers, tablets, and
smartphones), enabling its use in both school and home environments.
Consequently, it is regarded as an inclusive and widely accessible tool that
contributes to modern, digitally supported mathematics instruction and
promotes the development of students' digital competencies. It was found
that students found it easier to understand the connection between the
algebraic and graphical representations of a quadratic function and
recognised the application of mathematics in real-world contexts more
frequently. Using ICT had a positive impact on student motivation and their
active engagement in the learning process.

Future research should expand the use of GeoGebra to include more
advanced mathematical concepts, such as exponential and logarithmic
functions. This would enable students to visualise abstract concepts more
easily and gain a deeper understanding of the properties of these functions,
such as growth, decay and logarithmic scales. Additionally, we could connect
these concepts to concrete examples from everyday life, such as the Richter
scale, bacterial reproduction, radioactive decay, and the growth of capital
through interest. This would help students recognise the practical value of
mathematics and develop the ability to apply theoretical knowledge to real-
world situations. This connection between theory and practice could increase
motivation to learn further and lead to more meaningful and lasting
knowledge.

The author (Alenka Trpin) of this paper did not use Al to write this article.

References

Anajihah, N. M., Sulistyowati, F., Harini, E., Agustito, D., & Nugraheni, Z. (2025). Meta-
Analysis Study: Effectiveness of Using GeoGebra on Students' Mathematical Ability.
IndoMath: Indonesia Mathematics Education, 8(1), 44-54.

Ardina, G., Bautista, G. Jr., & Delos Santos, M. S. (2025). GeoGebra integration in
mathematics teaching: bridging research and classroom practice. Journal of
Interdisciplinary Perspectives, 3(8), pp. 845-856.

Hudu, A., Kwakye, D. O., Bornaa, C. S., Churcher, K. A., & Atepor, S. (2023). Students’
Performance and ICT Capabilities in Quadratic Functions Using GeoGebra.
Applied Sciences, 2(1), 219-231.

Ilyas, M., Ma'rufi, F. B., Basir, F. & Ekawati, S., (2025). Innovating numeracy learning
through GeoGebra integrated modules: An Indonesian secondary school study', Al-
Jabar: Al-Jabar: Jurnal Pendidikan Matematika, 16(2).

201



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL

Nguyen, T., Nam, H. H., Hoang, T. N., & Dang, H. T. T. (2023). 4 review of studies on math
teaching methods. JETT, 14(2), 448-463.

Nzaramyimana, E., Mukandayambaje, E., Iyamuremye, L., Hakizumuremyi, V., &
Ukobizaba, F. (2021). Effectiveness of GeoGebra towards students’ active learning,
performance and interest to learn mathematics. International Journal of Mathematics
and Computer Research, 9(10), 2423-2430.

Nepomucena, T. V., Da Silva, A. C., Jardim, D. F., & Da Silva, J. M. (2017). 4 study about
teaching quadratic functions using mathematical models and free software. In
Journal of Physics: Conference Series (Vol. 936, No. 1, p. 012069). IOP Publishing

Sebsibe, A. S., & Abdella, N. M. (2025). The effect of GeoGebra integrated instruction on
students’ learning of the quadratic function concept. F1000Research, /4, 671.

Sun, X. (2023). Enhancing teaching quadratic functions: The benefits, challenges, and
recommendations of using GeoGebra. Academic Journal of Mathematical Sciences,
4(5), 23-30.).

Yunianto, W., Bautista, G. J., van Borkulo, S. P., Lavicsa, Z., & Prahmana, R. C. 1. (2025).
GeoGebra pop-up notifications as scaffolds for computational thinking in
mathematics lessons. Mathematics Education Journal, 19(4), 767-784.

Notes on the author

Alenka Trpin is a professor of mathematics and computer science and teaches
mathematics and computer science at the Secondary Vocational School in Skofja Loka,
Slovenia. Furthermore, she is involved in the development of programmes that are based
on neural networks. Her research focuses on the extraction of information from images,
with specific emphasis on image segmentation and classification. E-mail:
alenka.trpin@scsl.si

202



