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GeoGebra is a type of Dynamic Geometric Software (DGS) that has been widely used to teach
Mathematics. A substantial research study was done to investigate the effectiveness of GeoGebra to
enhance students’ learning in mathematics from varied dimensions. In this research, a systematic
review of the effectiveness of GeoGebra to enhance students’ learning in mathematics from varied
dimensions was conducted using PRISMA’s procedure. The use of GeoGebra as one of STEM
education instrument has yet to be discovered. Thus, the further study of its effectiveness is
needed. 11 articles between 2011-2020 have been analysed. The distribution of the accessed articles
over the years were up and down by heading to its declining trend from 2011 to 2020. The
distribution of origin in the accessed articles by country of origin shows that Asia dominated this
study with six articles (55%), while Africa with three articles (27%) and North America and Europe,
respectively produced one paper (9%). All accessed articles conclusively stated that GeoGebra can
improve students and pupils cognitive and affective dimensions. In terms of gender difference, the

conclusive findings show no gender difference on the effectiveness of GeoGebra in the teaching and

learning of mathematics.
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I. INTRODUCTION

Many previous studies revealed that the use of technology is
effective to enhance students’ learning in mathematics from
varied dimensions (Meng & Sam, 2013; Mazlan, 2020).
Thus, this increasing consensus among mathematics
educators and mathematicians that technology is becoming
an integral part of mathematics teaching and learning
(Lavicza et al., 2020), promoting the use of technology in
the classroom does give positive impact in constructing
students’ knowledge and understanding (Thambi & Eu,
2013). However, Daphne Bovelier, a Neuroscientist from
University of Geneva, raised her concern about this trend. In
an interview with DW Documentary for a documentary
entitled Smartphones, computers, and consoles — children

and digital media, she stated that “...this is a very young

literature”, referring to the effect of technology on children.

*Corresponding authot’s e-mail: hutkemti@um.edu.my

She added, “..let me give you little perspective, it takes
about twenty years to establish an effect in science. Tablets
and the facts that has being used by very young children is at
most seven years old. We are doing it commercially before
we have actually done the science. I would much rather we
do the science first and then we say whether it is safe or not”.
Since GeoGebra was first being commercialised in 2002 by
Markus Hohenwater at the University of Salzburg, 2022
marked the 20 years of this Dynamic Geometry Software
(DGS) has gone through some sort of period. Thus, this
paper intended to review and to understand the science of
this technology whether it is suitable to be used among

children and beyond.
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A. The Rise of GeoGebra

As for technology is Mathematics education, GeoGebra was
always dominant as this DGS can be used in the classroom
to assist learners and teachers in learning and teaching for
the topic of geometry, algebra, and many other topics
(Mazlan, 2019).

GeoGebra has first take off commercially and being used in
education field since 2002. This, according to Bovelier (DW
Documentary, 2021) has shown that GeoGebra has reached
its mature period as many studies has been conducted to
study its effect on the learners. However, the nature of
gender difference has yet to come to conclusion. Up until
now, this DGS has 100 million+ users, 153 GeoGebra
Institutes and 1 million+ shared examples (Lavicza et al.,
2020). As GeoGebra is gaining popularity worldwide, a
study to discern its nature of gender difference
systematically is needed. This will provide a deeper and
comprehensive data to the stakeholders worldwide,
including Malaysia. Stakeholders can use these findings and
make adjustment on their curriculum based on the nature of
gender difference in applying GeoGebra within the

classroom.

B. Gender Difference

Gender and sex are two connotations that are likely to
intertwined and misunderstood by many. Sex refers to
biological difference between females and males while
gender refers to the cultural differences expected by society
or culture of men and women according to their sex
(McLeod, 2014). According to Pam (2013), someone’s sex
does not change from birth, but their gender can change.
Thus, gender difference is typically the difference between
men and women (Pam, 2013).

The gender leader in geometry is always changing
throughout the years and throughout pupils’ development
age. Literature gathered shows that there is convincing
evidence of no significant relationship between gender and
achievement in number and numeration (Hutchison et al.,
2018), and algebraic processes and statistics (Odok, 2006).
While some other researchers found the existence of
tenuous relationship in geometry, favouring on male pupils

(Ma, 1995; Neuschmidt et al., 2008). TIMSS 2015 shows

that female outperformed male in geometry with slight
difference among Malaysian 8 graders (Mullis et al., 2015)
while in the latest cycle of TIMSS 2019, male outperformed
female with enormous difference (Mullis et al., 2020). The
changing shift of the gender-lead in geometry based on the
TIMSS reports should be taken into consideration and
further study is needed to be conducted. This paper is trying
to comprehend the nature of gender difference in the
effectiveness of GeoGebra to enhance students’ learning in

mathematics from varied dimensions.

C. Objectives of The Review

The main purpose of this study is to discern the nature of
gender difference in the effectiveness of GeoGebra to
enhance students’ learning in mathematics from varied
dimensions. Under this general aim, the answers are
searched for the following research question (RQ):

RQ1: How are the articles distributed over the years?

RQ2: What is the distribution of origin in the articles by
country (and territory) of origin the study being
conducted?

RQ3: What are the types of samples participated on the
studies examined?

RQ4: What is the effectiveness of GeoGebra and the nature

of gender difference?

II. METHOD — THE PRISMA PROCEDURE

The paper has used Preferred Reporting Items of Systematic
Reviews and Meta-Analysis or PRISMA procedure adapted
from Moher et al. (2009). Preferred Reporting Items of
Systematic reviews and Meta-Analysis (PRISMA) statement
was developed in 2005 which consist of four steps, namely,
identification, screening, eligibility, and inclusion criteria.
PRISMA can also be used as the foundation for reporting
systematic review and benefits various fields (Moher et al.,
2009). This procedure consists of four stages which involved
identification, screening, eligibility, and inclusion. This
systematic review attempts to collate all empirical evidence
that fits pre-specific eligibility criteria to answer a specific
research question. PRISMA wuses explicit, systematic

methods that are selected with a view to minimise bias, thus

provide reliable findings from conclusion can be drawn and
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decisions made (Antman et al, 1992; Oxman & Guyatt,

1993).
A. Limitations of Study

This research is limited to the selected articles in Google
Scholar, Scopus, Web of Science (WoS), and ResearchGate.
For the Scopus and WoS databases, access was used via
Universiti Malaya database. Thus, this study only utilised
these databases to provide a complete and systematic article
searching procedure and analysis. Only accessed journals

using English, Malay, and Indonesian languages being used.
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Figure 1. PRISMA’s flow map.
Source: Adapted from Moher et al. (2009)

Inclusion

1. Identification

Titles and abstracts of 234 articles were filtered by the
authors after the inclusion and exclusion process which was
automatically completed using a database system (Table 1).
The last search was run on 25 April 2021. Thus, 198 articles
were selected to be read in full text. The authors read the full

text of all articles.

Table 1. The search strings.

Database Search String
Google all AND geogebra AND effect OR
Scholar/ enhancing AND learner OR students OR
Scopus/ pupils OR children AND achievement
Webof  OR understanding OR skill OR
Science/ misconception OR ability OR knowledge
Mendeley AND gender AND comparison OR gender
AND difference OR male OR female OR
boy OR girl
U, Scopus Search  Sources Lists  SciVal @ 4 E @
94 document results
e il Analyze search results Showall abstracts  Sorton: Date

Refine results

Open Access ~

[l Open Access >
ol >
[ Hybrid Gold >

>

t Publisher ~Related documents

View abstract v+ ELocate full-text{opens in a new window) View

Figure 2. Advanced menu to enter search string on Scopus
Note. The clipping was taken from a website for Scopus

(https://www.scopus.com/home.uri).

2. Screening

The following search terms to search all studies in the

related topic: GeoGebra; effect; enhancing; learner;

students; pupils; children; achievement; motivation;
attitude; belief; understanding; skill; ability; knowledge;
misconception; gender difference; gender comparison;
male; female; boy; girl. From 234 articles, only 198 articles
were selected after the screening process. 36 records being
excluded due to systematic review articles, book series,

chapter in book and book.

3. Eligibility

Eligibility assessment was performed independently in an
unblinded standardised manner by two reviewers. From 198
articles, only 11 articles were included in the third step. 187
articles being excluded with reasons as such do not comply
with the objective of the review. Any articles that do not
involved the effect of GeoGebra on teaching and learning

will be excluded.
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4. Inclusion Dogan & Icel The role of dynamic geometry
2011 software in the process of
11 articles have been chosen after eligibility assessment and ( ) P
learning: GeoGebra example
authors examine the articles and found out the following & P
. about triangles

results. The 11 articles are as follow;

Lee (2011) Using GeoGebra to enhance

Table 2. List of the accessed studies.

Author(s) Title
Klemer & Origami and GeoGebra Activities
Rapoport (2020)  Contribute to Geometric

Thinking in Second Graders

Lestari et al.

The Effect of Reciprocal Peer

(2019) Tutoring Strategy Assisted by
GeoGebra on Students'
Mathematical Communication
Ability Reviewed from Gender

Seloraji & Eu Students' Performance in

(2017) Geometrical Reflection Using
GeoGebra

Onaifoh & Innovative Strategies on Teaching

Ekwueme (2017)

Plane Geometry using GeoGebra
Software in Secondary Schools in

Delta State

Emaikwu et al.
(2015)

Effect of GeoGebra on Senior
Secondary School Students'
Interest and Achievement in
Statistics in Makurdi Local
Government Area of Benue State,

Nigeria

Vasquez (2015)

Enhancing Student Achievement
using GeoGebra in a technology

Rich Environment

Shahmohammadi

& Kamalludeen

(2014)

Teachers' Intention to Use
GeoGebra in Teaching

Mathematics in Malaysia

Hutkemri &

Zakaria (2012)

The Effect of GeoGebra on
Students' Conceptual and
Procedural Knowledge of

Function

Mukiri
(2012)

Feasibility of using GeoGebra in
the teaching and learning of
geometry concepts in secondary

schools in Kajiado County, Kenya

learning and teaching of basic
properties of circles for a

secondary 5 class

II1. RESULT AND DISCUSSION

In this study, PRISMA has be utilised to discern the nature
of gender difference on the effectiveness of GeoGebra to
enhance learners’ learning in mathematics from varied
dimensions. A total of 11 scientific research papers being
discussed and categorised into cognitive and affective
dimensions which are cognitive dimension (Dogan & Igel,
2011; Hutkemri & Zakaria, 2012; Klemer & Rapoport, 2020;
Lestari et al,, 2019; Mukiri, 2012; Onaifoh & Ekwueme,
2017; Seloraji & Eu, 2017) and affective dimension
(Emaikwu et al.,, 2015; Lee, 2011; Shahmohammadi &

Kamalludeen, 2014; Vasquez, 2015).

A. RQ1: How are the articles distributed over the
years?

Even though GeoGebra has been commercialised since 2002
(Lavicza et al., 2020), the studies of gender difference on the
effectiveness of GeoGebra to enhance learners’ learning in
mathematics from varied dimensions only set its first foot in
2011, ten years after it commercialised. The studies in
regards of GeoGebra has already employed since its first
started off, Mazlan (2019) stated that the studies of
GeoGebra can be categorised into four themes which include:
(a) The effect of using GeoGebra, (b) Intention to use
GeoGebra, (c) Example of integrating GeoGebra in teaching
and learning, and (d) Development of module based

GeoGebra.
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Figure 3. Distribution of the accessed studies in terms of

year of publication.

The studies on the effectiveness of GeoGebra in the
teaching and learning of mathematics has started since it
was first commercialised, yet the studies on gender
difference on this effectiveness has yet to be discerned. This
study utilised collated studies to comprehend the conclusive
trend of gender difference of the effectiveness of GeoGebra
in the teaching and learning of mathematics. Based on
Figure 4, from 2011 to 2020, the number of articles
published in regards of the related topic keep decreasing.
Two articles published respectively in 2011, 2012, 2015, and
2017 (Dogan & Igel, 2011; Hutkemri & Zakaria, 2012; Lee,
2011; Mukiri, 2012; Onaifoh & Ekwueme, 2017; Seloraji &
Eu, 2017), one article published respectively in 2019 and
2020 (Klemer & Rapoport, 2020; Lestari et al., 2019), while
no article being published in 2013, 2016 and 2018. This is
contradict with the review from Mazlan (2019) stating that
the period of 2012 to 2014 and 2016 to 2018 show the
highest peak of publication in regards of the study of
GeoGebra in Malaysia. Mazlan and Abd Hamid (2020) on
the other hand, in their review found that 2013 to 2017
shows the researchers are getting interested to study the
effect of integrating GeoGebra on students’ images of
mathematics. These two reviews are showing different and
quite contradict finding but bare in mind that the focus of
each review are different. Thus, the ‘no article’ published
related to the gender difference on the effectiveness of
GeoGebra in learning mathematics shows that researchers
are not interested to study the effectiveness of GeoGebra in

learning mathematics from gender difference perspective

noting that this is a research topic that could be pick up by

future researchers.

B. RQ2: What is the distribution of origin in the
articles by country (and territory) of which the
study being conducted?

By examine the distribution of the location where the studies
being conducted, it enables us to understand the popularity
of gender difference in GeoGebra studies among diverse
countries. As demonstrated in Figure 2, Indonesia, Malaysia,
and Nigeria, respectively have two studies (n = 6; 54.5%)
(Emaikwu et al.,2015; Hutkemri & Zakaria, 2012; Lestari et
al., 2019; Onaifoh & Ekwueme, 2017; Seloraji & Eu, 2017;
Shahmohammadi & Kamalludeen, 2014). Other studies were
conducted in Hong Kong, Israel, Kenya, Turkey, and United
States of America (n = 5; 45.5%) (Dogan & Icel, 2011;
Klemer & Rapoport, 2020; Lee, 2011; Mukiri, 2012;

Vasquez, 2015).

Research related to the gender
difference on the effectiveness of
GeoGebra in learning mathematics
with regard to the countries
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Figure 4. Distribution of country in the articles by country

(and territory) of which the study being conducted.

Since all selected articles are written either in English,
Malay or Indonesian languages, some other relevant papers
are undiscoverable because of language barrier. There might
be some other articles that discussed the topic of gender
difference on the effectiveness of GeoGebra in the teaching

and learning of mathematics. From Figure 2, Asia
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dominated this study with six articles (55%), while Africa
with three articles (27%) and North America and Europe,
respectively produced one paper (9%). The finding shows
that GeoGebra is quite popular to be used in education

system in Asia compared to other regions.

C. RQ3: What are the types of samples participated
on the studies examined?

When empirical studies were considered in terms of their
samples, it was revealed that a large body of them (64%)
were conducted on secondary school students (Emaikwu et
al., 2015; Hutkemri & Zakaria, 2012; Lee, 2011; Lestari et al.,
2019; Mukiri, 2012; Onaifoh & Ekwueme, 2017;
Shahmohammadi & Kamalludeen, 2014; Vasquez, 2015). On
the flip side, (27%) of the studies were conducted on primary
school pupils (Dogan & Igel, 2011; Klemer & Rapoport,
2020; Seloraji & Eu, 2017). While only one study being
carried out among teacher, namely secondary school
teachers (9%) in which they were taught to used GeoGebra

in teaching mathematics.

Primary school
27% pupils

Secondary school
students

= Secondary school
teacher

64%

Figure 5. Distribution of accessed articles in terms of

samples.

The collated finding is coherent with Lavicza et al. (2020),
GeoGebra was mainly being introduced to be used for
secondary students. As the Mathematics curriculum all
around the world are revamping their curriculum, new
topics being introduced at lower level of education (Mazlan,
2020; Mazlan et al., 2019). Thus, the use of GeoGebra is
gaining popularity and significant at primary level of
education. GeoGebra is dynamic and keep updating its
features and feasibility to accommodate the current trend
such as commands starting from the slope of a straight line
and integration of function

up to differentiation

(Hohenwater & Fuchs, 2004). It has gone mobile (Ancsin et

al., 2011) and gone web (Ancsin, 2013). With 100 million+
users, 153 GeoGebra Institutes and 1 million+ shared
examples (Lavicza et al., 2020), no wonder this DGS is
gaining popularity as it can suite and accommodate with the
revamping of curriculum that is happening all over the

world especially at lower level of education.

D. RQ4: What is the effectiveness of GeoGebra and
the nature of gender difference?

Table 3. Distribution of the effectiveness of GeoGebra and

the nature of gender difference.

Author(s)

The
nature of
gender
difference.
No gender
difference.

The effectiveness
of GeoGebra

Klemer &
Rapoport (2020)

Pupils’ geometric
knowledge gap
between low and high
achieving pupils was
eliminated.

GeoGebra affects
students’ mathematical
communication ability
significantly.

Lestari et al.
(2019)

No gender
difference.

Girls
better
boys.

did
than

Seloraji & Eu
(2017)

Positive  effect by
teaching reflection
topic using GeoGebra
Software on students’
performance in
mathematics lessons.
GeoGebra method of
teaching plane
geometry enhances
students’ performance
in plane geometry and
motivates their interest
in learning of plane
geometry.

Students taught
statistics using the
GeoGebra teaching
method achieved
higher and showed
greater interest in
learning statistics than
those  taught with
conventional teaching
approach.

GeoGebra  increased
students’ motivation
and engagement in
learning geometric
transformations.

Students in the
treatment group were
actively involved in
their discovery learning
moving sliders,

Onaifoh &
Ekwueme (2017)

No gender
difference.

No gender
difference.

Emaikwu et al.
(2015)

Vasquez (2015) Favouring

boys.
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translating, rotating,
and reflecting figures
on GeoGebra.

Shahmohammadi
& Kamalludeen

(2014)

No gender
difference.

Positive  relationship
between intention to
use with perceived
usefulness, perceived
ease of ease, and
perceived current
competencies.

The use of GeoGebra in
the  teaching and
learning process
contributes to the
enhancement of
students’  conceptual
and procedural
knowledge on the topic
of function.

GeoGebra would help
improve the students’
understanding of
concepts in
mathematics and
hence improve
performance.

Hutkemri &
Zakaria (2012)

No gender
difference.

Mukiri
(2012)

No gender
difference.

Dogan & Icel
(2011)

Computer-based
classroom activities by
using GeoGebra can
achieve high-level of
thinking that leads to
geometric construction
skill.

Boys have positive
perception towards the
use of computer by
using GeoGebra in
learning basic
properties of circles.

No gender
difference.

Lee (2011) Favoring

boys.

Table 2 shows conclusive findings, out of 11 articles, eight
articles show no gender difference on the effectiveness of
GeoGebra in the teaching and learning of mathematics
(Dogan & Igel, 2011; Emaikwu et al., 2015; Hutkemri &
Zakaria, 2021; Klemer & Rapoport, 2020; Lestari et al., 2019;
Mukiri, 2012; Onaifoh & Ekwueme, 2017; Shahmohammadi
& Kamalludeen, 2014), two articles show that male learners
did better than female in learning mathematics by using
GeoGebra (Lee, 2011; Vasquez, 2015) while only one shows
the other side (Seloraji & Eu, 2017). The difference in gender
differences between male and female was due to the human
physical and psychological development (Nazila et al., 2019)

while some scholars stating that the treatment and attention

given by the teachers (Yuniarti, 2014), contributed to this
result. Majority of the accessed articles show that there is no
gender difference on the effectiveness of GeoGebra in
teaching and learning in mathematics. This can be seen on
the trend shown from the collated data. Thus, human
physical and psychological development are not being seen
as giving impact to this study.

IV. CONCLUSION

PRISMA has been used to discern the nature of gender
difference in the effectiveness of GeoGebra in teaching and
learning of mathematics from varied dimensions. Four
research questions have been deployed to support the
general aim of this study. The distribution of the accessed
articles over the years were up and down by heading to its
declining trend. Based on Figure 3, from 2011 to 2020, the
number of articles published in regards of the related topic
keep decreasing. Two articles published respectively in 2011,
2012, 2015, and 2017 (Dogan & Icel, 2011; Hutkemri &
Zakaria, 2012; Lee, 2011; Mukiri, 2012; Onaifoh & Ekwueme,
2017; Seloraji & Eu, 2017), one article published respectively
in 2019 and 2020 (Klemer & Rapoport, 2020; Lestari et al.,
2019), while no article being published in 2013, 2016 and
2018.

The distribution of origin in the accessed articles by
country (and territory) of origin the study being conducted
shows that Asia dominated this study with six articles (55%),
while Africa with three articles (27%) and North America
and Europe, respectively produced one paper (9%). As for
the types of samples participated on the studies examined,
most of the accessed articles conducted their studies on
secondary students (64%) following by primary pupils (27%)
while 9% on school teachers. The collated finding is
coherent with Lavicza et al. (2020), GeoGebra was mainly
being introduced to be used for secondary students. As the
Mathematics curriculum all around the world are revamping
their curriculum, new topics being introduced at lower level
of education (Mazlan, 2020; Mazlan et al., 2019).

As for the effectiveness of GeoGebra in teaching and
learning of mathematics, all accessed articles conclusively
stated that GeoGebra can improve students and pupils
cognitive and affective dimensions. Six articles provide

significant evidence that by using GeoGebra, learners’
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achievement can be enhanced from their geometric
knowledge (Klemer & Rapoport, 2020), conceptual and
procedural knowledge (Hutkemri & Zakaria, 2012),
achievement in reflection topic (Seloraji & Eu, 2017), plane
geometry (Onaifoh & Ekwueme, 2017), geometric
transformation (Vasquez, 2015), and topic of function
(Hutkemri & Zakaria, 2012). Other than cognitive domain,
effective domain also affected positively using GeoGebra
where learners’ motivation (Emaikwu et al., 2015; Vasquez,

2015) and perception (Lee, 2011; Shahmohammadi &

Kamalludeen, 2014) in learning mathematics have increased.

In term of gender difference, the conclusive findings show
no gender difference on the effectiveness of GeoGebra in the
teaching and learning of mathematics. The difference in
gender differences between male and female was due to the
human physical and psychological development (Nazila et
al., 2019) while some scholars stating that the treatment and
attention given by the teachers (Yuniarti, 2014), contributed
to this result. This can be seen on the trend shown from the
collated data, Seloraji and Eu (2017) found that girls
performed better than girls stating that the sample was
seven years old pupils while studies from Lee (2011) and

Vasquez (2015) stating that boys performed better than girls
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