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This paper described the use of GeoGebra software to help students in understanding
Calculus material and its applications. GeoGebra is already used by more than 100
million students around the world. GeoGebra has the ability to minimize the difﬁculties
of students who get Calculus subjects, especially students majoring in Natural
Sciences and Engineering because this subject becomes a compulsory subject and
a fundamental foundation in mathematics and its application across multidisciplinary
ﬁelds such as medical, social sciences, psychology, and economics. Usually, the
calculus course is given to ﬁrst-year university students as the foundation for next
course requirement. However, the manual calculation in Calculus sometimes takes
a long time as it requires mathematics skills to solve the problem. Therefore, the
advantages of using GeoGebra are (a) helping to convey the Calculus concept material
to be more interesting, especially for the delivery of material concepts of functions,
limits, derivatives, and integrals, (b) providing a more realistic image, especially for
more complex calculus material, and (c) providing a faster and accurate solution.
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example, when managing ﬁnances we not only need to know the science of accounting
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but also the basic mathematical calculations used in the accounting sciences. So that
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the experiments and tools used that help in calculations.

Conference Committee.

With the development of internet technology, various tools are used to facilitate
learning mathematics easily and quickly, including from ”The Tech Edvocate”, ”Common
Sense Education”, or ”The Math Learning Center”. To be more interactive and fun, some
of these mathematical applications can be easily obtained, including (a) Pentagon Math,
which is a mathematical application that focuses on algebra, ratios, trigonometry, geometry, and statistics; b) Mathalicious, which helps learners in understanding mathematical
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concepts in a fun way; (c) Photomath, which can be used as a private technology-based
tutor in learning math to solve problems; and (d) GeoGebra, which is a mathematical
application that can provide illustrations with models and simulations.
GeoGebra software can be used to help mathematics learners from elementary
school to college level. At the university level there is a compulsory Calculus course for
students in the ﬁelds of science and engineering. Usually, this course is given in the
initial year of university. It turned out that from several studies it was found that students
were still having difﬁculty understanding the Calculus course. (Pyzdrowski et al, 2012;
Zakaria et al, 2015). Various ways are used to improve achievement in the Calculus
course. One of them is using GeoGebra software.
GeoGebra is one of the technologies that has become a reliable learning resource
in calculus. GeoGebra has become a tool that can help teachers to design effective
instructional lessons that enhance teaching and learning process in Calculus (Nobre
et al, 2016; Hohenwarter, 2008). It aims to support and enhance the ability of sensemaking learners in Calculus, as well as to sharpen reasoning learner skills so that they
can be used as problem solvers and communication mathematically. Effective teachers
can optimize the potential of GeoGebra to develop students’ understanding, stimulate
students’ interest, and improve students’ abilities in Calculus. When the teachers uses
technology that is strategically integrated and correct, it means that in a professional
manner it has continuously developed technological knowledge and its application
to support the learning and teaching process so as to give an impact on students’
understanding and use of GeoGebra for Calculus (Gluzman et al, 2018; Thomas et al,
2018; Khalil, 2017).

2. GeoGebra
GeoGebra has been very widely used by academics and researchers as an alternative
to learning media of mathematics that is quite reliable based on technology. The
use of GeoGebra can be accessed free online and can be downloaded for free for
ofﬂine purposes. Online GeoGebra can be accessed on this site; https://www.geogebra.
org/classic and for ofﬂine software, GeoGebra can be accessed through https://www.
geogebra.org/download. Based on the site, GeoGebra users have reached 100 million
students, while GeoGebra researchers based on Google Scholar have 15,800 published
scientiﬁc papers.
The GeoGebra software was the result of Markus Hohenwarter’s thesis of master program at the University of Salzburg in 2002 (Hohenwarter, 2013). Hohenwarter
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designed GeoGebra by combining interactive geometric software features and algebraic systems into an integrated and easy-to-use system for teaching and learning
mathematics (Hohenwarter et al,2007). GeoGebra can be used for learning geometry,
algebra, calculus and statistics.
To run GeoGebra, Java Runtime Environment ( JRE) is required. Devices (Hohenwarter
et al, 2007; Ancsin, 2011; Hohenwarter; 2013; Ancsin, 2013) which can support GeoGebra
applications include (a) laptops or computers running on the latest Mac, Linux or Windows operating systems; (b) tablets such as iPad, iPad mini, or Android; (c) smartphones
running on the latest mobile OS versions such as iOS or Android, and connected to
the internet through a web browser; (d) other internet-based devices such as the iPod
Touch.
The use of GeoGebra software in the ﬁeld of academics has been done a lot.
This is evidenced by the 28,100 scientiﬁc papers regarding GeoGebra produced by
students, teachers, lecturers, researchers and practitioners on Google Scholar. The
use of GeoGebra in the ﬁeld of education includes (a) Hussin et al (2018) Teaching
Eﬀectiveness using GeoGebra; (b) Solvang et al (2018) Use of GeoGebra for physics
education; (c) Jacinto et al (2017) Solving mathematical problems using GeoGebra; (d)
Bulut (2016) Eﬀect of Geogebra on academic achievement of third grade primary school
students in solving fraction problems; (e) Verhoef et al (2015) Professional development
through lesson study by teaching derivatives using GeoGebra.
Besides using GeoGebra for Mathematics and Calculus, many researchers also conducted research on the Geogebra software itself and its application, including Binterová
et al (2013) Use of Geogebra seen from the content and language used as learning;
Drabekova et al (2015) Solving the Microeconomics Problems by Using GeoGebra.
Aktümen et al (2016) GeoGebra can be considered an Artist’s Paintbrush; Dimitrov et al
(2018) Use of GeoGebra Application for teaching Mechanical Engineering. Based on
these scientiﬁc papers, a variety of perspectives and the use of GeoGebra in daily life
show a deep interpretation of GeoGebra software.

3. Research Methods
One of the methods that can be used as supporting evidence in a research is through a
systematic literature review applied to gather experience from various different studies
to answer certain research questions by analyzing the contribution of the research.
Systematic literature review is shortened to systematic review. Systematic review (Patten, 2018; Walliman, 2011) is a medium to identify, evaluate and interpret all available
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research that is relevant to a particular research question, or topic area, or an interesting
phenomenon. Study that forms the basis for systematic review is called primary study
and systematic review itself forms of secondary study. Various techniques aim to provide
a systematic and rigorous tool for literature analysis. Suggestions are also made on
writing analysis of ideas in ways that can provide clarity, coherence and clarity.

4. Discussion
Based on the results of Scopus from 2006 to 2018 there were 373 international scientiﬁc
papers on GeoGebra. Graphically, from 2006 to 2018 there is always an increase
as seen in Figure 1. GeoGebra has also been used in various ﬁelds including Social
Sciences, Mathematics, Computer Science, Physics, Engineering, Psychology, Art and
Humanities, Decision Sciences, Business and Management and Chemistry. Based on
the chart in Figure 1, there are 31.5% for Social Sciences, 24% for Mathematics and 21.8%
for Computer Sciences.

Figure 1: Chart of Scopus GeoGebra.

Figure 2 shows the interest in using GeoGebra based on the Country and its afﬁliation.
Indonesia is one of the countries where the researchers conducted GeoGebra research
indexed by Scopus. The number of scientiﬁc papers using GeoGebra indexed by Scopus
has more than 20 published papers from 2006 to 2018. However, the universities that
dominate the scientiﬁc papers in GeoGebra are Universidad de Cantabria (Spain) and
Universidad de Vigo (Spain).
The use of GeoGebra software is very helpful for learners to provide an overview of
function descriptions, to have an overview of visualization, and to be able to represent
calculus concepts more realistically. As shown in Figure 3, each represents a function
of (a) f(x) = x; (b) f(x) = x2 ; (c) f(x) = x3 ; (d) f(x) = x4 ; (e) f(x) = integral(x2 ); (f) f(x) = derivative(x).
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Figure 2: Country-based GeoGebra and its afﬁliation 2006 - 2018.

Manually describing a function seen in Figures 3b, 3c, 3d, and 3e will be more difﬁcult.
By using GeoGebra, learners or tutors will be easier to represent a function visually.

(a)

(b)

(c)

(d)

(e)

(f)
Figure 3: Representation of Functions Using GeoGebra.
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5. Conclusion
The application of technology as an alternative to teaching and learning is very important, especially for learning Calculus. GeoGebra is one of the softwares that can facilitate
teaching mathematics. The use of GeoGebra software can help students improve understanding of Calculus learning. So that GeoGebra can be a tool that can make it easier
for students to master Calculus material. Geogebra is able to help Calculus material
students through visualization because GeoGebra is an application of technology that
provides an opportunity for learners to visualize their ideas using graphic illustrations.
Representing a function in Calculus in graphics is not easy. To be able to describe a
function appropriately is not only relying on mathematical abilities but also having skills
in art. Therefore, GeoGebra helps lecturers in explaining Calculus concepts easily so
Calculus learning becomes more interactive and innovative through creative learning.

Acknowledgements
The writer would like to thank Ministry of Research, Technology, and Education (Kemristekdikti) Indonesia and LP2M of Semarang State University (UNNES). Their support was
making this project possible. This project was supported by the Strategic National Grant
Directorate of Research and Community Service (DRPM) initiated by Kemristekdikti and
UNNES.

References
[1] Aktümen, M. and Yildiz, A. (2016). GeoGebra as an Artist’s Paintbrush. Malaysian
Online Journal of Educational Technology. Vol. 4, No 2, pp 17-31. ISSN: EISSN-22892990
[2] Ancsin, G., Hohenwarter, M., and Kovács, Z. (2013). GeoGebra goes Web. The
Electronic Journal of Mathematics and Technology, Volume 7, Number 6, ISSN 19332823
[3] Ancsin, G., Hohenwarter, M., and Kovács, Z. (2011). GeoGebra goes Mobile. The
Electronic Journal of Mathematics and Technology, Volume 1, Number 1, ISSN 19332823
[4] Binterová, H. and Šulista, M (2013). GeoGebra Software Use within a Content and
Language Integrated Learning Environment. European Journal of Contemporary
Education. Vol. 4, No 2.
DOI 10.18502/kss.v3i18.4714

Page 210

UICRIC 2018

[5] Bulut, M., Akçak𝚤n, H. U., Kaya, G., & Akçak𝚤n, V. (2016). The Effects of GeoGebra
On Third Grade Primary Students’ Academic Achievement in Fractions. International
Electronic Journal of Mathematics Education. Volume 11 Issue 2, pp. 347-255
[6] Dimitrov, DM and Slavov, SD. (2018). Application of GeoGebra software into
teaching mechanical engineering courses. MATEC Web of Conferences. DOI :
doi.org/10.1051/matecconf/201817807008
[7] Drabekova, J. and Švecova, S. (2015). Solving the Microeconomics Problems by
Using the Tools of GeoGebra. Proceedings ICABR.
[8] Gluzman, N. A., Sibgatullina, T. V., Galushkin, A. A., and Sharonov, I. A. (2018). Forming
the Basics of Future Mathematics Teachers’ Professionalism by Means of Multimedia
Technologies. EURASIA J. Math., Sci Tech.;14(5):1621–1633. DOI: https://doi.org/10.
29333/ejmste/85034
[9] Hohenwarter, M. et al. (2008). Teaching and learning calculus with free dynamic
mathematics software GeoGebra. ICME 11, Monterrey, Mexico.
[10] Hohenwarter, M. (2013). GeoGebra 4.4–From desktops to tablets. Indagatio
Didactica. Vol. 5(1). ISSN: 1647-3582
[11] Hohenwarter, M., and Preiner, J. (2007). Creating Mathlets with Open Source Tools.
The Journal of Online Mathematics and Its Applications. Volume 7. July 2007. Article
ID 1574
[12] Hussin, S., & Yusoff, J. M. (2018).The Effectiveness of Using GeoGebra Software
in Teaching Angle in Circle. International Journal of Computer and Information
Technology (ISSN: 2279 – 0764), Volume 07 – Issue 05.
[13] Jacinto, H., & Carreira (2017). Mathematical Problem Solving with Technology: the
Techno-Mathematical Fluency of a Student-with-GeoGebra. Volume 15, Issue 6, pp
1115–1136
[14] Khalil, M., Sultana, N., and Khalil, U. (2017). Exploration of Mathematical Thinking and
its Development through Geogebra. JOURNAL OF EDUCATIONAL RESEARCH (Vol.
20 No. 1) 2017 Department of Education IUB, Pakistan.
[15] Nobre, C. N. et al. (2016). The Use of Geogebra Software as a Calculus Teaching and
Learning Tool. Informatics in Education, Vilnius University, Vol. 15, No. 2, 253–267.
DOI: 10.15388/infedu.2016.13
[16] Patten, M. L., and Newhart, M. (2018). Understanding Research Methods: An
Overview of the Essentials. Taylor & Francis.
[17] Pyzdrowski, L. J., Sun, Y., Curtis., Miller, D., Winn, G., and Hensel, R. A. M. (2013).
Readiness and attitudes as indicators for success in college calculus. International
Journal of Science and Mathematics Education 11: 529 – 554.
DOI 10.18502/kss.v3i18.4714

Page 211

UICRIC 2018

[18] Solvang, L., & Haglund, J. 2018. GeoGebra in physics education. 10th International
Conference on Education and New Learning Technologies, Palma, Spain. 2-4 July,
2018. DOI: 10.21125/edulearn.2018
[19] Thomas, A. and Edson, A. J. (2018). Integrating Mathematics Teaching with Digital
Resources: Where to Begin? Proceedings of the 5𝑡ℎ , ERME Topic Conference MEDA
– ISBN 978-87-7078-798-7
[20] Verhoef, N.C, Coenders, F., Pieters, J. M., Smaalen, D. V., & Tall, D. O. (2015).
Professional development through lesson study: teaching the derivative using
GeoGebra. Journal Professional Development in Education. Volume 41 – Issue 1.
DOI : https://doi.org/10.1080/19415257.2014.886285
[21] Walliman, N. (2011). Research Methods : The Basics. Taylor & Francis.
[22] Zakaria, E., and Salleh, T. S. (2015). Using Technology in Learning Integral Calculus.
Mediterranean Journal of Social Sciences. MCSER Publishing, Rome-Italy. Vol 6 No
5. DOI:10.5901/mjss.2015.v6n5s1p144

DOI 10.18502/kss.v3i18.4714

Page 212

