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ABSTRACT

The present study explored the effectiveness of GeoGebra in enhancing students’ active learning,
performance and interest to learn mathematics. Much emphasis was put in teaching and learning
exponential and logarithmic functions. The general intention was to investigate whether the use of
ICT be used to improve the teaching and learning of mathematics in Rwandan Secondary Schools.
The present study is an experimental research design that employed Grade 11 students of one
secondary school within Kayonza district of Rwanda. Thus, sample of 34 Grade 11 students were
taught exponential and logarithmic functions with the use of GeoGebra from 19 August 2019 to 30
October 2019. Before the intervention, a short group discussion with Grade 11 students was conducted
to see the students’ attitudes about learning mathematics using ICT tools. Besides, a mathematics
teacher was asked a challenging topic to teach within conventional classroom. After learning with the
use of GeoGebra, an attitudinal survey questionnaire was used to collect quantitative data about the
effectiveness of GeoGebra in learning mathematics. Data were analyzed descriptively using Excel
2016. It was found that students acquired more knowledge. The study showed that students can learn
independently through interactive dynamic software. The results, therefore, showed that students’
Corresponding Author: interest to learn mathematics increased. There is a need to strengthen one laptop per student program
Etienne to enhance students’ independent learning of mathematics.

Nzaramyimana

KEYWORDS: Active Learning, Exponential And Logarithmic Functions, GeoGebra, Mathematics, Students’ Interest,
Teaching And Learning.

INTRODUCTION

In this modern era where technology is becoming a custom of
the current generation, integrating the medium that can satisfy
learners’ interest is notable (Moore, 2008; Saha, Ayub, &
Tarmizi, 2010; Akkaya, Tatar, & Kagizmanli, 2011; Shadaan
& Eu, 2013; Wassie & Zergaw, 2019). The educational
system in the 21% century focuses on globalization and
internalization. Following this line, Information and
Communication Technology (ICT) is required to give a
significant contribution to education. This requires educators
to have the prerequisite of ICT resources including software,
hardware, and the curricula which are designed to support
collaborative and learner-centered approaches (REB, 2015;

Brown, 2017). Technology provides access to phenomena
that were previously abstract for many students (Lombardi,
2007). It is the reason why Rwanda, in line of Vision 2030,
has an ambition of becoming a knowledge-based and
technology-led economy by emphasizing on the need of
generating, disseminating, and acquiring scientific skills and
technological innovations. This requires Rwanda to adopt a
policy of integrating technology in social and economic
development by applying ICT in education especially in the
field of applied and natural sciences in line with the
implementation of a Competence-Based Curriculum (REB,
2015). Though ICT does not automatically enhance the
learning of students or replace a teacher (Boholano, 2013),
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however, technology is a good tool for education of 21%
century and online activities that can replace to some extent
face-to-face interactions (McCoog, 2008). One of these tools
is GeoGebra.

There are many software packages used in mathematics
education which are costly but GeoGebra is available free and
open access on the web in 45 languages and it can be used
both online and offline. GeoGebra is judged effective since
its integration enhanced lesson delivery and stimulated
students towards their learning and thus, enhanced students’
academic achievements (Wassie & Zergaw, 2019). GeoGebra
is dynamic multi-platform mathematical software developed
by Markus Hohenwarter in 2002 to facilitate the learning of
mathematics. GeoGebra enables the production of self-
standing dynamic worksheets as interactive java applets
rooted in hypertext markup language (HTML) pages
equipped with vibrant constructions and interactive
calculations (Velichova, 2011). GeoGebra is a good tool for
teaching and learning geometry, algebra, and calculus.
GeoGebra helps students to do mathematics in experimental
ways (Hohenwarter & Fuchs, 2004). For example, with
GeoGebra students can estimate the perimeter of the circle by
drawing the circle with the mouse and students can also
manipulate the equation of the circle and see how it changes
in graphic view (Hohenwarter & Fuchs, 2004). In addition,
Hohenwarter and Fuchs (2004), Saha, Ayub, and Tarmizi
(2010) and Vasquez (2015) pointed out that GeoGebra can be
used for demonstration, visualization, construction/ drawing
tools in Geometry, and discovery of mathematics where
students can create their own knowledge. Hohenwarter and
Preiner (2000) noted that GeoGebra is software that can be
used in teaching and learning mathematics from middle
schools to university level. GeoGebra helps students to study
mathematics not only in the classroom but also at home
(Dikovi, 2009; Charles and Gladys, 2018). Therefore,
GeoGebra and other dynamic mathematics software packages
integration in teaching and learning mathematics may
increase students’ achievements both in the internal and
external examination, at the same time enhancing positive
attitudes towards mathematics (Akanmu, 2016).

Therefore, there is a need to shift from a routine and rote
learning dominated by abstract mathematical concepts with
incorporating technology into mathematics classroom, where
visualization is a valuable competence and a key of
mathematical thinking (Saha et al., 2010; Dockendorff &
Solar, 2018). Teachers should therefore embrace the new
coming and evolving technology and endeavor to implement
it in the classroom to make their students love mathematics
and therefore get actively involved in constructing their
knowledge. The general intention was to investigate whether
the use of ICT can be used to improve the teaching and
learning of mathematics in Rwandan Secondary Schools.
The current study sought to explore Grade 11 students’
interaction with GeoGebra software while exploring the

relationships between logarithmic and exponential functions,
in one of the secondary schools within Kayonza District,
Rwanda. Thus, the presented study was specifically guided
by the following research questions:

1) What are students’ attitudes about interacting with ICT
tools while learning mathematics?

2) What is the added value brought about by the use of
GeoGebra in teaching and learning mathematics?

LITERATURE REVIEW

Technological need in teaching and learning mathematics

Since the early 1980s, a range of software has been developed
for the purpose of helping teachers and students use
computers as teaching and learning tools through exploration
rather than just as drill machines (Clements & Battista, 1992).
The main purpose of these technological developments was
to guide students through a discovery process that encourages
students to first visualize and analyze a problem and then
make conjectures before attempting a calculation or a proof.
Different educational researchers (e.g. Niess, 2002; Biyela,
2008; Botha, 2011) have studied how mathematics can be
taught to enhance students’ motivation and achievement. In
addition, technology helped the students to understand
mathematical concepts and influences how effectively
mathematics is taught (Philip, Wozney, & Venkatesh, 2006;
Ertmer & Ottenbreit-Leftwich, 2010). Waxman, Connell,
and Gray (2002) revealed that students who use technology
in their learning improve their learning outcomes better than
those who learned without technology. In particular, the use
of dynamic software like GeoGebra in teaching and learning
creates an interactive learning environment and allows
students to explore, collaborate with their peers and create
their own knowledge (Vasquez, 2015). For example, Mustafa
(2015) in his study while teaching limit and continuity of a
function at the secondary level, found that the students in the
experimental group advanced in their conceptual
understanding of limits and continuity after the intervention
of GeoGebra better than the control group. Furthermore,
Funkhouser (2003) found that teaching and learning
Geometry computer augmented activities improves students’
understanding of the geometrical concepts than students who
have underwent traditional approaches. The use of
technology is therefore vital since it serves as a methodology
of intervention in education, and offers the learning content
and objectives as a medium to develop the teaching and
learning process (Voogt, 2008).

Effectiveness of GeoGebra in enhancing students’ interest
in learning mathematics

There are various studies that have been carried out and found
that the use of GeoGebra in the teaching and learning of
mathematics enhances students’ interest (Arbain & Shukor,
2015; Singh, 2018; Wassie & Zergaw, 2019; Jusufi &
Kitanov, 2019). For instance, Arbain and Shukor (2015)
carried a study on teaching and learning mathematics with
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special reference to statistics. Using GeoGebra as an
intervention, the study revealed that GeoGebra can enhance
student’s perception in terms of motivation and confidence in
learning mathematics, statistics for example. Similarly, with
visual learning tools equipped by GeoGebra, this geometric
dynamic mathematical software was found to enhance
secondary school students’ achievement and motivation in
the learning coordinate geometry (Saha, Ayub, & Tarmizi,
2010; Vasquez, 2015). In addition to these skills, visuals help
grab students’ attention and engage them in their learning
(Shabiralyani et al., 2015). Likewise, GeoGebra and other
dynamic mathematics software can enhance the ability of
students in visualizing the mathematical elements which
make them interact with mathematical concepts either
individually or in groups (Saha et al., 2010).

Kemp (2006) conducted a study on students’ self-engagement
and found that students were happy and actively engaged in
the lesson using GeoGebra software whereby students
explored and went beyond what was assigned by the teacher.
Besides, it was observed that GeoGebra software has a
positive outcome in motivating students toward learning and
retaining their knowledge for a longer time (Choi, 2010;
Khobo, 2015). Furthermore, GeoGebra helps the students to
learn independently or in collaboration with others either in
the classroom or outside (Gladys, 2018). Shadaan and Eu,
(2013) argued that GeoGebra is an effective tool that
enhances teaching and learning Geometry and calculus. The
results of this study are in accordance with Saha et al.' s
(2010), Zengin, Furkan, and Kutluca' s (2012) and Shadaan
and Eu' s' (2013) findings which showed the positive effects
of using GeoGebra as a result motivating the students towards

learning of geometry. According to Bester and Brand (2013),
students become motivated and improve their thinking skills
when given the opportunities to explore the available
technological resources. Although, literature is full of
benefits in students’ achievements when using technology in
general and GeoGebra in particular, however, the present
study brings its contribution in capturing secondary school
students’ attitudes while interacting with GeoGebra in
mathematics lessons whereby technology tools are not yet
fully embedded in the teaching and learning process.

RESEARCH METHODOLOGY

The present study is an experimental study. With an
experimental study, researchers introduce an intervention and
then study the effects (Cohen, Manion, & Morrison, 2007, p.
253). This study was conducted in one of the secondary
schools within Kayonza District, from 19 August, 2019 to 30
October, 2019. The sample constitutes 34 Grade 11 students.
Grade 11 students were selected because they are able to
respond freely in evaluating and judging accurately how they
are taught while answering a survey questionnaire. In
addition, Grade 11 students sometimes use computers within
their School while learning other subjects. Thus, before the
intervention of teaching logarithmic and exponential function
using GeoGebra, students were given a semi-structured
interview about comparing learning mathematics within
conventional classroom with when learning using ICT tools.
To conduct our study, the six milestones with their
corresponding guiding questions for each milestone were
developed and implemented. The research methodology
process is summarized in table 1.

Table 1. Milestones and corresponding guiding questions of the research process

Milestone number Activity Guiding question

One The conception of the study How can the use of ICT be used to improve the teaching and
learning of mathematics in Rwandan Secondary Schools?

Two Plan and timeline Who does what and when?

Three Fieldwork Which mathematics subject areas are the most challenging for
teachers to handle and effectively teach and why?
What are the students’ attitudes towards learning mathematics by
using ICT tools?

Four Selection of the subject area | Which mathematics subject area can effectively be taught using
which ICT resources?

Five Plan for action Are we (researchers) prepared to effectively take action?

Six Taking action: Data analysis | How did the use of GeoGebra add value to the teaching and

and interpretation learning of exponential and logarithmic functions?

In milestone one, researchers conceived the study by asking
themselves how ICT can be used to improve the teaching and
learning of mathematics in Rwandan Secondary Schools. In
milestone two, researchers developed an action plan. In
milestone three, researchers went to Secondary School X (for
confidential reasons) prior to getting permission from head

teachers, and students were observed while learning in their
conventional classroom settings. The school X was selected
because it has computer labs where students sometimes learn
mathematics using ICT tools. After observation, the
mathematics teacher was asked to give the most challenging
topics to teach with conventional methods. The teacher
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identified Exponential and Logarithmic function and Space
Geometry: “Points, Straight lines, Planes and Sphere in 3D”.
In milestone four, researchers selected randomly Exponential
and Logarithmic functions and were taught with the use of
ICT tool commonly known as GeoGebra software. In
milestone five, researchers prepared the required pedagogical
documents, such as lesson plans, content books, and the
syllabus of mathematics.

Researchers installed GeoGebra software in their computers
(laptops), explored the installed software, and then micro-
teaching was done prior to having a real classroom teaching.
In milestone six, researchers went to the school, 34 students
were taken to the computer laboratory and each student learnt
using a computer. During instructions, one researcher gave
instructions on how to graph the given functions and helped
students and thereafter helped students to find out the
relationship between exponential and logarithmic functions
using GeoGebra.

The leading researcher gave instructions for each step, and
students followed instructions. Besides, the other four
researchers were moving into students responding to the
needs of students and helped them. Each researcher was
assisting eight to nine students. However, the faster students
could assist their fellow slow learners within the activity.
Within this study, researchers were mostly interested to see
how students interact actively with the computer using
GeoGebra software to explore the relationship between
exponential and logarithmic functions. To track students’
views and the level of satisfaction with the use of GeoGebra,
students were given an attitudinal survey questionnaire.

The data collection tool was survey questionnaire. Data
collected from the survey questionnaire was analyzed
descriptively using Excel 2016.

RESULTS PRESENTATION AND DISCUSSION

While conducting a short group discussion with Grade 11
students, students have reported that they sometimes use ICT
tools while learning different subjects. Students argued that
the use GeoGebra and other soft wares can enhance their
understanding of difficult concepts in mathematics. Students
agreed that they enjoy interacting with ICT tools. Students
also reported that, with the use of GeoGebra, they can be able
to visualize with accuracy and interpret different graphs.
Students further confirmed that with the use of ICT tools will
make them understand more the mathematics subject.

While exploring the effectiveness of GeoGebra while
learning mathematics, a lesson was delivered with GeoGebra
assisted mathematics instruction, where students interacted
with the software with the help of the researchers. The lesson
began with a brief introduction on how to use GeoGebra.
During lesson delivery, the following mathematical activities
were given to students:
1) Sketch using GeoGebra the following functions on the
same set of axes
y=2" s y=8" 5 y=
1 X
G)
2) Using GeoGebra, enter y = a* into the input bar and
use the feature of a slider to change the value of a

The students’ activities results are illustrated below.

Fig.1 Students performing given activities

The students observed the effects of varying the value of a
and found the important properties of these graphs of the form
f(x) = a* (where a > 0). They found that when a = 1, they
get constant function f(x) = 1; whena > 1, the function
increases rapidly for positive x; 0 < a < 1, the function is
decreasing and they found that for any value of a, the graph

always passes through the point (0,1). The graph of f(x) =
a—lx is a reflection, in the vertical axis, of the graph of f(x) =

ax

3) Using GeoGebra, enter y = log, x into the input bar
and use the feature of a slider to change the value of a
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The students’ activities results are illustrated below.

Fig. 2 Students’ graphs of f(x) = log,x

The students observed the effects of varying the value of a
and found the important properties of these graphs of the form
f(x) =log,x (wherea > 0,a # 1,and x > 0). They found
that whena > 1, the function increases for positive x,
while for 0 < a <1, the function decreased; and they
found that for any value of a, the graph always passes through
the point (1,0). The graph of f(x) = log% x is a reflection,

in the vertical axis of the graph of f(x) = log,x .

The students’ activities results are illustrated below.

Relationship between exponential and logarithmic function
While establishing the relationship between exponential and
logarithmic functions, the following are the steps followed:

1) Sketch the function y = e*

2) Sketch the function y = x

3) Reflect the function y = e*on the liney = x

4) Find the inverse of y = e* and sketch the function

found

5) Observe the effect

Fig. 3 The relationship between y = e* and y = log.x

While finding the inverse of y = e*, students found y = e* .

After sketching the inverse function, students realized that the
exponential function y = e* is a reflection of the logarithmic

function y = log,x to the symmetric line represented

by f(x) = x. Therefore, students concluded that
logarithmic functions are inverses to exponential functions.
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After delivering the lesson, a survey questionnaire was
distributed to students to collect information about their
satisfaction and attitudes about using GeoGebra software in

teaching and learning logarithmic and exponential functions.
The responses of students are illustrated in the fig.4 below.

Students’ levels of agreement in %

GeoGebra will help me to sketch exponential and other mathematical functions

GeoGebra facilitated me to explore and understand the content being taught

Teaching strategies used were relevant to me

GeoGebra use enhanced my understanding

GeoGebra use made me confident

GeoGebra will help me to perform some Maths activities.

GeoGebra is importantly needed in teaching and learning Maths

The content taught was relevant to me

0 20 40 60 80

Strongly Agree Agree Disagree M Strongly Disagree

Fig. 4 Students’ attitudes about the effectiveness of GeoGebra software in teaching and learning mathematics

From the fig. 4, the results showed that 70.37% of the not be easy to learn in the conventional classroom

students strongly agreed that the lesson was relevant. In
addition, 66.67% of the students also strongly agreed that
GeoGebra is importantly needed in teaching and learning
mathematics. With the same percentage, 66.67% of the
students strongly agreed that GeoGebra will help them to
perform activities related to that are given by the teacher.
When students asked if they feel strongly confident and
motivated to explore GeoGebra software, 59.26% of the
students have strongly declared that they feel confident and
motivated. With the same percentage of 59.26%, students
strongly agreed that GeoGebra will help me to sketch
logarithmic and exponential functions easily. While 55.56%
strongly agreed that GeoGebra facilitated them to explore and
deeply understand the content being taught.

These results show that students were interested and actively
engaged to interact with GeoGebra software to construct their
own knowledge. Velichova (2011) also stated that GeoGebra
is a dynamic software with pages equipped with vibrant
constructions and interactive calculations. Students showed
also that they captured the relevance of integrating GeoGebra
in teaching and learning Mathematics especially in exploring
exponential and logarithmic functions. Indeed, with
GeoGebra students can manipulate exponential and
logarithmic functions by changing the values of a slider and
make different changes in graphic view (Hohenwarter &
Fuchs, 2004). This means that students are enthusiastic, and
committed to learn with the use of GeoGebra (Wassie &
Zergaw, 2019). This may be explained by the fact that
students got the chance to explore as many graphs as possible
in very concrete, clear, precise, and reliable ways, that would

environment as was also stresses by Saha et al. (2010). This
visualization is a valuable competence and a key of
mathematical thinking.

CONCLUSION AND POLICY IMPLICATIONS

The present study highlighted the effectiveness of GeoGebra
in enhancing students’ active learning, performance and
interest to learn mathematics. The study emphasized on how
exponential and exponential functions can be taught
effectively with the use of GeoGebra. The study showed that
students acquired more knowledge about exponential and
logarithmic functions, since they were able to deeply explore
the related concepts with the use of dynamic software. Thus,
the study results from attitudinal survey questionnaire
showed that students’ interest has increased.

Though computer distribution is not yet satisfactory in all
secondary schools, especially for developing countries, the
program of one laptop per student should be emphasized
since not all schools are fully equipped with computers. Once
students have their own computers, they can interact with the
software even when they are at their homes home (Dikovi,
2009; Charles & Gladys, 2018). There also a need to train
teachers about how GeoGebra works since mathematics is
still taught in traditional ways.
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