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Abstract Technology is embraced as an integral part
of modern society, and hence it is also important for
education to integrate various aspects of technology into
teaching and learning. The South African National
Development Plan (NDP) also prescribes the inclusion of
quality technology to enhance the classroom experiences
of both teachers and learners. GeoGebra is one of the
preferred mathematics software in South African high
schools. This qualitative study explores the challenges of
teachers in the integration of GeoGebra in the teaching of
mathematics in South African high schools. Using
interpretivism as a research paradigm, we listened to and
recorded the views of teachers about challenges they
experienced in the integration of GeoGebra. The data was
elicited from four purposively selected teachers from the
Bojanala District in the North West Province of South
Africa by using unstructured interviews which were
transcribed, coded and categorised into relevant themes.
The selected teachers signed the consent forms as part of
their willingness to participate voluntarily in the study. The
study supports the view that teachers are pivotal factors in
the integration of GeoGebra and hence the need to
understand their challenges. The key finding revealed was
that South African high schools were being robbed and
vandalised of ICT equipment because of security issues.
Further, each school owned only one data projector which
stifles efforts to strengthen teachers’ knowledge and skills
in implementing the integration of GeoGebra into
mathematics lessons. Consequently, this loss of equipment

disadvantages teachers and learners concerning the
integration of GeoGebra into mathematics lessons because
learners did not have computers for exploring and
experimenting, and teachers are becoming demotivated
due to insufficient resources and a lack of modern skills to
make mathematics lessons interesting and productive.
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1. Introduction

Modern society utilises technology that permeates
almost every aspect of life. Therefore, the integration of
technology into the education system is one way of dealing
with the challenges in mathematics which will uplift the
performance if applied skilfully and knowledgeably.
Various studies investigate the integration of technology as
part of the solution to address mathematics teaching and
learning challenges [15]; [40]. The South African National
Development Plan (NDP) also prescribes the inclusion of
quality technology to enhance the classroom experience of
both teachers and learners. This highlights the confidence
placed in the integration of technology as a means through
which mathematics education can be improved [51].

Mathematics software programmes are known to be
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advantageous as it encourages teachers to focus on specific
mathematics topics, bring about dynamic movement,
utilise sound and graphics to enhance learning by making a
contribution to problem-solving tasks, practising number
skills, and exploring patterns and relationships [59]. These
assist learners with conceptualising and simplifying
abstract ideas in mathematics which enhance their learning
and improve academic results. GeoGebra is one of the
mathematics software tools that is regarded as being
effective in teaching mathematics, not only for better
conceptual understanding, but also that it promotes a
fun-learning atmosphere [57]. Understandably, the
Ministry of Education in Australia has made GeoGebra
software freely available at schools and universities since
2006. It has also been adopted by Florida Atlantic
University in America for their mathematics project to
enhance the teaching and learning of mathematics [33].

According to [54], in Trends in International
Mathematics and Science Study (TIMSS), which is a
mathematics assessment written by South African high
school learners in Grade 9, South Africa is ranked among
the weakest internationally, in terms of mathematics
performance.

Hence, modern technology and other relevant software
tools including GeoGebra should be used as part of the
integration strategy in the teaching and learning of
mathematics in order to upgrade performances. GeoGebra
has been applied widely in South African high schools with
research showing its use mainly in KwaZulu-Natal,
Limpopo, and Gauteng [11];[16].This article identifies
challenges experienced by teachers in South African high
schools concerning the integration of GeoGebra into
mathematics lessons.

Integrating technology into mathematics
teaching-learning situations remains a challenge for
teachers; and this emanates from a lack of teacher
development in the use of technology [21];[7]. The other
known challenges faced by teachers are inadequate
infrastructure, limited number of computers, and other
necessary resources [23]. In some instances, the teachers
lack ICT skills, while some lack a positive attitude towards
applying new forms of teaching in mathematics. These
factors pose challenges on how technology can be
successfully integrated into the education environment.

[67] contends that most schools in South Africa have
ICT resources; however, these resources are mostly either
underutilised or abandoned completely. [52] confirm that
the challenge in the integration of technology in teaching is
the lack of necessary skills in teaching in a manner that
enhances learner performance. [10] adds that a lack of
support from teachers’ managers, and a lack of teacher
confidence, have been some of the hindrances in the
integration of technology. The United Nations Educational,
Scientific and Cultural Organisation [66] advises that the
accomplishment of technology-enhanced learning lies in
the ability of the teacher to effectively integrate technology
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into classroom lessons. We, therefore, believe that teachers
are critical in making technology operational in their
classrooms in a manner that will benefit learners. Hence,
this article seeks to understand the teachers’ challenges in
the integration of GeoGebra in South African high school
mathematics teaching.

2. Literature Review

2.1. Integration of Technology

The general integration of ICT in learning has inspired
teachers to create learning materials that are innovative and
promote an active learning environment that is
learner-centred. This promotes learning that is relevant to
the development of learners with 21% century skills [55];
[63]. The learner-centred teaching environment is the
opposite of the traditional method (‘talk-and-chalk’)
learning environment where the teacher and the textbook
have been the central part of the learning process [16].

2.2. Integration of GeoGebra in Teaching and
Learning

GeoGebra was designed by Markus Hohenwarter as an
open - source dynamic mathematics software that
incorporates geometry, algebra and calculus into a single,
open - source, user - friendly package. GeoGebra was the
subject of the master’s thesis project of Markus
Hohenwarter at the University of Salzburg in 2002 [34];
[33]. This software combined features of previous software
programmes such as Maple, Derive, Cabri and Geometer’s
Sketchpad [56]. GeoGebra is a free and user - friendly
programme that connects geometry and algebra [71]. [43]
refers to GeoGebra as an interactive geometry, algebra,
statistics and calculus application intended for learning and
teaching mathematics from the primary level of education
to university level. GeoGebra allows for the creation of
interactive web pages that are used for the demonstration
and experimentation of various mathematics concepts [30].
It is available on multiple platforms, with desktop
applications for Windows, OS, Linux and Mac. It also has
tablet applications for Android, Apple and Windows [43].

In a study conducted by [16] on the integration of
GeoGebra software in teaching mathematics in high school,
it was found that “the integration of information
technology (IT), GeoGebra in particular, into teaching and
learning of secondary school mathematics can serve as a
scaffold on which changes and developments in curriculum
can be better managed”. However, it is also important to
note that the integration of any ICT tools does not occur in
a vacuum. Hence, [2] describes the commitment of the
administration to support the school management which in
turn should bolster up the teachers. The school
management should also be directly involved in ensuring
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that the resources are available and in good working order.

Various countries have endorsed the integration of
GeoGebra in the teaching of mathematics. In Slovakia, a
study presented several possibilities of how GeoGebra
might be integrated into education. GeoGebra is
recommended for solving geometry tasks in the new
Slovak curriculum for secondary schools [29].

In Malaysia, [53] studied the effects of using GeoGebra
to teach students fractions. The study revealed that the use
of GeoGebra to teach fractions is very effective. This was
evident through the improved scores of the students in the
experimental group. The findings highlighted that the
students in the experimental group performed better than
those in the control group who were taught using the
traditional learning method. The software also enhanced
visualisation and understanding of the concept of fractions
for both the teacher and the students. Hence, GeoGebra is
also endorsed in teaching geometry content in Malaysia
[9].

A study conducted in Singapore on the innovative
activities that could develop geometric reasoning skills
assisted by the open-source software GeoGebra, found that
students who were taught by using GeoGebra made good
progress towards mathematical explanations, which
provided a foundation for further deductive reasoning in
mathematics. The conclusion was that the dynamic nature
(drag feature) of the software influenced the form of
explanation, and that the students were able to generate the
solution and respond appropriately. Consequently, it was
found that GeoGebra made the learning of abstract
concepts far more meaningful as it helped to visualise
related concepts [69].

In Indonesia, GeoGebra is also a mathematics tool of
choice. [60] present an argument that GeoGebra is free
software that includes algebra, geometry and calculus into
one package, whereas other packages treat them separately.
For example, analytical geometry is viewed as difficult by
most students because it is abstract and needs to be solved
using algebraic principles.

A study was conducted in Nigeria to examine the effects
of GeoGebra software on the performance of high school
learners in mathematics. Using random sampling, two
classes were divided into two groups - an experimental
group and a control group. The experimental group was
taught using GeoGebra and the control group was taught
using the conventional method. The findings showed that
the learners who were taught via GeoGebra performed
better than the control group [3].

A study conducted in South Africa in the Limpopo
Province concerning the integration of GeoGebra in
teaching linear functions in Grade 9, found that the learners
who were taught with the use of GeoGebra outperformed
the learners who were taught without GeoGebra. It was,
therefore, recommended that teachers use GeoGebra as a
tool as it is user-friendly and effective for planning lessons.

Similar studies conducted in KwaZulu-Natal to establish
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the impact of the integration of GeoGebra in the teaching
of Euclidean geometry, established that learners who had
been taught through the integration of GeoGebra
performed better than those who had not been exposed to it
[11]; [47]. These results indicate that GeoGebra facilitates
the understanding of abstract concepts in geometry.

2.3. Integration of GeoGebra in the South African
Mathematics Curriculum

In this section we explore relevant literature that links
the effectiveness and relevance of GeoGebra in the South
African high school curriculum. This will provide
contextual evidence of the challenges faced by teachers in
the integration of GeoGebra in terms of GeoGebra’s value
when applied to high school mathematics classroom
settings.

2.3.1. Effectiveness of GeoGebra in Algebra

Functions refer to mathematics work that relates to the
relationship between variables in terms of numerical,
graphical, verbal and symbolic representations. Functions
may be represented in the form of tables, graphs, words and
formulas. The algebra section of the curriculum also
encapsulates the investigation of algebraic expressions and
the simplification of exponents. Learners have to
understand the mathematical rules and language that are
necessary for effective learning [22]. For example, when
dealing with algebraic concepts, one needs t% multipiy the
binomials (which has two terms e.g. 2x — 2). x =

[48] investigated the effect of integrating GeoGebra in
linear functions and found that learners who were taught
linear functions using GeoGebra performed better than
learners who were taught the same topic using ‘chalk and
talk’. [48] further attest that GeoGebra is effective in
teaching linear algebra where the gradient and y intercept
of a line may be investigated. Of great assistance, was [14]
who designed various GeoGebra applications where
teachers and learners can experiment and learn about
solving quadratic equations.

2.3.2. Effectiveness of GeoGebra in Euclidean Geometry
and Measurement

According to [22] the Euclidean geometry and
measurement section in the FET Phase of the South
African curriculum covers the investigation and forming of
conjectures about the properties of special triangles
(isosceles, equilateral and right-angled triangles e.g. a kite),
quadrilaterals and polygons. Additionally, [17] designed a
GeoGebra application that provides an illustration of
teaching geometry concepts such as various properties of
triangles using GeoGebra. GeoGebra assisted students
when drawing sides of triangles and measuring the angles.
For example, when dealing with a scalene triangle, it was
clear that all sides and the interior angles were not equal.

Various studies have been conducted on the
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effectiveness of GeoGebra in teaching geometry. [68]
found that learners taught via the use of the GeoGebra
software made better progress in understanding
mathematical explanations, which provides a foundation
for further deductive reasoning in mathematics. Other
researchers also illustrated the advantages of utilising
GeoGebra in the understanding of Euclidian geometry
specifically in lines, angles, triangles, and problem-solving
skills [36]; [37]. Further, [74]; [57) illustrated the positive
impact of understanding circles, and cylindrical and
spherical coordinates through the integration of GeoGebra.

2.3.3. Effectiveness of GeoGebra in teaching Trigonometry

Using GeoGebra software for the section on Functions
(high school trigonometry), a task is given as follows:
Evaluate trigonometric functions of an angle given on its
terminal ray [14].

According to [74] and [38] GeoGebra is effective in
teaching trigonometric concepts with a special focus on
periodicity of trigonometric functions.

It can be concluded that the integration of GeoGebra
helps in creating a learning environment in which learners
can discover, explore, conjecture, and visualise. It has the
advantage of fostering conceptual understanding of
abstract mathematics concepts included in the South
African high school curriculum.

2.3.4. Professional development (PD) in teaching and
learning mathematics using ICT software

Research highlights the teacher as being the most
important component in the integration of ICT and ICT
software in the teaching environment [71]. [69]
recommends that teachers can gain knowledge of the
integration of technology through ongoing professional
development (PD) sessions relating to technology
integration and classroom teaching-learning situations.
This section explores the role of PD and how teachers are
supported in the integration of ICT and ICT software in
various parts of the world. Teacher PD should address the
multiple forms of knowledge required for teaching, and
involve the development of effective processes of
knowledge management [69]. Other studies have
emphasised the potential of PD and advised that it should
be tailored to local conditions but included with global best
practices [6]. Teacher-training courses, both pre- and
in-service, can assist teachers who are apprehensive to
move faster and adopt technology, while stepping up levels
of ICT integration with more enthusiastic teachers [1].

2.4. Challenges in the Integration of GeoGebra

This section addresses the threats and challenges of
integrating ICT in teaching mathematics. The literature
relates to the challenges of integration and unpacks new
perspectives and role- modelling strategies on how
teachers can effectively integrate ICT tools in teaching
mathematics in high schools. This study is focused on the
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integration of ICT software, specifically GeoGebra in the
teaching of mathematics in high schools in SA. However,
GeoGebra is used in conjunction with other software
packages. Hence, it becomes relevant in this context to note
the challenges with respect to ICT in general while
specifically referring to GeoGebra software.

Challenges existing from the early period of the
introduction of ICT in teaching and learning having been
identified as far back as in 1999. The challenges were
classified into first (external) and second (internal) order
barriers [26]; [27]. First-order barriers are challenges
associated with access to and support in using technology.
Second-order barriers relate to teachers’ beliefs on how
ICT should be used in teaching and learning; and these
include the pedagogical beliefs and classroom technology
practices.

Three reports from countries that have a good record of
mathematics performance according to TIMMS explore
the first-order barriers for technology integration. In a case
study from Indonesia, [41] refer to the lack of funding and
inadequate support to staff. In China, a case study by [72]
highlighted the acquisition of cutting- edge technologies in
teacher education. In Combodia, [24] laments the lack of
digital resources and infrastructure as first-order barriers in
the integration of ICT. [64] identified an additional level of
challenge (the third order) in the integration of ICT in
teaching and learning that emerged from the work of [26] -
this refers to the teachers’ pedagogical strategies and how
they improve their teaching practice through technology.

In South Africa, a study by [46] on improving teachers’
technological pedagogical content knowledge for teaching
Euclidean geometry using mathematics software, observed
challenges faced by teachers in the integration of ICT
software which were: teachers’ negative attitude towards
lesson preparation, teachers’ burdensome workloads, and
access to ICT versus quality of ICT. [8] attest that teachers’
challenges in the integration of ICT software, specifically
in the teaching of science and mathematics, are linked to
teachers’ lack of training and skills to use these software
tools. Further, unsuitable school environments, lack of
resources, and teachers’ reluctance, were the main barriers
preventing the implementation of technology in education
[42]; [62]. However, it was specifically highlighted that
teachers' lack of confidence, set beliefs and attitudes
towards the role of technology, and their ability of
successfully implementing ICT modernity within schools,
were more profound as barriers (1bid).

[42] confirms that the introduction of ICTs in schools
poses a major challenge in that ICT-based methods of
teaching are resisted by teachers due to fear of change and
lack of skills in incorporating the new ICT tools. Thus,
when teachers lack the skills or feel intimidated by ICT
tools, they tend to abandon the mathematics software and
miss the opportunity to create interesting and innovative
learning activities.
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3. Methodology

This article is part of a larger study that qualitatively
explored the practices of four teachers in integrating
GeoGebra in the teaching of mathematics in South African
high schools. This study used all the participants from the
bigger study to draw on their experiences in the integration
of GeoGebra in the teaching of mathematics. According to
[19], qualitative research empowers individuals to share
their lived experiences. This study is aligned to the
interpretivist methodological paradigm which is based on
the principle that the researcher understands the meanings
and interpretations of participants’ own perspectives [28].
According to [50] the data collected under the qualitative
research paradigm can be supportive in understanding the
individual’s views and opinions. We further employed a
case study as the research design. According to [18], a case
study is a “design of inquiry ... in which the researcher
develops an in-depth analysis of a case, often a program,
event, activity, process, or one or more individuals”. We
considered in detail the cases of four teachers, each as a
separate case, and then performed an intra-case analysis. In
order to collect the necessary data, four purposively
selected teachers from the North West Province in South
Africa were interviewed using recorded semi-structured
interviews. The collected data was analysed using content
analysis which is described by [25] a reflective process in
qualitative research.  The recorded interviews were
therefore transcribed, coded and categorised into
meaningful themes, mainly focusing on teachers who were
using GeoGebra and received training to implement it in
their mathematics teaching. All the participants were
provided with informed consent forms which were signed
as part of their pledge to participate voluntarily in the
research.

4. Findings and Discussions

In this section, we present the findings of the study that
emerged from the data. These findings will be presented
through the following themes, school security to retain ICT
tools; school environment; professional development and
support in the integration of GeoGebra. The
bibliographical data of the teachers who participated in the
study is also presented in this section. Such data provides a
brief background of each participant namely, Mr Magwe,
Mr Sebaya, Mr Golenyane and Mr Maziya (all
pseudonyms for confidentiality purposes). Lastly, the
direct quotations from the participants are also included in
this section to support the findings of the study.
® Magwe is a high school teacher with six years’

experience in teaching mathematics, physical science
and technology from Grades 8 to 12. He holds a BSc
in Computer Science and Electronics, a Postgraduate
Diploma in Education, and Postgraduate Certificate in
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Education (PGCE). He has been using other ICT tools
and GeoGebra for 18 months

® Scbaya is a teacher with six years’ experience in
teaching mathematics, natural science and technology
from Grades 8 to 13 in most provinces in South Africa.
He holds a BEd Honours degree, a PGCE in Natural
Science and Mathematics, and B. Comm Statistics
degree. He has been using other ICT tools and
GeoGebra for over a year.

®  Golenyane is a teacher with nine years’ experience in
teaching mathematics, natural science and computer
science. He holds a BSc Computer Science degree
and a PGCE qualification. He has been using
GeoGebra and other ICT software tools for six years.

® Maziya is a teacher with five years’ experience in
teaching mathematics and physical science in Grades
8, 10 and 12. He holds a BEd degree in Science and
Mathematics, a BEd Honours degree in Physical
Science, and is currently working on his MEd. He has
been using other ICT tools and GeoGebra for over a
year.

The themes that emerged from the study:

4.1. School Security to Retain ICT Tools

Literature has shown that, although South African
schools received computers, tablets and e-Whiteboards
from private donors and NGOs, these tools gathered dust as
they remained unused by the schools [67]; [8]. The teachers
who were interviewed expressed concern over security at
their schools in terms of use and storage of ICT equipment.
The data from this study further reveals that the ICT tools
were either stolen or vandalised while on the school
premises; this is in contrast to the predominant belief that
ICT tools were there, but just not used. According to the
participates, once stolen, these ICT tools were never
replaced, thus the integration of ICT tools into
teaching-learning is compromised. Additionally, [58]
reports that some schools lock computers away in the
storerooms where teachers and learners cannot use them
because of fear of them being stolen instead of engaging
better and fool-proof security strategies — this act stifles
ICT integration. The integration of GeoGebra is further
compromised because learners are deprived of the
opportunity to explore GeoGebra independently.
Participants unanimously related to learners’ lack of ICT
tools due to security issues. Magwe stated:

The computers were stolen from the lab. The
interactive board was taken from the wall. It was
bad... I think it’s people who knew where we keep
our technology. After that, learners did not have any
computers. GeoGebra is wonderful but yooh! It’s
sometimes challenging to use it because sometimes
you want learners to practise using GeoGebra but
they can’t.
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Maziya reiterated that his school lacked resources
because of the theft of ICT tools such as computers. He
added that it was frustrating because no one was ever held
accountable for such an act, even after reporting it to the
authorities.

Maziya indicated:

You know Mame... all computers were stolen from
this school. But no one was arrested. This school is
so close to the community. You want to tell me that
no one saw anything?

Golenyane also expressed concern that ICT tools such as
interactive whiteboards were vandalised.
It’s a shame. Last Friday.... They had cut the power
supply to the smartboard. But, I can’t connect
because 1 don’t have a power supply to the
smartboard. They have cut the cables and the power

supply.

As indicated by (44) The interactive whiteboard is one
of the valuable ICT tools because it is versatile in its use.
With the interactive whiteboard, learners are able to
actively engage with the content, receive instant feedback
on what they are working on, and manipulate the learning
objects. The interactive whiteboard would also blend well
with GeoGebra. For example, many chances to interact
with the whiteboard were missed even just to observe and
experiment with the features in GeoGebra.

Sebaya shared similar sentiments expressing the view
that the absence of computers was affecting his attitude
towards using GeoGebra for teaching. He indicated that he
was reluctant to use GeoGebra in his mathematics lessons
because learners lacked access to computers. Sebaya
shared that:

... [1]t would be nice if learners can have computers.
Maybe if we had a computer lab because we could
have a lesson and learners can do some work on
GeoGebra. They could do a classwork task. | think
that it would be interesting.

From the above quotations, it is clear that the loss of ICT
tools through theft and vandalism is a challenge to the
integration of ICT, especially to GeoGebra. GeoGebra
would be more beneficial if learners have an opportunity to
experiment with the mathematics concepts themselves. [4]
concur that the learning environment and lack of ICT
resources directly impact on the integration of ICT in the
teaching and learning of mathematics. [20] further confirm
that the absence of technology from schools compromises
the learners’ degree of success in the 21* century.
Participants reflected on the theft of computers as the main
compromising factor in the integration of any form of
technology in the teaching and learning of mathematics.
This reflected on the weakness of the security systems,
which was exacerbated by the lack of insurance for ICT
equipment. Hence, when these valuable items were stolen
or vandalised, there was no replacement. Teachers and
learners had to return to traditional teaching methods
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seeing that ICT tools were lacking; and this situation
demoralised teachers and learners and affected their
attitude towards ICT integration into mathematics lessons.

4.2. School Environment: Management Support

The commitment of the school administration members
is an important factor in the facilitation of ICT integration.
[5] describes this commitment as the support that school
management needs to give to teachers. (5) further adds that
school management must procure and ensure that the
resources are in good working order and that teachers have
the skills to use them, in addition to making tight security
arrangements for the safe storage of equipment.

In this study, we found that in all participants’ schools,
teachers had only one projector to use for the entire school.
All teachers who participated in this study had access to a
projector and laptop with some indicating to owning either
a tablet or smart cell phone that they also used as part of
their teaching and learning programmes. The teachers who
we interviewed indicated that they preferred using the
projectors when integrating GeoGebra into their
mathematics lessons. However, the schools had only one
projector each and that meant that at times it would not be
available when required. Magwe highlighted that:

We have one projector that we share with other
teachers. It is a projector for the whole school. If
the Economics teacher needs it .... he uses it. Physics
teacher needs it.... he uses it. We used to have the
interactive whiteboard that was in the lab. Yooo...
learners enjoyed working on it.

The excerpt above indicates the limitations of having
one projector equipment per school. This indicates that
even if the teacher plans a lesson that incorporates
GeoGebra through using the projector, there would be no
guarantee that the same lesson will take place as planned.
This kind of uncertainty would be demotivating to teachers
who are keen on introducing the integration of GeoGebra
as well as other ICT tools in their teaching of mathematics.
Magwe mentioned that he found value in using of the
projector but the challenge as mentioned earlier, was that
there was only one projector. He lamented:

You know, Mam, the projector has changed learning
in class. At least now, | can download videos or use
videos that were donated to the schools and learners
can watch these videos. We have one projector that
we share with other teachers. It is a projector for
the whole school. If the Economics teacher needs
it .... he uses it. Physics teacher needs it.... he uses it.
We used to have interactive white board that was in
the lab. Yooo... learners enjoyed working on it.

Magwe, as indicated in the above extract, expressed his
willingness to integrate ICT tools into his lessons.
However, with limited resources, such as one projector for
the entire high school, the demoralising element comes into
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play; and this thwarts the efforts and enthusiasm of
teachers who are willing to integrate GeoGebra into their
teaching-learning classroom situations. This situation
would therefore require the support from the school
management. As indicated by [2] the school management
needs to procure and ensure that the resources are in good
working order and that teachers have adequate skills to use
them.

4.3. Lack of Professional Development (PD) and
Support in the Integration of GeoGebra

The professional development (PD) of teachers is a
crucial process for the successful integration of ICT in
teaching and learning. [30] postulates that teacher
development, which is focused on the training of teachers,
specifically on how teachers can integrate ICT in the
mathematics, is a necessity. This study established that
teachers were given GeoGebra software with minimal
support and there was no relevant person to contact
whenever they experienced challenges. This is in
agreement with [35] who emphasises that there is a need to
upgrade teacher-training policies and programmes in
developing countries. It is however appalling how all the
four teachers who were interviewed for the purpose of this
study could not remember the officer from the Department
of Education who offered them training for GeoGebra. All
these teachers referred to him as the ‘guy’ who offered
GeoGebra training. This was a strong indication of the lack
of a relationship and communication between the teachers
and the officials who are responsible for the training of
teachers in the integration of GeoGebra. Magwe
confirmed:

The challenges that | have, honestly, | wish that the
guy could come back again. Yes, because though we
did try to introduce some concepts of skills or
whatever, | feel it was not enough. We were
looking at the laptop, all of us so I wish he would
come back for us to learn more things.

Golenyane also experienced similar frustrations as
Magwe concerning training opportunities relating to
GeoGebra:

I can say, | never received any training in GeoGebra.
The guy from the Department of Education came. He
showed us briefly, how we can integrate GeoGebra. |
can’t call that training. It was too quick. But | could
follow because | knew GeoGebra.

Magwe reiterated that the last time (and first) they saw
the Department of Education official was when he came to
introduce GeoGebra to them.

The last time we saw the guy from the Department
was when he came to show us the software. No one
has said anything since then.

Maziya was also of the view that the GeoGebra training
was not adequate enough to prepare them to integrate
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GeoGebra in the teaching of mathematics with confidence.
Maziya added:
You know... it will be nice if that guy who gave us
GeoGebra can come again. Just show us what this
can do....I don’t like using it (GeoGebra) sometimes
because | am not sure of what | want to do.

From the above quotation it became evident that due to
the minimal training on the integration of GeoGebra,
Maziya was not confident in integrating it in the teaching
mathematics.

Magwe also shared the same thoughts that even though
he believed GeoGebra was a good mathematics teaching
tool, he was sometimes reluctant to use it because he
believed he needed more training to be able to use
GeoGebra with confidence. He responded:

| can say GeoGebra is good and is free but it is
difficult because no one showed us properly how to
use if for this and for that. There are somethings that
I want to do using GeoGebra but yoo ... I struggle
and then | just leave it.

Sebaya also had a similar experience. He believed that
he only knew less than half of what he believed he needed
to know about GeoGebra:

But, | know less than 50% of what | can do with
GeoGebra. If | can see myself being able to draw my
own diagrams, any diagram, then | would say that |
am satisfied.

Sebaya complained that the GeoGebra training which
was done in the principal’s office was haphazard and lasted
a couple of minutes. He added:

Hey we were busy that day, we were busy and I don’t
remember whether it was a meeting or what but it
was very busy and the principal was like just go to
him for a few minutes and then he just gave us
pointers there and there. So, it wasn’t really a
training session and we didn’t do much. We just
crowded around the laptop and the gentleman just
went through the whole thing quickly.

Golenyane also had minimal training that was conducted
in the principal’s office, and he said:
We received very little training in using GeoGebra. If
we can have more training .... The training happened
in the principal’s office.

Maziya shared the same sentiments:
The Department sent someone to train us for
GeoGebra. It was one hour training in the
principal’s office. The trainer came and we were
called to the principal’s office. We were told he has
come to show us the software that will help in
teaching mathematics. It was a quick thing. He
showed us to click on a few pages. Input some
equations. I'm not sure if I could call that training.
Then left the information package that was
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downloaded on our laptops.

From the above extracts, we note a brief and weak
execution of training sessions concerning the integration of
GeoGebra which had no follow-up. However, the lack of
management support was evident as the only training
received was held in the principal’s office. There was no
intervention from the management for comprehensive
training to take place. As such, there is a need for further
research to establish the involvement of management in the
integration of GeoGebra. ICT as a tool alone does not
translate to success in academic subjects. Teacher
development which is focused on the training of teachers,
specifically on how teachers can integrate ICT in the
teaching of mathematics is fundamental [31]. In fact [61]
concurs that commitment and school culture are some of
the important elements in facilitating the integration of ICT
in the teaching and learning environment. The lack of
professional development and support poses a serious
hindrance in developing teachers’ skills, and creating a
positive attitude towards the integration of GeoGebra into
mathematics lessons.

5. Conclusion

With the high failure rate in high school mathematics,
the integration of ICT tools and mathematics software is
becoming increasingly valued as an intervention tool in
upgrading performances in mathematics. Mathematics is
misconstrued as being as abstract, and boring to most
learners. With the advent of GeoGebra, a solution to the
problem has been found; but it must be remembered that
teachers are central to the success or the failure of the
integration of ICT tools including GeoGebra. The evidence
from the biographical information of the selected teachers
in this study shows that they are qualified and experienced
in teaching high school mathematics as they all hold
appropriate  degree  qualifications  together  with
postgraduate qualifications. However, there are challenges
in the integration of GeoGebra, which are all valid.
GeoGebra is a kind of mathematics software that requires
some level of mathematics knowledge as well as the
experience and skill in using other related ICT tools and
software.

Furthermore, data from this study shows that the aspect
of school security posed a challenge in the integration of
GeoGebra because this resulted in the shortages of ICT
resources. The integration of GeoGebra in a classroom
requires at least the computer, projector and ideally the
e-whiteboard. Moreover, most of these schools have
limited resources which leave learners with limited access
to computers to practice and enhance their independent
learning. Teachers’ attitude and the lack of resource
availability negatively affected the delivery of GeoGebra
integration. The teachers in this study indicated that they
preferred using the projector when integrating GeoGebra
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into their mathematics lessons. However, the schools had
only one projector each, and it meant that at times the
projector would not be available when required.

To add to the woes of integration, teachers received
‘training’ that only lasted about an hour. The department of
education sent someone from the District, and the official
downloaded the software and briefly showed how the
software works. However, they saw the value of GeoGebra
and independently learnt how to use it in their mathematics
lessons.

There was also evidence to confirm that the lack of
professional development and support was compromising
the integration of GeoGebra. There is an urgent need to
strengthen teachers’ development and support mechanisms
for the effective integration of GeoGebra. [13] recommend
the provision of “cognitive support for teachers who may
have, self-perceived, negative reaction to GeoGebra” as a
necessary step towards the informed and viable use of
GeoGebra to improve teaching and learning in
mathematics. All these challenges are not insurmountable
as a concerted effort and will to succeed are the ingredients
to make GeoGebra integrate cohesively with mathematics
teaching and learning.

Other countries call for the integration of GeoGebra into
their curriculum. Such countries recommend a good
understanding of GeoGebra, how to teach it and support
offered to teachers so that they are better equipped to use
GeoGebra in teaching and learning [53];[50]. There is
therefore a need to have professional training which is
focused on the integration of GeoGebra for South African
high school. [65] strongly recommends better professional
development of teachers to boost their readiness to
integrate technology and to increase their willingness to
design mathematics activities and learning strategies with
technology.

The shortage of resources due to security, school
management inadequacy and insufficient professional
development are being cited as the major challenges in the
integration of GeoGebra. There is a need for a reformed
policy that tackles the security issues to deal decisively
with theft and vandalism. There is a further need for policy
reform on the actual curriculum, namely that it should
include the integration of GeoGebra. In addition, the policy
should strengthen the professional development of teachers
to be able to integrate ICT software better in their teaching.
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