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	Analyzing trends, efficacy, and research gaps regarding the usage of GeoGebra in transformation geometry education is the goal of this Systematic Literature Review (SLR). Students' spatial awareness and enthusiasm to learn are enhanced by GeoGebra, an interactive application that makes abstract concepts like translation, rotation, reflection, and dilation easier to visualize dynamically. Through the phases of identification, screening, eligibility, and inclusion, this study adhered to the PRISMA method for papers published between 2020 and 2025. Fifteen articles in all fulfilled the requirements for inclusion and underwent descriptive analysis. According to the study's findings, GeoGebra continuously improves students' conceptual knowledge and learning objectives while fostering cutting-edge teaching strategies like project-based, problem-based, and flipped learning. The possibilities for interactive learning are further increased by combining GeoGebra with other technologies, such Augmented Reality. Nonetheless, there are still gaps in the educational technology infrastructure, teacher preparation, and cultural background. Numerous research also demonstrate how GeoGebra and ethnomathematics can be used to enhance the learning environment, for instance by visualizing traditional dance moves. Overall, this review's findings support GeoGebra's enormous potential for developing inclusive, contextual, and interactive arithmetic instruction while also providing new avenues for study into technology-based learning design and cultural integration.
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INTRODUCTION
Geometry is a crucial topic in mathematics education, playing a key role in developing students' understanding of spatial concepts and mathematical relationships. Transformations such as translation, rotation, reflection, and dilation form the basis for numerous applications in disciplines such as design, technology, and computer science (Brown & Wilson, 2019). However, this topic is often considered challenging by students due to its abstract nature and the need for advanced spatial visualization skills (Martinez & Garcia, 2018). Research shows that integrating technology, such as dynamic geometry software, can significantly improve students' visualization skills, deepening their understanding of transformation concepts (Smith & Jones, 2020; Thompson & Evans, 2022). Furthermore, technology-based learning not only improves academic outcomes but also positively influences students' attitudes toward mathematics learning (Davis & Lee, 2021). With an innovative and interactive approach, the challenges of learning transformation geometry can be overcome, enabling students to understand and apply these concepts more effectively.
Learning mathematics, including transformation geometry, has been aided by interactive educational technologies like GeoGebra in recent decades. By allowing students to directly interact and examine geometric objects, GeoGebra provides a dynamic visual environment that bridges the gap between mathematical abstraction and visual reality (Küçük & Gün, 2023; Makamure & Mukamba, 2020). According to research, students' favorable attitudes about mathematics, learning motivation, and comprehension of mathematical topics can all be greatly enhanced by utilizing GeoGebra (Dahal et al., 2022; Asare & Atteh, 2022). Additionally, it has been demonstrated that GeoGebra works well for giving children a more structured and interactive understanding of geometric transformations including translation, rotation, reflection, and dilation (Condori et al., 2020). Numerous research are being carried out to assess GeoGebra's efficacy, create educational activities, and pinpoint opportunities and problems related to its use in mathematics instruction as a result of its growing usage in classrooms (Küçük & Gün, 2023; Dahal et al., 2022). Additionally, GeoGebra can help with geometry instruction by visualizing dance patterns and movement points.
By relating mathematical ideas to cultural customs, incorporating traditional dances—like the tea-eku dance—into mathematics instruction can improve student engagement and learning results. This strategy respects and conserves cultural heritage in addition to boosting engagement (Sa'o et al., 2023). The study of ethnomathematics examines how mathematical ideas are incorporated into cultural behaviors, such as the dolo-dolo dance, which uses ideas like angles, lines, and points. This method offers contextualized learning experiences and emphasizes how mathematics is present in regular cultural activities (Lewar et al., 2022). Studies relating human movement to geometric concepts like angles and symmetry have shown that the dynamic and visual nature of dance can make geometry more approachable and interesting for pupils (Taufer & Almeida, 2022). Students can make animations that blend mathematical and artistic concepts by using digital tools like the programmable Turtle Geometry. Through the imaginative process of coding dance moves, this method promotes a deeper comprehension of mathematical ideas like symmetry and periodicity (Kynigos & Karavakou, 2022).
Despite the large number of studies on GeoGebra-based learning, there has not been a thorough systematic assessment of the literature on transformation geometry. Students can directly handle geometric objects in GeoGebra's dynamic visual environment, which helps to connect mathematical abstraction with visual reality (Dahal et al., 2022; Condori et al., 2020). Numerous studies have demonstrated that GeoGebra can encourage students to participate more actively in their education and enhance their performance in geometric transformations (Bwalya, 2019; Muslim et al., 2023). To evaluate GeoGebra-based learning approaches, gauge the effectiveness of instructional tactics, and pinpoint current research gaps, a more thorough systematic review is necessary. To help educators make the most of this technology in teaching transformation geometry, this review is essential for formulating research recommendations (Yohannes & Chen, 2021; Muslim et al., 2023).
A framework for examining the literature on using GeoGebra to learn transformation geometry is provided by three primary research topics. In order to offer worldwide insights into prevailing trends and methodology, the first question focuses on mapping the literature profile, which includes publication distribution, researcher contributions, keyword analysis, and study methodologies. The effectiveness of GeoGebra features and learning strategies, such as self-directed exploration or collaboration, in enhancing student understanding is assessed in the second question. It also considers the learning context, which includes real-world applications or visual simulations, as well as the learning design, which includes content like translation, rotation, reflection, or dilation. The final question highlights the limits of the GeoGebra tool as well as research gaps related to cultural relevance and student demands. To enhance technology-based mathematics education, suggestions are made for enhancing GeoGebra's functionality, creating creative designs, and incorporating cultural contexts.

METHODS 
The Systematic Literature Review (SLR) method was used in this study. It was meticulously and methodically planned using a number of steps, such as finding, assessing, interpreting, and drawing conclusions from earlier research findings that were pertinent to and in line with the current study's focus (Triandini et al., 2019). Identification is the first stage of the SLR technique, during which researchers methodically gather material that is pertinent to the subject of the study. This procedure entails looking for literature from a variety of trustworthy sources, including journals, scientific databases, and other reference materials. The quality and applicability of every article or study gathered are then evaluated. A critical examination of the study's methodology, main conclusions, and additions to our knowledge of GeoGebra's application in geometric transformation materials are all part of this evaluation. After the assessment, an interpretation is carried out in order to gather and incorporate the results from the chosen literature. This calls for a deep comprehension of the findings of earlier studies as well as the creation of recognizable broad trends or conclusions. Ultimately, conclusions are derived from the interpretation's findings, and implications are delineated for a deeper comprehension of the advantages of GeoGebra applications in geometric transformation materials.
An inclusion criterion is required so that researchers can collect data and material that aligns with the study's goals. (1) Articles that are pertinent to the use of Geogebra in geometric transformation materials; (2) Timeline: 2020–2025; (3) Document type: journal articles with empirical data; (4) Articles in Indonesian to prevent confusion and translation issues in this research; (5) Articles with similar research with the research title using the keywords "Geometry and Geogebra"; (6) Articles accredited by Sinta and Garuda. For inclusion, the researcher developed the following criteria.
Researchers thoroughly reviewed and identified all datasets that satisfied the predetermined inclusion criteria in order to put this strategy into practice. During this approach, descriptive techniques were used to assess the caliber of pertinent studies. To get a complete picture of the issue raised in the study topic, the descriptive approach was employed. The identification, screening, eligibility, and inclusion phases of the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) process were used in this study. From data collection to article screening, the use of PRISMA is intended to offer the best possible transparency in the information flow (Hadi et al., 2020). These phases are described in depth to guarantee that every stage of the research process is completed in an organized way and in compliance with the success criteria of systematic reviews and meta-analyses.
It is hoped that by using the PRISMA approach, a clear, organized, and reliable report on the literature review will be generated. Additionally, a clear image of the quality and selectivity of the literature employed is provided by the quantity of studies analyzed at each level. Apart from Prisma, Vosviewer's capabilities are also used to evaluate the most recent geometry and GeoGebra research in the educational process.
FINDINGS AND DISCUSSION
Results
Research on the application of GeoGebra in mathematics education has significantly increased over the past ten years, according to a study of 15 pertinent articles (Figure 1). The majority of studies, which come from international journals devoted to mathematics education and educational technology, assess GeoGebra's effects on students' academic performance and conceptual understanding through a quasi-experimental methodology (Birgin & Topuz, 2021; Kholid et al., 2022). In order to go deeper into students' learning experiences, a number of other research used case study design, demonstrating how GeoGebra facilitates collaborative learning (Birgin & Uzun Yazıcı, 2021). The use of GeoGebra to teach geometric transformations like translation, rotation, reflection, and dilation, as well as cutting-edge strategies like project-based learning and technology integration to enhance mathematics instruction, are among the primary themes presented in these studies (Kounlaxay et al., 2021; Pari Condori et al., 2020).
The four primary steps of the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines—identification, screening, eligibility, and inclusion—were adhered to in the article selection procedure for this study.
1. Identification of the Study (n = 119)
The first step was a methodical search across a number of data sources, including gray literature (e.g., research papers, dissertations, or conference proceedings) and electronic databases (e.g., Publish or Perish). 119 papers encompassing a broad range of studies pertinent to the subject under analysis were found in the first search.
2. Screening (with 30 people)
Using inclusion and exclusion criteria, screening was done on the 119 papers that were discovered. Articles that were low-quality, redundant, or irrelevant were removed at this stage. Thirty articles that satisfied the fundamental requirements for additional examination were left over after the screening procedure.
3. Evaluation of Eligibility (n = 24)
After passing screening, articles are subjected to a comprehensive evaluation with stricter eligibility requirements. Researchers look at each study's published outcomes, sample size, and methodology. Only 24 of the 30 articles that were examined fit the requirements for a thorough evaluation.
4. Adding (n = 15)
Only genuinely pertinent and excellent research are included in the systematic review or meta-analysis following thorough evaluation. For instance, the last 100 studies are chosen for the final analysis based on their appropriate technique and fit with the study issue.
Records issued based on full-text screening (n = 9)
Full-text articles assessed for eligibility (n = 24)
Eligibility
Inclueded
Number of articles included in the meta-analysis (n = 15)
Number of articles based on scientific database searches (Publish or Perish) (n =119)
Notes issued based on Screening title and abstract (n = 89)
· Inappropriate research design (n = 64)
· Inappropriate publication type (n = 25)
Number of records filtered (n = 30)
Identification
Screening
Duplicate study deletion (n = 6)


Figure 1. Search Results Using PRISMA

The findings from Vosviewer also demonstrate that there is still room for study linking geometry with the GeoGebra program, in addition to PRISMA (Figure 2). It is evident from the Vosviewer Network presentation that not much research has been done on creating and tying geometry together using the GeoGebra application.
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Figure 2. Vosviewer Results in the Form of a Network

Because it offers dynamic visuals that help students intuitively understand the links between geometric objects and their properties, GeoGebra has demonstrated a high level of effectiveness in facilitating learning about geometric transformations (Birgin & Topuz, 2021; Dahal et al., 2022). GeoGebra assists students in connecting abstract mathematical ideas with tangible visual representations by enabling them to directly manipulate geometric objects. Additionally, GeoGebra supports a number of cutting-edge teaching strategies that allow for a more thorough and contextualized investigation of mathematical topics, including flipped learning, project-based learning, and problem-based learning (Kholid et al., 2022; Ishartono et al., 2022). According to Birgin and Uzun Yazıcı (2021), GeoGebra has been shown to improve students' academic performance and memory retention in collaborative learning.
In order to improve the educational process, a number of research have also looked into integrating GeoGebra with other technologies, like Augmented Reality (AR). According to research by Kounlaxay et al. (2021), using GeoGebra and AR together improved student engagement and aided in their understanding of increasingly difficult ideas through three-dimensional interactions. Additionally, GeoGebra had a big influence on how well kids were able to learn on their own. According to a research by Ishartono et al. (2022), a flipped learning strategy based on GeoGebra assisted pupils in managing their education more independently, particularly during the COVID-19 epidemic. In addition to promoting self-regulation, GeoGebra helped students learn in an engaging and dynamic setting, which decreased their arithmetic anxiety and boosted their confidence (Zetriuslita et al., 2020).
There are still a number of research gaps that need to be filled, though. Despite the enormous potential to enhance students' educational experiences, the majority of research has not examined the possibility of incorporating GeoGebra into regional cultural contexts (Birgin & Topuz, 2021; Kholid et al., 2022). Additionally, certain locations have experienced difficulties implementing GeoGebra due to technical obstacles such inadequate teacher preparation and inadequate technology infrastructure (Dahal et al., 2022). In order to make the most out of GeoGebra, students who struggle with spatial vision also need extra assistance. Therefore, in order to fully realize GeoGebra's potential in promoting mathematics learning, more research is required to create more inclusive and contextual learning strategies.

Discussion
According to the findings of this SLR, GeoGebra's application in mathematics education has drawn a lot of interest in the last ten years, mostly because of its capacity to facilitate dynamic visualization and creative teaching strategies. Research, primarily using quasi-experimental methods, consistently shows that GeoGebra improves pupils' academic performance and conceptual understanding. This implies that, especially when it comes to the subject of geometric transformations, GeoGebra can assist students in bridging the gap between mathematical abstraction and tangible visual experiences. This efficacy is consistent with research by Birgin & Topuz (2021) and Dahal et al. (2022), which emphasizes how GeoGebra can help with the investigation of ideas like translation, rotation, reflection, and dilation by manipulating geometric objects directly.
One of GeoGebra's main advantages is its support for a variety of cutting-edge teaching strategies, including project-based, problem-based, and flipped learning. With these methods, students can investigate mathematical ideas in a more relevant and contextualized manner. For instance, students can tackle real-world challenges and hone their critical thinking abilities through project-based learning using GeoGebra (Kholid et al., 2022). Particularly during the COVID-19 epidemic, GeoGebra has been demonstrated to assist students in developing self-regulation in a more autonomous and structured way through flipped learning (Ishartono et al., 2022). This demonstrates how easily GeoGebra may be incorporated into different teaching strategies.
GeoGebra improves students' attitudes toward mathematics in addition to fostering intellectual comprehension. Two commonly mentioned important factors include lowering learning anxiety and boosting students' self-confidence. According to a study by Zetriuslita et al. (2020), students can have a more interesting and fulfilling educational experience thanks to GeoGebra's interactive and captivating learning environment. This is significant since arithmetic fear frequently poses a significant obstacle to mastering the subject.
The range of teaching and learning is increased when GeoGebra is integrated with other technologies, such Augmented Reality (AR). For instance, Kounlaxay et al.'s research from 2021 showed how integrating AR with GeoGebra improved student engagement and helped them comprehend more difficult geometric ideas. Although there is still a dearth of research on this technology integration, these findings present important avenues for future investigation. For added context, GeoGebra can also offer geometric representations of traditional dance shapes and movements.
Students' comprehension of mathematical ideas can be improved in a novel and efficient way by incorporating dance into mathematics instruction. This multidisciplinary approach makes abstract mathematical concepts more concrete and approachable by using the rhythmic and physical aspects of dance. Teachers may create a more dynamic and welcoming classroom that accommodates a range of learning preferences and cultural backgrounds by introducing dance. Through embodied learning, dance exercises can help students comprehend abstract mathematical ideas. The Coreo-Graph project, for instance, employs dance to investigate Eulerian pathways in graph theory, assisting students in comprehending difficult concepts through problem-solving exercises and physical movement (Calogera & Penati, 2024). With an emphasis on rhythm and sequence—two essential components of mathematical thinking—dance and body expression are utilized in early childhood education to foster the sense of time (García & Díez, 2022). It has been demonstrated that using dance as one of the many learning modalities improves learning results. Combining a variety of teaching tools has been demonstrated to enhance students' mathematical literacy and general academic achievement (Arofah et al., 2023; Sielfiana et al., 2023). The STEAM (Science, Technology, Engineering, Arts, Mathematics) approach, which stresses the incorporation of the arts into STEM education to promote creativity and critical thinking, is in line with the use of dance in education (Campollo-Urkiza & Andreu, 2023).
A rich multimodal learning experience can be created by incorporating traditional games and dances, like the Kethek Ogleng dance, into mathematics instruction to examine ideas like shapes, angles, and time (Asriyanto et al., 2022). Mathematical ideas like rhythm and geometry can be taught through dance. An investigation of the Kretek dance, for instance, showed that it incorporates mathematical features like geometric angles and counting rhythms, which might aid children in comprehending mathematical ideas in a fun and useful way (Suryani & Zuliana, 2023). Although there are numerous advantages to incorporating dance into math classes, it is vital to take any drawbacks into account. These could include the requirement that math and dance teachers receive training, as well as the creation of suitable curriculum that successfully combine these subjects. Additionally, even though cultural relevance can boost engagement, it is imperative to make sure that cultural features are appropriately and respectfully included. All things considered, an interdisciplinary approach that blends dance and mathematics has the potential to produce a more successful and inclusive learning environment.
Nonetheless, there are a number of obstacles and deficiencies that must be filled. The potential of employing GeoGebra in regional cultural contexts has not been examined in the majority of studies. Students' learning can be enhanced and given greater significance when GeoGebra is integrated with particular cultural components, including traditional geometric patterns. To guarantee successful GeoGebra deployment, technical issues including inadequate teacher preparation and inadequate technology infrastructure in some areas must also be resolved. In order to make the most of GeoGebra, students with low spatial visualization skills need extra tactics, which highlights the need for more inclusive learning designs.
All things considered, GeoGebra has a lot of promise to promote more creative, engaging, and significant math education. How GeoGebra can be incorporated into culturally context-based learning and how learning designs can be modified to overcome current implementation obstacles require more investigation. GeoGebra may become a more relevant and inclusive tool to suit students' varied requirements in a variety of educational environments by filling in these areas.
CONCLUSION 
It has been shown that using GeoGebra to teach mathematics, especially geometric transformations, significantly improves pupils' comprehension of abstract ideas. Students can more easily connect mathematical ideas with tangible visual experiences thanks to GeoGebra's dynamic representations. Improvements in conceptual understanding, academic accomplishment, and student motivation for learning mathematics are consistently reported by the studies examined in this review. Additionally, GeoGebra offers a more relevant and contextual learning experience by supporting a number of cutting-edge methodologies like project-based learning, problem-based learning, and flipped learning.
Additionally, it has been demonstrated that GeoGebra fosters an engaging and participatory learning environment, which lowers arithmetic fear and boosts confidence in pupils. The potential of GeoGebra to create more immersive and captivating learning experiences is increased by its ability to interface with other technologies, such as augmented reality. However, there are still a number of issues with GeoGebra's implementation, including gaps in its use for kids with poor spatial visualization abilities, a lack of teacher training, and a lack of technological infrastructure.
Additionally, nothing is known about how GeoGebra might be incorporated into regional cultural contexts. Future studies could concentrate on creating learning designs that are more inclusive and culturally sensitive in order to optimize GeoGebra's ability to meet the demands of a wide range of students. Therefore, GeoGebra has a lot of potential to develop into a learning tool that promotes engagement, motivation, and relevance in mathematics learning across a range of educational situations in addition to supporting academic accomplishment.
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