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Abstract: GeoGebra is a software that is often used in mathematics learning. GeoGebra is an electronic
program that contains a set of tools that equip students with mathematical skills. This research aims to look at
research trends related to algebra learning that integrates GeoGebra. This research is literature review research,
there are 95 publications collected from the Scopus database which are then analyzed using the bibliometric
analysis method assisted by the VVos viewer application. Data taken from the Scopus database was refined in 4
stages, namely identification, filtering, eligibility, and inclusion, resulting in 95 publications. The research
results show that Spain and Austria are the most influential countries and have high cooperation with other
countries in this field. The focus of research related to GeoGebra on algebra material is, 1) geometry and
students; 2) GeoGebra and algebra; 3) elementary geometry and computational theory; 4) dynamic geometry
and computer algebra. The new themes in this research are symbolic computation, quantifier elimination and
real quantifier elimination. This research not only enriches the scientific literature in the fields of GeoGebra and
algebra but also provides practical guidance for educators and researchers to improve mathematics teaching and
learning methods in the future.
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Introduction

Technological developments have had a significant impact on the field of education by making understanding
easier and increasing excitement in the learning process (Jan, 2017; Kristanto et al., 2016; Murtikusuma et al.,
2019; Sriyanto & Kaniadewi, 2019). Therefore, the use of technology can improve the quality of education
through learning media pembelajaran (Joshua et al., 2016; Oktavianingtyas et al., 2018; Rohaeti et al., 2019).

The use of learning media aims to convey something abstract to be realistic to improve student understanding
and student learning outcomes (Rohaeti et al., 2019). Improving understanding and learning outcomes using
technology depends on students' literacy in information and communication technology (ICT) (Fatahillah et al.,
2020). According to Garba (2014), ICT literacy includes five components, namely: accessing, managing,
integrating, evaluating, and creating. Therefore, in today's education system, ICT literacy needs to be developed
because it affects student learning outcomes (Markauskaite, 2006; Solar et al., 2013; Tadesse et al., 2018;
Thammasaeng et al., 2016). Current mathematics learning has integrated ICT learning media. Many applications
can be used in learning mathematics, such as spss, maple, math lab, GeoGebra, Microsoft mathematics, and
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others (Ekawati, 2016). By integrating mathematics learning through ICT, it makes it easier for students to
understand concepts to solve mathematical problems (Sivakova et al., 2017). Research by Toma et al. (2023)
revealed that with the use of ICT in learning there is a significant difference to improve performance, develop
participatory skills, and have the ability to provide positive results to students.

GeoGebra is one of the software that is often used in learning mathematics Al-Alawi (2017) defines GeoGebra
as an electronic programm that contains a set of tools that equip students with mathematical skills. This software
is very useful for teachers and students, but it cannot replace the role of the teacher. The main topics in
mathematics that can use GeoGebra software consist of Algebra, Geometry, and Maths (Al-Noaimi, 2016). In
this GeoGebra software, the system used can be classified into 2 systems, namely: Computer Algebra System
(CAS), because it contains algebraic and conceptual processes involving equations and coordinates; the second
is Dynamic Geometry Software System (DGS), because it contains geometry concepts such as points, lines, 2D
shapes, and 3D objects. This makes students understand information about the relationship between concepts.

Meanwhile, Al-Balawi (2013) stated that GeoGebra is a tool that can help students acquire mathematical skills
easily and interestingly. GeoGebra is designed to enable students to gain a deep understanding of mathematical
theories and facts through the exploration and practice of these concepts. Using GeoGebra in learning
mathematics creates a new dimension in the process of acquiring a mathematical concept, especially the topics
of algebra and geometry.

One of the most important topics in learning mathematics is algebra. This is in line with the opinion of Wang
(2015) who states that algebra has been recognized as an important part of mathematics learning as well as a lot
of emphasis in to overcome the difficulties and challenges in learning algebra. Algebra is a complex material
and is dominated by abstract concepts (Hodgen et al., 2015; Hodgen et al., 2018). Abstract concepts and the
variety of symbols used in learning concepts, procedures, and problem-solving strategies (Cousins-Cooper et al.,
2017; Ferretti et al., 2018). make it difficult for teachers to find the best method to teach algebra and students
have difficulty learning algebra (Cousins-Cooper et al., 2017; Garzon & Bautista, 2018). Nevertheless, teachers
can still improve student learning by implementing evidence-based learning strategies and teachers are expected
to have a deep understanding of algebra knowledge content and forms of intervention in algebra learning
(Cousins-Cooper et al., 2017; Lee et al., 2020).. The form of intervention can be done by using GeoGebra
software in learning algebra. Research by Latifi et al. (2021) revealed that using GeoGebra in learning can
improve students' conceptual abilities in differential equation material.

The theme of research on learning algebra using GeoGebra software is interesting to study. However, we
consider it necessary to conduct a bibliometric analysis on this theme. Bibliometric analysis is conducted to
update research information on mathematics education (Julius et al., 2021). Using bibliometric analyze makes it
possible to analyse data from citation indices to see the reputation and influence of specific research papers,
authors, and publications (Julius et al., 2021). In addition, bibliometric analysis also allows one to
quantitatively evaluate major journal titles and keywords and stream publications in an academic context in a
more coordinated way. As for other relevant data relating to the academic community, one can visualize the
interaction between authors from different universities, institutions, and countries.

According to Cancino et al. (2017), the existence of bibliometric studies as a literature greatly contributes to the
art of introducing many fields of interest. For example, certain phenomena can be assessed and investigated in
various fields ranging from the field of social sciences (Aria et al., 2020; Uribe-toril et al., 2020) to science and
technology (Andreo-Martinez et al., 2020; Jiang et al., 2020), engineering (Haleem et al., 2020; Marzi et al.,
2020), education (Gil-Doménech et al., 2020; Shen & Ho, 2020), etc. Recently, Wei et al. (2023) have
conducted a bibliometric analysis by comparing the current research status, research hotspots, and development
trends of teachers' attention in mathematics education. In mathematics education research, the literature search
method systematically uses bibliometric tools combined with a more qualitative approach.

In general, this study aims to look at research trends related to algebra learning that integrates GeoGebra.
Therefore, in this study, a bibliometric analysis will be conducted (Hawkins DT, 2001; Linnenluecke et al.,
2020) to systematically analyze existing works that focus on learning algebra that integrates GeoGebra.To
systematically analyse existing works that focus on learning algebra using GeoGebra; by sorting out research
advances, drawing a visual knowledge map and relevant literature, and visually revealing learning algebra using
GeoGebra that pays attention to research and developmental trends in this file. Do not underline words for
emphasis. Use italics instead. Both numbered lists and bulleted lists can be used if necessary. Before submitting
your manuscript, please ensure that every in-text citation has a corresponding reference in the reference list.
Conversely, ensure that every entry in the reference list has a corresponding in-text citation.
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Method

This research uses bibliometric methods. This technique incorporates a systematic analysis of published articles,
including citations, to assess the impact of these articles (Maditati et al., 2018). The bibliometric analysis used
in this study is descriptive bibliometrics that describes the characteristics or features of a literature. Bibliometric
analysis techniques are divided into 2 categories, namely work analysis and mapping (Donthu et al., 2021)
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Figure 1. Data collection process
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In searching for data sources related to "GeoGebra on algebra material”, researchers use the Scopus database
because of its very broad interdisciplinary coverage. There are several steps in refining the data that has been
collected as shown in Figure 1. First is identification, then proceed with the screening step, eligibility, and
finally the inclusion step (Moher et al., 2009).

The first step, identifying relevant publications using a search string and removing the same or duplicate
publications. The topic and scope is "GeoGebra on algebra material” There are 110 publications and no
duplicates were obtained. The second step, screening is done by selecting publications on the type of document
required. That is, to find the publications needed to be more effective, an advanced search is carried out by
limiting the type of document, namely only documents of the article and conference paper type that will be
included in the next stage. At this stage, 102 publications were obtained and will be continued at the next stage.

In the third step, 102 publications will be assessed for eligibility. Titles and abstracts will be manually assessed
by researchers to identify which publications match the inclusion criteria, namely research that includes
GeoGebra in algebra material. This means that only publications that fit the criteria are included in the analysis
related to the discussion of the research. The language that must match the needs of the researcher is English
because it is the most widely used international language in communication in scientific work. At the end of this
stage, 7 publications were deleted because they used a language other than English. At the end of this third
stage, 95 publications remained. The purpose of this study is to see the trends and landscape of research related
to GeoGebra in algebra material, for all publications, namely 95 publications, are included in the inclusion stage
to ensure the objectivity of the interpretation results. This data was collected on 4 November 2023 during the
inclusion stage.

Data Analysis Method

Publication trends related to GeoGebra in algebra material are carried out by descriptive analysis taken from the
Scopus database with bibliometric. The number of publications and the linear trend of publications each year
from 2007 to 2023 will be displayed in a graph using Microsoft Excel software. Publication citation trends
related to GeoGebra in algebra material are separated by year. The average citation per publication is also
calculated using Microsoft Excel software. As for finding the h-index and g-index of the publication, researchers
used Harzing's Publish or Perish software.

In displaying the journals with the highest number of articles as well as seeing the quartile value, researchers use
Microsoft Excel software to display journal ranking diagrams. In displaying the distribution of publications by
country, researchers also use Microsoft Excel software. Analysis of events along with keywords related to
GeoGebra in algebra material is carried out to determine the focus of the research. The data to be analyzed is
taken from the Scopus database which must first be processed. The research focus can be determined from the
shared keywords visualized by VOS viewer Software.

Results and Discussion

The number of publications obtained at the inclusion stage is 95 selected publications in the last decade, starting
from 2007 to 2023. The data source was taken from articles with 47.4% then conference papers with 52.6%.

Publication Trend

The distribution of publications is shown in Figure 2 from 2007 to 2023. The highest number of publications
occurred in 2021, namely as many as 18 articles published in that year if it is presented in 2021 (19%), then in
2022 (14%)).

A significant increase in the number of publications per year related to GeoGebra on algebra material occurred
from 2020 to 2021, namely a 6-fold increase. Judging from the linear line or publication trend, it shows that
publications are increasing every year. In 2008 there were no articles published. The next lowest number of
publications is 1 publication per year which occurred in 2007, 2009, and 2010. This means that the development
of publications related to GeoGebra in algebra material has increased since 2011. Although initially, from 2007
to 2010, there was at most only one publication per year, this situation has changed dramatically in the last few
years. In recent years, there has been a drastic surge in the number of publications related to GeoGebra and
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algebra. The fact that the number of publications in 2021 increased 6 times compared to 2020 shows the
increasing interest and focus of researchers in exploring and publishing information related to GeoGebra in the
context of algebra. In 2008, no publications related to GeoGebra and algebra were found, but since then, the
trend has been positive. The use of GeoGebra tools in teaching and learning algebra has become an increasingly
important research subject for academics and researchers. This change reflects the growing interest in the
application of technology in learning mathematics, especially in the context of algebra, and shows that
GeoGebra has become a very relevant and valuable tool in the world of mathematics education.
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Figure 2. Publications from 2007 to 2023

These developments have made a significant contribution to the understanding and methods of teaching algebra.
With the number of publications increasing every year, it can be assumed that mathematics researchers and
educators are increasingly recognising the value and potential of GeoGebra in helping students understand
algebraic concepts more interactively and visually. In addition, this positive trend also reflects a response to
technological developments and the need for more innovative and dynamic approaches to learning. GeoGebra
provides opportunities for practical mathematical exploration, allowing students to better visualize algebraic
concepts, which in turn can improve their understanding (Suryawan & Permana, 2020; Yanti et al., 2019). In the
academic context, the increasing number of publications also shows that the scientific community recognizes the
value of GeoGebra-related research in the context of algebra. Findings and innovations in the use of GeoGebra
in algebra learning have the potential to penetrate the formal education curriculum and help refine mathematics
teaching methods at various levels of education. Therefore, seeing these positive developments, it can be
expected that research and publications related to GeoGebra and algebra will continue to grow in the future.
This will not only benefit the teaching and learning of mathematics, but will also open the door for discoveries
in the world of mathematics education that can shape a generation of students who are more skilled and
knowledgeable in the field of algebra.

Quote Trends

Citation trends over the past decade related to GeoGebra in algebra as shown in Table 1 from 2007 to 2023.
The Table 1 shows that the number of publications related to GeoGebra on algebra material cited (NCP) in 2021
is the highest with (NCP = 9). The highest total citation was in 2015 with 139 total citations, although the
highest number of publications was in 2021, several publications in the previous year had a very large research
impact, such as from 2014 when only 18 citations rose sharply to 139 citations. Looking at the h-index
calculated per year shows that in 2015 the h-index reached its highest with an h-index of 5. This means that this
data also provides important insights into the dynamics of research and citations. While the number of
publications in 2015 may not be as many as in 2021, the impact on the scientific community is huge. This
emphasizes the importance of not only looking at the number of publications but also measuring the influence
and acceptance of research by academics and other researchers.
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Table 1. Citation analysis of publications

Year TP(%) NCP TC CIP h g
2023 7 1 1 0,14 1 1
2022 13 8 14 1,08 2 3
2021 18 9 45 2,50 4 6
2020 3 1 1 1 1 1
2019 7 5 23 3,29 3 4
2018 9 8 25 2,78 3 4
2017 5 5 14 2,80 2 3
2016 5 4 38 7,60 3 5
2015 6 6 139 23,17 5 6
2014 5 5 18 2,40 2 4
2013 6 5 29 4,83 2 5
2012 4 2 10 2,50 2 3
2011 4 2 9 2,25 2 3
2010 1 1 2 2 1 1
2009 1 1 30 30 1 1
2008 - - - - - -
2007 1 1 74 74 1 1

Notes. TP=total of publications, NCP=number of cited publications, TC=total citations, C/P=average citations
per publication, h=h-index, g=g-index.

The importance of 2015 in the history of GeoGebra and algebra research can also be interpreted as a turning
point in the development of knowledge in the field. Research in that year may have introduced new concepts,
innovative methods, or revolutionary applications of GeoGebra in learning algebra. As such, these publications
have paved the way for further research, inspiring other researchers to explore the new ideas introduced that
year. One of the most cited publications in 2015 was the research conducted by Botana et al. (2015). Botana et
al. (2015) said the use of GeoGebra's performance, which is equipped with automatic deduction tools, is already
very promising as many complex theorems can be proved in less than 1 second. Therefore, we believe that many
new and exciting ways of using GeoGebra in the classroom are coming soon.

Analyzing this data also provides direction for future research. While 2021 showed an increase in the number of
publications, it is important to understand the factors that made 2015 such an influential year. Further research
could be conducted to identify the characteristics of research in 2015 that made it so successful, as well as to
understand how the findings are still relevant and applicable in the current context of mathematics education. In
conclusion, this data provides a deeper look into the complexities and dynamics of scientific research. Progress
in GeoGebra and algebra is not only reflected in the numbers but also in the tangible impact that these studies
have on the scientific community and mathematics education. Therefore, understanding the context and true
value of scientific publications can provide valuable clues for future research directions and help enrich our
understanding of GeoGebra's role in improving algebra learning.

Journal Ranking Mapping Distribution

Based on the Scopus database, the Quartile (Q) value of a journal is obtained. From the 95 publications
obtained, grouping is then carried out based on the number of articles in each journal.

Table 2. Sources with the highest number of articles related to GeoGebra

Source Number of Quartile
Articles

Lecture Notes in Computer Science 15 Q3

Mathematics in Computer Science 9 Q3

Journal of Physics: Conference Series 5 Q4

CEUR Workshop Proceedings 5 Not included

Proceedings of the Asian Technology Conference in Mathematics 4 Not included

From the table above, articles related to GeoGebra on algebraic material are mostly written in Q3 and Q4
journals in the journal ranking system, from the top 5 journals 2 journals do not yet have a quartile value. This is
because journals that have a Q value are more selective in choosing articles so it is more difficult in terms of
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publication. This means that the writing of articles related to this field must be further improved so that more
articles will be published in journals that have a Q value. The focus of writing articles related to GeoGebra in
algebra material should be strengthened in journals ranked above quartile Q3 and Q4. Although writing articles
in these journals may be more difficult due to high selectivity, this is what makes it a very valuable target.
Researchers and academics need to strive to improve the quality of research, methodology, and contribution to
knowledge in every article they write. In addition, researchers need to keep abreast of the latest developments in
GeoGebra and algebra. By understanding research trends and the needs of the scientific community, article
writing can be directed to topics that are more relevant and significant. Strengthening cooperation between
researchers and institutions can also be an effective strategy to produce higher-quality research that is relevant to
the needs of quality journals.

In this context, increasing the number of articles published in journals with high quartile scores can also support
the development of academic and institutional reputations. Quality articles published in prestigious journals will
contribute greatly to improving the image of researchers, institutions, and even countries in the global scenario.
Therefore, authors, researchers, and educational institutions need to work together to produce high-quality
research and submit it to journals with high quartile scores. This will not only increase the visibility and impact
of the research, but will also advance the field of GeoGebra and algebra as a whole. With an awareness of the
importance of publication in quality journals, the scientific community can spur themselves to achieve higher
standards of excellence in their research, thereby enriching the scientific literature and supporting the future
development of mathematics education.

Geographical Distribution of the Publications

Countries are identified based on the country of origin of the journal. Figure 3 shows the geographical
distribution of publications, based on which, there are 10 countries with the highest number of publications.
Figure 3 shows that Spain and Austria are the most influential in this field. Spain has published 29 articles,
while Austria has published 27 articles. These two countries combined account for more than 55 percent of the
total publications. This means that the geographical distribution of publications reveals the significant influence
of two countries, Spain and Austria, in the field of research related to GeoGebra and algebra. With a total of 29
publications for Spain and 27 for Austria, both countries have made an enormous contribution to the scientific
literature in this field. When the number of publications from these two countries is combined, they account for
more than half, i.e. 55 percent of the total.

In other words, Spain and Austria have played a key role in the development of knowledge about the use of
GeoGebra in algebraic contexts. This success may reflect the existence of active research centers, strong
scientific cooperation, or innovative teaching approaches in higher education institutions in both countries. The
important role of Spain and Austria highlights the importance of cross-border collaboration in scientific
research. International collaboration can enrich perspectives, broaden the scope of research, and produce more
holistic solutions to complex challenges in GeoGebra and algebra.

In addition, these results provide an overview of the global diversity in approaches and research into GeoGebra
in the context of algebra, which may inspire researchers from other countries to engage in similar studies or
collaborate with researchers from Spain and Austria. In the context of mathematics education, understanding the
dominant role of Spain and Austria also provides opportunities for other countries to learn from their
experiences and approaches to the use of GeoGebra. By engaging various perspectives and best practices from
different countries, the scientific community can continue to enrich learning methods and improve students'
understanding of algebra, creating a positive impact on global mathematics learning.

It is important to recognize that GeoGebra was first developed on Austria by Hohenwarter (2001). Therefore, it
is not surprising that Austria has a significant impact in GeoGebra-related research, given the country's origins
in the development of this software. Austria's strong contribution to GeoGebra-related publications reflects the
continuity and depth of domestic research into GeoGebra applications in algebraic contexts. Thus, Austria's
presence as the second country with the highest number of publications is very natural. This achievement
reflects Austria's commitment to advancing mathematical knowledge, especially in the field of algebra, through
the use of GeoGebra as an effective and innovative learning tool. Austria's success in GeoGebra-related
publications also illustrates how the home country of educational technology development can lead and inspire
research at the international level, bringing benefits to the global scientific community.
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Figure 3. Geographical distribution of publications

Research Focus

Keyword co-occurrence analysis was conducted to determine the focus of research on GeoGebra on algebra
material. Researchers set a threshold of at least 3 publications containing the same keywords. From these,
results 529 keywords were reduced to 33 keywords.
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Figure 4. Keyword co-occurrence network (Occurrence Threshold > 4)

The results of the network visualization in Figure 4 show that there are 4 clusters with 33 items regarding
GeoGebra on algebra material, namely, 1) Cluster 1 (in red) is the largest cluster consisting of 9 items, the
keywords geometry and student have the largest circle among other cluster 1, meaning that these keywords
reflect the first research focus; 2) cluster 2 (in green) consists of 9 items with the keywords GeoGebra and
algebra having a large circle than the others, meaning that these keywords reflect the second research focus; 3)
cluster 8 (dark blue) consists of 4 items where the circle on the keywords elementary geometry and computation
theory is the largest in the cluster, meaning that the keywords reflect the third research focus; 4) cluster 4
(yellow) consists of 7 items with the keywords dynamic geometry and computer algebra, meaning that the
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keywords reflect the fourth research focus. This means that the results of the network visualisation in Figure 4
provide in-depth insight into four research clusters related to GeoGebra in algebra material. The first cluster,
marked in red, highlights the keywords "geometry" and "student" as the main focus of research. These two
keywords stand out with the largest circles, indicating that the research in this cluster mainly focuses on the use
of GeoGebra in teaching geometry concepts to students. This reflects the great interest in understanding the
interaction between algebra and geometry, particularly in the context of student learning.

The second cluster, represented in green, shows that the focus of the research is on the keywords "GeoGebra"
and "algebra”. The large circles around these two keywords indicate that the research in this cluster is more
focused on the application of GeoGebra in teaching, and learning algebra. This reflects efforts to investigate
how GeoGebra can be used to facilitate algebraic understanding, emphasizing the importance of technology
integration in mathematics learning. The third cluster, marked in dark blue, highlights the keywords "elementary
geometry" and "computation theory" as the main focus of research. The large circles on these two keywords
indicate that the research in this cluster focuses on specific aspects of geometry and computation theory,
exploring how GeoGebra can be applied in these contexts. This shows the diversity in the application of
GeoGebra, including at the level of basic geometry and computation theory.

The fourth cluster, represented by yellow, shows that the research in this cluster focuses on the keywords
"dynamic geometry" and "computer algebra". The large circles on these keywords depict research that explores
the interaction between dynamic geometry and computer algebra, showing how GeoGebra is used to incorporate
these concepts in mathematics learning. Taken together, the results of this visualisation provide an in-depth look
at the research focus within the field of GeoGebra on algebraic materials. By highlighting different aspects of
geometry, algebra and computation, these studies make a diverse and knowledge-rich contribution to the use of
GeoGebra in mathematical contexts, enriching understanding and approaches to learning in this area.

Impact and implementation

The results of the study that identified various research focuses related to GeoGebra in algebra materials provide
a clear picture of the impact and implementation of this technology in the context of learning mathematics. The
use of GeoGebra in teaching algebra not only allows students to visualize abstract concepts more concretely and
interactively but also facilitates independent exploration and problem-solving. With the integration of GeoGebra
in algebra learning, students can be more actively involved in the learning process, improve their understanding
of algebraic concepts, and develop critical and analytical thinking skills. In addition, the results of this study
also provide an in-depth look at how GeoGebra can be implemented in the mathematics curriculum. By
understanding the diverse focus of the research, educators can design more focused and relevant teaching
strategies. The development of learning materials that integrate GeoGebra can help overcome the challenges of
learning algebra, such as students' difficulties in understanding abstract concepts or boredom with less
interactive learning.

This positive impact is not only felt by students, but also by educators and researchers. Educators can improve
the quality of their teaching by utilizing GeoGebra as a dynamic and interactive tool. Researchers have the
opportunity to deepen their research by focusing on specific areas that have been identified, paving the way for
discoveries in the use of GeoGebra in the context of algebra. Overall, this research provides a strong foundation
for strengthening GeoGebra integration in algebra learning. By utilizing these findings, educators can design
more dynamic and relevant learning experiences, provide students with the ability to better understand and
master algebraic concepts, and ultimately, strengthen their grounding in mathematics that will be useful in
various contexts of their future lives.

Novelty of Research

In Figure 5, the novelty of GeoGebra-related research on algebra material is indicated by yellow circles, yellow
circles indicate new keywords used in recent years. The keywords with the new theme are symbolic
computation, quantifier elimination, and real quantifier elimination. The use of symbolic computation keywords
indicates that the research involves manipulating mathematical symbols to explain algebraic concepts
symbolically without regard to specific numerical values. In addition, the keyword quantifier elimination
indicates the use of mathematical techniques of logic and model theory to eliminate quantified variables in
mathematical formulas or statements, while real quantifier elimination emphasizes the use of these techniques in
the context of real numbers. Thus, this research highlights the application of GeoGebra in simplifying complex
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algebraic equations and solving mathematical problems involving real numbers with a more in-depth and
complex approach.
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Figure 5. Overlay visualization

Conclusion and Recommendations

From the results and discussion, it can be concluded that the development of publications related to GeoGebra in
algebra material has increased since 2011 and peaked in 2021 with a total of 18 publications. The geographical
distribution of publications reveals the significant influence of two countries, namely Spain and Austria in the
field of research related to GeoGebra and algebra. The focus of research related to GeoGebra on algebra
material is, 1) geometry and students; 2) GeoGebra and algebra; 3) elementary geometry and computation
theory; 4) dynamic geometry and computer algebra. New themes in this research are symbolic computation,
quantifier elimination, and real quantifier elimination. The four research focuses and new themes related to
GeoGebra on algebra material can be used as a reference for future researchers who want to determine the focus
and theme of their research related to this field.

The use of GeoGebra in learning algebra makes a significant contribution to the development of students'
mathematical knowledge. The research findings highlighted a variety of foci, ranging from the application of
GeoGebra in geometry to integration with algebra and computational theory. It is this diversity that
demonstrates GeoGebra's versatility and relevance in mathematics education. The positive impact of using
GeoGebra is seen in students' improved understanding of algebraic concepts, which strengthens their ability to
solve mathematical problems creatively and analytically. In addition, this research also underlines the
importance of international collaboration and the implementation of GeoGebra in the mathematics curriculum.
The integration of GeoGebra in learning not only changes the way students understand algebra but also provides
opportunities for educators to design interactive and engaging learning experiences. As a result, this research not
only enriches the scientific literature in the field of GeoGebra and algebra but also provides practical guidance
for educators and researchers to improve teaching and learning methods of mathematics in the future.

Scientific Ethics Declaration

The authors declare that the scientific ethical and legal responsibility of this article published in EPESS journal
belongs to the authors.

100



International Conference on Social Science Studies (IConSoS), May 02-05, 2024, Alanya/Turkey

Acknowledgements or Notes

* This article was presented as oral presentation at the International Conference on Social Science Studies
(www.iconsos.net) held in Alanya/Turkey on May 02-05, 2024

* The Author would like thank LPDP (Lembaga Pengelola Dana Pendidikan/Indonesia Endowment Fund for
Education) which is part of the Ministry of Finance for assisting the author in financing the master program and
writing this article until can be published.

References

Al-Alawi, N. (2017). The impact and effectiveness of using GeoGebra to teach engineering students and reduce
anxiety in engineering courses amongst first year high school pupils. Journal of Mathematics
Education, 20(9), 208-244.

Al-Balawi, J. (2013). The impact of an educational program based on GeoGebra in solving mathematical
problems and the motivation towards learning mathematics among first-year high school students in the
Kingdom of Saudi Arabia. Journal of Education, 1(154), 681-729.

Al-Noaimi, G. (2016). The impact of using GeoGebra in developing mathematical interconnection skills in first
year secondary school students in Riyadh. International Specialist Educational Journal, 5(5), 39-62.

Andreo-Martinez, P., Ortiz-Martinez, V. M., Garcia-Martinez, N., de los Rios, A. P., Hernandez-Fernandez, F.
J., & Quesada-Medina, J. (2020). Production of biodiesel under supercritical conditions: State of the art
and bibliometric analysis. Applied Energy, 264(C), 114753.

Aria, M., Misuraca, M., & Spano, M. (2020). Mapping the evolution of social research and data science on
30 years of social indicators research. Social Indicators Research, 149(3), 803—-831.

Botana, F., Hohenwarter, M., Jani¢i¢, P., Kovacs, Z., Petrovi¢, l., Recio, T., & Weitzhofer, S. (2015).
Automated theorem proving in geogebra: current achievements. Journal of Automated Reasoning,
55(1), 39-59.

Cancino, C. A., Merig6, J. M., & Coronado, F. C. (2017). A bibliometric analysis of leading universities in
innovation research. Journal of Innovation and Knowledge, 2(3), 106-124.

Cousins-Cooper, K., Staley, K. N., Kim, S., & Luke, N. S. (2017). The effect of the math emporium
instructional method on students’ performance in college Algebra. European Journal of Science and
Mathematics Education, 5(1), 1-13.

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to conduct a bibliometric
analysis: An overview and guidelines. Journal of Business Research, 133, 285-296.

Ekawati, A. (2016). Penggunaan software geogebra dan microsoft mathematic dalam pembelajaran matematika.
Jurnal Pendidikan Matematika, 2(3), 148-153.

Fatahillah, A., Puspitasari, I. D., & Hussen, S. (2020). The development of Schoology web-based learning
media with GeoGebra to improve the ICT literacy on quadratic functions. JRAMathEdu (Journal of
Research and Advances in Mathematics Education), 5(3), 304-316.

Ferretti, F., Paraskevi, M. C., & Vannini, I. (2018). Formative assessment for mathematics teaching and
learning teacher professional development research by videoanalysis methodologies (p.3).
FrancoAngeli.

Garba, S. A. (2014). Sani alhaji garba. impact of ict course on pre-service teachers acquisition of ict literacy
skills and competence in Nigeria. International Journal of Modern Education Research, 1(2), 37-42.

Garzon, J., & Bautista, J. (2018). Virtual algebra tiles: A pedagogical tool to teach and learn algebra through
geometry. Journal of Computer Assisted Learning, 34(6), 876-883.

Gil-Doménech, D., Berbegal-Mirabent, J., & Merigo, J. M. (2020). STEM education: A bibliometric overview.
Advances in Intelligent Systems and Computing, 894, 193-205.

Haleem, A., Javaid, M., Khan, R. H., & Suman, R. (2020). 3D printing applications in bone tissue engineering.
Journal of Clinical Orthopaedics and Trauma, 11, 118-124.

Hawkins, D. T. (2001). Bibliometrics of electronic journals in information science. Retrieved from
http://informationr.net/ir/7-1/paper120.html

Hodgen, J., Oldenburg, R., & Stremskag, H. (2018). Algebraic thinking. In Developing research in mathematics
education (pp. 32-45). Routledge.

Jan, S. (2017). Investigating the relationship between students’ digital literacy and their attitude towards using
ICT. International Journal of Educational Technology, 5(2), 26—34.

Jiang, D., Shi, B., Ouyang, H., Fan, Y., Wang, Z. L., Chen, Z. M., & Li, Z. (2020). A 25-year bibliometric study
of implantable energy harvesters and self-powered implantable medical electronics researches.
Materials Today Energy, 16, 100386.

101


http://www.iconsos.net/

International Conference on Social Science Studies (IConSoS), May 02-05, 2024, Alanya/Turkey

Joshua, J. N., Swastika, I. P. A., & Estiyanti, N. M. (2016). The effectiveness of e-learning implementation
using social learning network schoology on motivation & learning achievement. Jurnal Nasional
Pendidikan Teknik Informatika (JANAPATI), 5(1), 28-33.

Julius, R., Halim, M. S. A,, Hadi, N. A,, Alias, A. N., Khalid, M. H. M., Mahfodz, Z., & Ramli, F. F. (2021).
Bibliometric analysis of research in mathematics education using Scopus database. Eurasia Journal of
Mathematics, Science and Technology Education, 17(12), 1-12.

Kristanto, Y. D., Amin, S. M., & Khabibah, S. (2016). The development of investigative learning materials
using computer assisted mstruction in the topic of reflection for grade vil. JRAMathEdu (Journal of
Research and Advances in Mathematics Education), 1(2), 172-182.

Latifi, M., Hattaf, K., & Achtaich, N. (2021). The effect of dynamic mathematics software geogebra on student’
achievement: The case of differential equations. Journal of Educational and Social Research, 11(6),
211-221.

Lee, J., Bryant, D. P., Ok, M. W., & Shin, M. (2020). A systematic review of interventions for algebraic
concepts and skills of secondary students with learning disabilities. Learning Disabilities Research and
Practice, 35(2), 89-99.

Linnenluecke, Marrone, & Singh. (2020). Conducting systematic literature reviews and bibliometric analyses.
Aust J Manage, 45(2), 175-194.

Maditati, D. R., Munim, Z. H., Schramm, H. J., & Kummer, S. (2018). A review of green supply chain
management: From bibliometric analysis to a conceptual framework and future research directions.
Resources, Conservation and Recycling, 139, 150-162.

Markauskaite, L. (2006). Towards an integrated analytical framework of information and communications
technology literacy: from intended to implemented and achieved dimensions. Information Research,
11(3), 31-53.

Marzi, G., Caputo, A., Garces, E., & Dabi¢, M. (2020). A three decade mixed-method bibliometric investigation
of the 1eee transactions on engineering management. IEEE Transactions on Engineering Management,
67(1), 1-14.

Moher, D., Liberati, A., Tetzlaff, J., & Douglas. (2009). Preferred eeporting items for systematic reviews and
meta-analyzes: The PRISMA statement. Journal of Chinese Integrative Medicine, 7(9), 889-896.

Murtikusuma, R. P., Fatahillah, A., Oktavianingtyas, E., Hussen, S., & Lailiya, N. (2019). The development of
interactive mathematics learning media based on schoology and visual basic through industrial
revolution 4.0. IOP Conference Series: Earth and Environmental Science, 243(1), 1-6.

Oktavianingtyas, E., Salama, F. S., Fatahillah, A., Monalisa, L. A., & Setiawan, T. B. (2018). Development 3d
animated story as imteractive learning media with lectora inspire and plotagon on direct and inverse
proportion subject. Journal of Physics: Conference Series, 1108(1), 1-7.

Rohaeti, E. E., Bernard, M., & Primandhika, R. B. (2019). Developing interactive learning media for school
level mathematics through open-ended approach aided by visual basic application for excel. Journal on
Mathematics Education, 10(1), 59-68.

Shen, C. wen, & Ho, J. tsung. (2020). Technology-enhanced learning in higher education: A bibliometric
analysis with latent semantic approach. Computers in Human Behavior, 104, 106177.

Sivakova, D., Kochoska, J., Ristevska, M., & Gramatkovski, B. (2017). ICT-The educational programs 1in
teaching mathematics. TEM Journal, 6(3), 469-478.

Solar, M., Sabattin, J., & Parada, V. (2013). A maturity model for assessing the use of ICT in school education.
Educational Technology and Society, 16(1), 206—218.

Sriyanto, W., & Kaniadewi, N. (2019). Using schoology in the era of 1ir 4.0 (factors analysis from students’
perception). International Journal for Educational and Vocational Studies, 1(5), 451-454.

Suryawan, I. P. P, & Permana, D. (2020). Media pembelajaran online berbasis geogebra sebagai upaya
meningkatkan pemahaman konsep matematika. Prisma , 9(1), 108-117.

Tadesse, T., Gillies, R. M., & Campbell, C. (2018). Assessing the dimensionality and educational impacts of
integrated ICT literacy in the higher education context. Australasian Journal of Educational
Technology, 34(1), 88-101.

Thammasaeng, P., Pupat, P., & Petchaboon, S. (2016). Needs assessment of information and communication
technology literacy (ict literacy) of students in secondary educational service area. Nternational
Journal of Emerging Technologies in Learning, 11(12).

Toma, F., Ardelean, A., Gradinaru, C., Nedelea, A., & Diaconu, D. C. (2023). Effects of ict integration in
teaching using learning activities. Sustainability, 15(8), 1-22.

Uribe-toril, J., Ruiz-real, J. L., & Valenciano, J. D. P. (2020). The embeddedness of social sciences and
economics in research on resources. Resources, 9(2), 1-4.

Wang, X. (2015). The literature review of algebra learning: focusing on the contributions to students’
difficulties. Creative Education, 6(2), 144-153.

Wei, Y., Zhang, Q., Guo, J., & Chen, M. (2023). Learning to teach through noticing: A bibliometric review of

102



International Conference on Social Science Studies (IConSoS), May 02-05, 2024, Alanya/Turkey

teacher noticing research in mathematics education during 2006—-2021. Humanities and Social Sciences
Communications, 10(1), 1-15.

Yanti, R., Laswadi, L., Ningsih, F., Putra, A., & Ulandari, N. (2019). Penerapan pendekatan saintifik berbantuan
geogebra dalam upaya meningkatkan pemahaman konsep matematis siswa. AKSIOMA : Jurnal
Matematika Dan Pendidikan Matematika, 10(2), 180-194.

Author Information

Rahmat Kusharyadi Siti Fatimah

Universitas Pendidikan Indonesia Universitas Pendidikan Indonesia

Dr Setiabudi Street Number 229, Bandung, Indonesia Dr Setiabudi Street Number 229, Bandung, Indonesia
Contact e-mail: kusharyadir@upi.edu

Kusnandi Kusnandi Ilham Muhammad

Universitas Pendidikan Indonesia Universitas Pendidikan Indonesia

Dr Setiabudi Street Number 229, Bandung, Indonesia Dr Setiabudi Street Number 229, Bandung, Indonesia

To cite this article:

Kusharyadi, R., Fatimah, S., Kusnhandi, K., & Muhammad, I. (2024). The impact of GeoGebra in analytic
algebra: A bibliometric review. The Eurasia Proceedings of Educational & Social Sciences (EPESS), 35, 91-
103.

103



