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ABSTRACT

Mathematics learning often poses significant challenges, particularly in sustaining student engagement and 
promoting deep conceptual understanding. To address these issues, this study explored the integration of 
interactive digital tools, specifically GeoGebra, into mathematics instruction. The primary objective was 
to evaluate the effectiveness of GeoGebra-based learning in enhancing students’ cognitive and affective 
engagement, focusing on the visualization of trigonometric function graphs. A quasi-experimental approach 
was employed, using a single-group pre-test and post-test design involving 20 students from SMA Negeri 1 
Telukdalam. Data were gathered through classroom observations and structured questionnaires, assessing 
students’ cognitive, affective, and conative responses, as well as indicators of emotional engagement and 
curiosity. The results revealed that the use of GeoGebra significantly improved student enthusiasm and 
involvement, with an average effectiveness rate of 82 %, categorized as “very effective.” The visually 
engaging and interactive features of GeoGebra contributed to increased comprehension and motivation 
among students. These findings align with constructivist learning theory and reinforce previous research 
highlighting the positive role of technology in enhancing mathematics education. 
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RESUMEN

El aprendizaje de las matemáticas a menudo presenta desafíos significativos, especialmente en lo que 
respecta a mantener la participación de los estudiantes y promover una comprensión conceptual profunda. 
Para abordar estos problemas, este estudio exploró la integración de herramientas digitales interactivas, 
específicamente GeoGebra, en la enseñanza de las matemáticas. El objetivo principal fue evaluar la eficacia 
del aprendizaje basado en GeoGebra para mejorar la participación cognitiva y afectiva de los estudiantes, 
centrándose en la visualización de las gráficas de funciones trigonométricas. Se empleó un enfoque cuasi-
experimental con un diseño de pretest y postest en un solo grupo, que involucró a 20 estudiantes del 
SMA Negeri 1 Telukdalam. Los datos se recopilaron mediante observaciones en el aula y cuestionarios 
estructurados, evaluando las respuestas cognitivas, afectivas y conativas de los estudiantes, así como 
indicadores de compromiso emocional y curiosidad. Los resultados revelaron que el uso de GeoGebra mejoró 
significativamente el entusiasmo y la participación de los estudiantes, con una tasa de efectividad promedio
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del 82 %, clasificada como “muy efectiva”. Las características visuales e interactivas de GeoGebra contribuyeron 
a una mayor comprensión y motivación entre los estudiantes. Estos hallazgos están en consonancia con la 
teoría del aprendizaje constructivista y refuerzan investigaciones previas que destacan el papel positivo de 
la tecnología en la mejora de la educación matemática. 

Palabras Clave: GeoGebra; Aprendizaje de las Matemáticas; Respuesta de los Estudiantes; Interés por el 
Aprendizaje.

INTRODUCTION
Mathematics instructional media play a crucial role in enhancing the teaching and learning process, 

particularly in secondary education where learners often find abstract concepts challenging to comprehend. The 
effectiveness of such media is underscored by their ability to facilitate the manipulation of concrete objects, 
such as dynamic sliders to change coefficients in linear equations, interactive geometric constructions to explore 
angle relationships, or draggable points on a coordinate plane to observe transformations. These features allow 
students to visualize abstract mathematical concepts in a tangible way, encouraging experimentation, hypothesis 
testing, and deeper understanding.(1,2,3) According to Jitendra(4,5), using tangible resources in classrooms can 
transform abstract concepts into observable phenomena, enhancing students’ understanding. This assertion 
aligns with recent findings that emphasize visual and interactive media in stimulating engagement and interest 
among students.(1,6,7)

In addressing the challenge of student engagement, it is imperative that educators employ specialized 
teaching tools capable of capturing and sustaining attention. Research by Iwani(8) highlights that innovative 
instructional materials can significantly boost student interest, a sentiment echoed by (1,9,10), who argue that the 
right tools can invigorate the learning environment. Research consistently shows that learners who find classes 
engaging are more likely to demonstrate positive responses to instructional activities.(11,12) Thus, teachers must 
be mindful of their pedagogical choices, ensuring that they incorporate strategies that maintain enthusiasm 
and foster a love for mathematics.

At SMA Negeri 1 Telukdalam, the observed decline in student interest and performance in mathematics can 
be attributed to various factors. Primary among these is students’ difficulty in accurately interpreting graphical 
representations, compounded by a general lack of intrinsic motivation or enthusiasm toward the subject.(10,13) 
The lack of ICT-based instructional media exacerbates this situation, as students are increasingly exposed to 
technology-rich environments outside the classroom.(14,15) Moreover, contemporary curriculum requirements 
mandate precise graphing and modeling skills, further highlighting the necessity for technological integration 
in teaching practices.(16,17)

Addressing these issues calls for innovative solutions, particularly the implementation of computer-based 
learning media as effective instructional resources. Zulkardi(17) draws attention to the proclivity of today’s youth 
for visually stimulating content, frequently encountered through digital platforms such as social media, which 
suggests that similar educational tools may enhance students’ receptiveness to learning. The incorporation of 
multimedia elements, including animations and interactive platforms, could transform students’ experiences 
in mathematics, making them more relatable and engaging.(18,19)

Moreover, enhancing the classroom environment involves adopting diverse teaching methodologies that 
resonate with students’ individual learning preferences. As demonstrated by Anupan(20), tailoring instruction to 
meet diverse learner needs can significantly influence student interest and participation. The integration of 
varied pedagogical approaches, such as collaborative learning and technology-aided instruction, fosters a more 
dynamic classroom climate conducive to learning.(8,19)

The interrelationship between instructional media and student performance is well-supported in the 
literature, illustrating how effective teaching practices not only improve student understanding but also their 
overall academic success. Implementation of innovative methodologies results in more favorable student 
evaluations, which in turn reflect positively on teaching effectiveness.(12) Teachers must ensure that their 
instructional approaches are adaptable, catering to various learning styles while maintaining high engagement 
levels.(2,10)

There exists a compelling need for educators at SMA Negeri 1 Telukdalam to reassess their pedagogical 
strategies concerning mathematics instruction. By embracing modern instructional media and varied teaching 
methodologies, educators can address student disinterest and improve academic performance. Effective 
integration of technology, combined with a focus on creating an engaging learning environment, will likely 
yield improved student outcomes, thereby fulfilling educational objectives in mathematics.(2,11)

GeoGebra presents a robust solution to the challenges faced in mathematics education, particularly in 
comprehending geometry and algebra. This dynamic mathematics application is tailored to enhance classroom 
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instruction by allowing students to actively engage with mathematical concepts through technology.(21,22,23) 
Utilizing GeoGebra as both a teaching and learning tool provides students with the necessary resources to 
comprehend complex concepts and tackle mathematical problems more effectively.(23,24,25) The interactive 
features of GeoGebra foster an environment conducive to exploration and experimentation, which are critical 
elements in the learning of mathematics.

In evaluating the effectiveness of GeoGebra, three response dimensions are employed: cognitive, affective, 
and conative responses.(26) This multi-faceted approach allows researchers to gauge not only how well students 
understand mathematical concepts but also how they feel about and engage with the learning process. These 
responses highlight the importance of measuring student engagement through metrics like enjoyment, curiosity, 
acceptance, and active participation.(27) Employing these indicators elucidates the comprehensive impact of 
GeoGebra on students’ learning experiences in mathematics.

The effectiveness of GeoGebra is further operationalized through students’ participation in workshops 
alongside evaluations of their responses and levels of interest.(28,29) Significant research findings suggest that 
students using GeoGebra demonstrate an increase in their interest in mathematics and their problem-solving 
abilities.(21) The interactive and visual nature of the software appears to enhance students’ understanding, 
making abstract concepts more tangible and accessible.(20,23)

A systematic review of GeoGebra’s application in educational settings illustrates its positive impact on 
student learning outcomes. Studies confirm that GeoGebra encourages active problem-solving and facilitates 
interactive exploration, which leads to a deeper understanding of mathematical relationships.(4,19) Researchers 
emphasize that the software not only aids in visualization but also fosters essential skills such as conceptual 
understanding and mathematical reasoning.(23,25,26)

Moreover, the advantages of GeoGebra extend beyond simply enhancing mathematical skills; the software 
has been shown to promote positive attitudes toward learning mathematics. According to studies, utilizing 
GeoGebra can develop a more favorable self-efficacy in students, which is critical for sustaining long-term 
engagement and interest in mathematics.(20,26) This is particularly important in addressing varying levels of 
motivation and interest among diverse student populations.

The integration of comprehensive approaches such as GeoGebra in mathematics education aligns with 
contemporary pedagogical strategies that emphasize student-centered learning.(27,28,29) By incorporating 
technology into traditional teaching methods, educators can create a dynamic learning environment that 
effectively addresses the diverse needs and interests of their students. Thus, the potential of GeoGebra 
effective by educators and researchers, as it provides teachers and students with innovative tools for teaching 
and learning.(22,25)

The application of GeoGebra in mathematics education shows considerable promise in enhancing student 
engagement, comprehension, and problem-solving skills. The evidence suggests that not only does GeoGebra 
facilitate a better understanding of mathematical concepts, but it also cultivates a positive learning environment 
that encourages curiosity and active participation.(30,31,32) Continued research and integration of GeoGebra 
into mathematics instruction will likely lead to improved educational outcomes, making math learning more 
accessible and enjoyable for students across various educational settings.(33,34)

The primary objective of this study is to evaluate the effectiveness of GeoGebra-based learning in enhancing 
students’ cognitive and affective participation in mathematics. This research aims to assess how the interactive, 
visual nature of GeoGebra can improve students’ understanding of mathematical concepts, specifically in areas 
like geometry and algebra. Additionally, the study seeks to examine the impact of GeoGebra on students’ 
engagement, motivation, and emotional responses to learning mathematics, including factors like enjoyment, 
curiosity, and confidence in problem-solving. By measuring both cognitive and affective participation, the study 
will provide a comprehensive analysis of how GeoGebra contributes to fostering a positive learning environment 
that enhances students’ overall learning experience in mathematics.

METHOD
The research was carried out at SMA Negeri 1 Telukdalam, involving 20 students from class XI Kalabubu as the 

study participants. This study employed a non-experimental, quantitative descriptive design using frequency 
and percentage analysis to assess students’ cognitive and affective responses when utilizing the GeoGebra 
application in mathematics learning. Data collection techniques included both observation and the distribution 
of questionnaires. To complement the self-report questionnaires, pre- and post-tests were administered to 
assess students’ actual cognitive performance. This dual approach allows for more reliable conclusions about 
learning outcomes by combining subjective perceptions with objective evidence of knowledge gains.

Prior to administering the questionnaires, a data quality assessment was conducted by evaluating the 
validity and reliability of the instruments. Content validity was established through expert judgment, while 
reliability was tested using Cronbach’s alpha coefficient in SPSS (version 12.0), confirming acceptable internal 
consistency (α > 0,05). The internal consistency reliability of the instruments used in this study was assessed 
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using Cronbach’s alpha. The student response questionnaire demonstrated a Cronbach’s α value of 0,86, while 
the student interest questionnaire yielded a value of 0,89. These results indicate high internal consistency for 
both instruments, suggesting that the questionnaire items reliably measure students’ responses and interest. 
The high reliability values strengthen the validity of the data collected through self-report measures, ensuring 
consistency across items within each scale. The use of a 4-point Likert scale in this study was a deliberate choice 
to eliminate the neutral midpoint and reduce central tendency bias, which often occurs when respondents 
choose the middle option to avoid making a clear judgment. By using a forced-choice format, participants are 
encouraged to express a more decisive opinion, leading to more accurate and meaningful data. This approach 
is supported by prior research, which shows that removing the midpoint enhances the discriminative power of 
the instrument and promotes deeper cognitive engagement with survey items.(35,36) The questionnaire uses a 
four-point scale as described in table 1 below.

Table 1. Student Learning Interest Scale in Mathematics Using GeoGebra

Score Category Description

4 Strongly Agree (SA) The student shows strong enthusiasm, clear 
understanding, and enjoys using GeoGebra.

3 Agree (A) The student gives a positive response and feels 
helped in understanding mathematical concepts.

2 Disagree (D) The student feels less comfortable or not 
interested in using GeoGebra.

1 Strongly Disagree (SD) The student rejects or feels disturbed by the use 
of GeoGebra in learning.

Source: Arikunto(37)

Table 1 presents the Student Learning Interest Scale in Mathematics using GeoGebra, comprising four 
response categories: Strongly Agree (SA), Agree (A), Disagree (D), and Strongly Disagree (SD), scored from 4 to 
1. The scale assesses students’ affective responses, ranging from strong enthusiasm and clear understanding 
to discomfort or rejection of GeoGebra in learning. This instrument serves to measure students’ emotional 
engagement and perceived effectiveness of GeoGebra in supporting mathematical understanding. Next is 
determining the percentage of students’ responses and learning interest based on the questionnaire results, 
which is calculated using the following formula.

The formula shown calculates the percentage score for each indicator by dividing a student’s actual score 
on a specific indicator by the maximum possible score for that indicator, then multiplying by 100 %. This 
method provides a standardized value that reflects how well a student performed on each learning indicator, 
making it easier to interpret and compare levels of achievement across individuals or groups. The resulting 
percentage can then be converted into assessment scale criteria. According to Arikunto(37), the percentage data 
is categorized using the following classification.

Table 2. Assessment Scale Criteria

Percentage Range Category Interpretation

81 – 100 Very Good The response or interest is very high

61 – 80 Good The response or interest is high

41 – 60 Fair The response or interest is moderate

21 – 40 Poor The response or interest is low

0 – 20 Very Poor The response or interest is very low

Source: Arikunto(37)

Table 2 presents the assessment scale criteria used to interpret student response percentages. The scores 
are categorized into five levels—Very Good, Good, Fair, Poor, and Very Poor—based on percentage ranges. 
This classification facilitates a clearer understanding of students’ interest or response levels, allowing for a 
standardized interpretation of the data gathered from learning assessments.
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RESULTS
Data Analysis and Findings

Data collection was carried out through a combination of classroom observation and structured questionnaires 
aimed at evaluating two primary aspects: students’ responses to the implementation of GeoGebra and their 
intrinsic interest in mathematics learning when supported by the application. This dual approach provided a 
comprehensive view of both behavioral engagement and cognitive-affective reactions to the learning process. 
Classroom observations allowed researchers to capture real-time student interaction, participation, and 
engagement with the digital tool, while the questionnaires offered structured insights into learners’ subjective 
experiences and perceptions.

To ensure the reliability and validity of the measurement process, two specific instruments were utilized. 
The first instrument focused on measuring students’ cognitive, affective, and conative responses toward the 
use of GeoGebra in mathematics instruction. This included students’ understanding of concepts (cognitive), 
their attitudes and feelings (affective), and their willingness to engage and persevere in problem-solving tasks 
(conative). The second instrument was developed to assess students’ interest in learning mathematics, with 
emphasis on indicators such as emotional involvement, sustained attention, curiosity, and participation during 
the learning activities. Each item in both instruments was scored using a Likert-type scale, and the results were 
converted into percentages to facilitate interpretation and comparison.

The implementation process began with an introductory session designed to familiarize students with the 
GeoGebra interface and its core functionalities. During this phase, students were guided through a structured 
orientation that included: (1) a detailed explanation of the menus and features available in the application, and 
(2) a demonstration of key operations, particularly those relevant to the day’s topic—graphing trigonometric 
functions. These introductory activities served as the foundation for the subsequent instructional sessions and 
were aimed at ensuring students could independently navigate and utilize GeoGebra as a learning tool. These 
activities are illustrated in the following figures.

Figure 1. Menus in the GeoGebra Application and Their Functions

Figure 1 illustrates the interface of the GeoGebra application, highlighting the primary menu tools and 
their respective functions. The figure displays various mathematical objects, including points, lines, and a 
circle, constructed using the input and toolbar features provided by GeoGebra. This visual representation 
serves to demonstrate how students can utilize the application to manipulate and visualize geometric 
elements dynamically. Through such interactive features, GeoGebra facilitates the development of conceptual 
understanding by allowing real-time exploration and modification of mathematical constructs.

Figure 2 presents the graphical representation of a trigonometric function, generated using the GeoGebra 
application. The graph clearly illustrates the periodic nature of the cosine function, displaying its amplitude, 
frequency, and phase shift across the x-axis. This visual aid enables students to observe the characteristics 
and behavior of trigonometric functions dynamically, thereby supporting a deeper understanding of abstract 
mathematical concepts through direct interaction and real-time visualization. After completing the instructional 
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session, the researcher distributed questionnaires to the students. The collected data were then calculated and 
analyzed, resulting in percentage scores, which are presented in table 3.

Figure 2. Graph of a Trigonometric Function

Table 3. Percentage of Student Responses in Using the 
GeoGebra Application

No. Indicator Percentage (%) Category

1 Cognitive 86 Very Effective

2 Affective 84 Very Effective

3 Conative 77 Effective

Average 82 Very Effective

The effectiveness of using the GeoGebra application can be seen from the student responses presented 
in table 3 above. The average result was 82 %, which falls under the “Very Effective” category. This high 
average indicates that the integration of GeoGebra in mathematics instruction is not only well-received but 
also enhances students’ engagement and learning experiences. Specifically, the cognitive indicator received 
the highest score at 86 %, demonstrating that students experienced improved understanding and clarity when 
interacting with mathematical content through GeoGebra. Similarly, the affective response, which measures 
emotional engagement such as enjoyment and interest, also showed a high percentage of 84 %, further affirming 
the application’s impact on students’ positive attitudes toward learning mathematics.

Figure 3. Bar Chart of Student Response Percentages
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Meanwhile, the conative response, referring to students’ behavioral intentions and participation levels, was 
slightly lower at 77 % but still categorized as “Effective.” This suggests that while most students were cognitively 
and emotionally engaged, there is still room to further encourage active involvement and participation during 
the learning process. Overall, the data supports the conclusion that GeoGebra serves as a highly effective 
instructional tool, particularly in fostering cognitive understanding and affective interest, which are critical 
components for successful mathematics learning.

Figure 4. Line Chart of a Trigonometric Function

The next analysis focuses on the percentage of students learning interest in using GeoGebra, as shown in 
table 4 below.

Table 4. Student Learning Interest Percentage

No. Indicator Percentage (%) Category

1 Enjoyment 84 Very Effective

2 Attention 77 Effective

3 Curiosity/Interest 77,5 Effective

4 Student Engagement 82,5 Very Effective

Average 80 Effective

Figure 5. Bar Chart of Student Learning Interest Percentage
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Figure 6. Line Chart of Student Learning Interest Percentage

Table 4 presents the percentage distribution of student learning interest across four indicators: enjoyment, 
attention, curiosity/interest, and student engagement. The results indicate that students demonstrated 
high levels of enjoyment and engagement when learning mathematics using the GeoGebra application, with 
respective percentages of 84 % and 82,5 %, both categorized as “Very Effective.” These results suggest that 
the integration of GeoGebra significantly enhances students’ emotional connection and active participation in 
learning activities, which are critical elements in fostering meaningful and sustained interest in mathematics 
education.

On the other hand, the attention and curiosity/interest indicators received slightly lower percentages—77 
% and 77,5 % respectively—both categorized as “Effective.” These figures still reflect a generally positive 
response, implying that the use of GeoGebra effectively captures students’ focus and stimulates their intrinsic 
motivation to explore mathematical concepts. The average percentage across all indicators was 80 %, placing 
the overall learning interest in the “Effective” category. This suggests that while GeoGebra is a valuable tool 
for increasing student interest, further refinement in instructional strategies may help maximize its potential 
to maintain student attention and curiosity consistently throughout the learning process.

DISCUSSION
This study aimed to examine the effectiveness of GeoGebra-based learning on students’ cognitive and 

affective participation in mathematics. The findings demonstrate that the integration of GeoGebra significantly 
enhanced students’ engagement and understanding of mathematical concepts, particularly in graphing 
trigonometric functions. These outcomes are consistent with the objectives of the research and align with the 
growing emphasis on digital learning tools in secondary mathematics education.

When compared to prior studies, the results corroborate the work of Hidayat(22), who emphasized GeoGebra’s 
role in improving student comprehension through interactive visualization. Similar to the present study, they 
found that the software’s dynamic features fostered a more intuitive grasp of abstract mathematical content. 
This supports the argument that digital media, especially those incorporating visual and interactive elements, 
contribute meaningfully to student participation and motivation.(38,39)

From a cognitive perspective, the improvement in students’ ability to construct and interpret trigonometric 
graphs reflects an increased depth of understanding facilitated by the GeoGebra platform. This aligns with 
findings Arbain et al.(40,41), who assert that GeoGebra enhances mathematical reasoning by enabling students 
to explore mathematical properties through manipulation and experimentation. The immediate feedback 
provided by the software likely played a pivotal role in reinforcing learning and correcting misconceptions.(42,43) 
Research has shown that immediate feedback significantly enhances learning outcomes by helping students 
quickly identify and correct errors, thereby promoting deeper conceptual understanding and retention.(44,45)

In terms of affective response, the study recorded high levels of student interest and emotional engagement, 
echoing previous research by Imani Muslim et al.(5,21), which found that technology-mediated instruction 
positively influences students’ attitudes toward mathematics. The present results suggest that GeoGebra 
not only increases enjoyment and curiosity but also fosters a more confident and positive disposition toward 
learning mathematics.

Despite the strengths of these findings, several limitations must be acknowledged. First, the study was 
conducted in a single educational institution with a relatively small sample size (n=20), which may limit 
statistical generalizability and external validity. Second, the focus was restricted to one specific mathematical 
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topic—trigonometric functions—thereby not accounting for the potential variability of effectiveness across 
different mathematical domains.

Moreover, the data collection relied predominantly on self-reported measures through questionnaires 
and observation, which may introduce subjectivity and response bias. Although triangulated with classroom 
observations, future studies should consider integrating more objective assessment tools, such as performance 
analytics or longitudinal achievement data, to enhance validity.

Nonetheless, the findings contribute important insights into the evolving landscape of mathematics education 
and the potential of technology-enhanced learning. By connecting theoretical frameworks with practical 
application, this study offers a replicable instructional model that can be adapted across various educational 
contexts. The use of GeoGebra supports a shift toward student-centered learning, which is vital for developing 
21st-century skills such as critical thinking and technological literacy.

Overall, this study contributes valuable insight to both theory and practice. Theoretically, it reinforces the 
value of technology-enhanced learning aligned with constructivist principles. Practically, it offers a compelling 
case for incorporating GeoGebra into mathematics curricula to support interactive, student-centered learning 
environments. Future research should involve a larger and more diverse sample, include long-term observations, 
and investigate the impact of GeoGebra across different topics and educational levels. Mixed-method approaches 
that combine quantitative data with qualitative insights, such as interviews or focus groups, could provide a 
more comprehensive understanding of students’ experiences. Moreover, professional development for teachers 
on the effective use of GeoGebra could help maximize its instructional potential.

CONCLUSIONS
The integration of GeoGebra into mathematics instruction demonstrates strong pedagogical value, 

particularly in fostering student-centered learning environments. The application’s intuitive interface, 
dynamic visualizations, and interactive tools significantly enhanced students’ engagement, comprehension, 
and interest, particularly in learning trigonometric functions. Rather than merely serving as a supplementary 
resource, GeoGebra functioned as a central instructional medium that encouraged exploration and conceptual 
understanding. This aligns with the goals of modern mathematics education, which emphasize digital literacy, 
personalized learning, and the development of higher-order thinking skills. Therefore, educators and researchers 
are encouraged to leverage GeoGebra not only to enrich mathematical instruction but also to bridge the gap 
between abstract content and meaningful student experiences across various mathematical domains.

BIBLIOGRAPHIC REFERENCES
1. Harun F, Suparman S, Hairun Y, et al. Improving Students’ Mathematical Communication Skills Through 

Interactive Online Learning Media Design. 2021; 2: 17–23.  

2. Meria UG, Edwin M, Indang D, Amran MR. A ten-year bibliometric study on augmented reality in 
mathematical education. Eur J Educ Res. 2025;14(3):723–41.  

3. Zagoto MM. Peningkatan Hasil Belajar Mahasiswa Melalui Implementasi Model Pembelajaran Kooperatif 
Word Square. Educativo: Jurnal Pendidikan. 2022;1(1):1-7.  

4. Vina T, Amelia W. Increasing Mathematics Learning Outcomes Through Comic Media Multiliteration. 
Educativo: Jurnal Pendidikan. 2023;2(1):133-143.  

5. Jitendra AK, Nelson G, Pulles SM, et al. Is Mathematical Representation of Problems an Evidence-Based 
Strategy for Students With Mathematics Difficulties? Except Child. 2016;83:8–25.  

6. Pardimin P, Arcana N, Supriadi D. Developing Media Based on the Information and Communications 
Technology to Improve the Effectiveness of the Direct Instruction Method in Mathematics Learning. Journal for 
the Education of Gifted Young Scientists. 2019;7:1311–23.  

7. Putri WF, Musdi E. Development of guided discovery-based mathematics learning tools to enhance 
problem-solving skills in high school students. Al-Jabar J Math Educ. 2024;15(2):401–12.  

8. Maria MZ, I Made A, Edwin M, Firman E, Oscar D, Unung VW. Hypothetical learning trajectory berbasis 
Realistics Mathematics Education. Edumaspul J Pendidik. 2022;6(2):3098–104.  

9. Iwani Muslim NE, Zakaria MI, Yin Fang C. A Systematic Review of GeoGebra in Mathematics Education. 
International Journal of Academic Research in Progressive Education and Development. 2023;12. DOI: 10.6007/
ijarped/v12-i3/19133.  

 9    Zagoto MM, et al

https://doi.org/10.56294/saludcyt20252001 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252001


https://doi.org/10.56294/saludcyt20252001

10. Purnomo YW. A scale for measuring teachers’ mathematics-related beliefs: A validity and reliability 
study. International Journal of Instruction. 2017;10:2–38.  

11. Alim JA, Fauzan A, Arwana IM, Musdi E. Model of geometry realistic learning development with 
interactive multimedia assistance in elementary school. J Phys Conf Ser. 2020;1471:012053. DOI: 10.1088/1742-
6596/1471/1/012053.  

12. Musdi E. Effectiveness of mathematics learning devices based on flipped classroom to improve 
mathematical critical thinking ability students. Int J Educ Manag Eng. 2022;12(3):41–6.  

13. Wahyuni LM. The Effect of Concept Attainment Model on Mathematical Critical Thinking Ability. 2021.  

14. Zubaidah Amir MZ, Urrohmah A, Andriani L. The effect of application of realistic mathematics education 
(RME) approach to mathematical reasoning ability based on mathematics self efficacy of junior high school 
students in Pekanbaru. J Phys Conf Ser. 2021;1776:012039. DOI: 10.1088/1742-6596/1776/1/012039.  

15. De Lange J. Using and Applying Mathematics in Education. In: Bishop AJ, Clements K, Keitel C, et al., editors. 
International Handbook of Mathematics Education: Part 1. Dordrecht: Springer Netherlands; 1996. p. 49–97.  

16. Widana IW, Sopandi AT, Suwardika G. Development of an Authentic Assessment Model in Mathematics 
Learning: A Science, Technology, Engineering, and Mathematics (STEM) Approach. Indonesian Research Journal 
in Education. 2021;5:192–209.  

17. Zulkardi. Developing a learning environment on realistic mathematics education for Indonesian student 
teachers [Doctoral Dissertation]. Enschede: University of Twente; 2002.  

18. Ningsih Y, Lufri L, Arnawa IM, et al. Problem, realistic, technology in mathematics (protectim) learning 
model founded on blended learning. Data and Metadata. 2025;3. DOI: 10.56294/dm2024.641.  

19. Cole JE, Wasburn-Moses LH. Going beyond “The Math Wars”: A Special Educator’s Guide to Understanding 
and Assisting with Inquiry-Based Teaching in Mathematics. Teach Except Child. 2010;42:14–20.  

20. Anupan A, Chimmalee B. A concept attainment model using cloud-based mobile learning to enhance 
the mathematical conceptual knowledge of undergraduate students. International Journal of Information and 
Education Technology. 2022;12:171–8.  

21. Romero I, García M del M. Mathematical Attitudes Transformation When Introducing GeoGebra in the 
Secondary Classroom. Educ Inf Technol. 2023;29:10277–302.  

22. Hidayat R, Noor WNWM, Nasir N, et al. The Role of GeoGebra Software in Conceptual Understanding and 
Engagement Among Secondary School Student. Infinity Journal. 2024;13:317–32.  

23. Arbain N, Shukor NA. The Effects of GeoGebra on Students Achievement. Procedia Soc Behav Sci. 
2015;172:208–14.  

24. Kim KM, Md-Ali R. GeoGebra: Towards Realizing 21st Century Learning in Mathematics Education. 
Malaysian Journal of Learning and Instruction: Special Issues. 2017:93–115.  

25. Tamam B, Dasari D. The use of Geogebra software in teaching mathematics. J Phys Conf Ser. 
2021;1882:012042. DOI: 10.1088/1742-6596/1882/1/012042.  

26. Uwurukundo MS, Maniraho JF, Tusiime M. GeoGebra integration and effectiveness in the teaching and 
learning of mathematics in secondary schools: A review of literature. African Journal of Educational Studies in 
Mathematics and Sciences. 2020;16:1–13.  

27. Zetriuslita, Nofriyandi, Istikomah E. The Increasing Self-Efficacy and Self-Regulated through GeoGebra 
Based Teaching reviewed from Initial Mathematical Ability (IMA) Level. International Journal of Instruction. 
2020;14:587–98.  

 Salud, Ciencia y Tecnología. 2025; 5:2001  10 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252001


28. Saha RA, Ayub AFM, Tarmizi RA. The effects of GeoGebra on mathematics achievement: Enlightening 
Coordinate Geometry learning. Procedia Soc Behav Sci. 2010;8:686–93.  

29. Imam Al Ayyubi I, Rohaendi N, Prayetno E, et al. Application of Geogebra in Mathematics Learning Using 
a Realistic Mathematics Education Model. 2025.  

30. Bedada TB, Machaba MF. Investigation of student’s perception learning calculus with GeoGebra and cycle 
model. Eurasia J Math Sci Technol Educ. 2022;18. DOI: 10.29333/ejmste/12443.  

31. Zulnaidi H, Oktavika E, Hidayat R. Effect of use of GeoGebra on achievement of high school mathematics 
students. Educ Inf Technol. 2020;25:51–72.  

32. Radović S, Radojičić M, Veljković K, et al. Examining the effects of Geogebra applets on mathematics 
learning using interactive mathematics textbook. Interact Learn Environ. 2020;28:32–49.  

33. Diković L. Applications geogebra into teaching some topics of mathematics at the college level. Comput 
Sci Inf Syst. 2009;6:191–203.  

34. Reis ZA. Computer supported mathematics with Geogebra. Procedia Soc Behav Sci. 2010;9:1449–55.  

35. Wassie YA, Zergaw GA. Some of the potential affordances, challenges and limitations of using GeoGebra 
in mathematics education. Eurasia J Math Sci Technol Educ. 2019;15. DOI: 10.29333/ejmste/108436.  

36. Nunnally JC, Bernstein IH. Psychometric theory. 3rd ed. New York: McGraw-Hill; 1994.  

37. Matos-Rodríguez A, Sargenton-Savon S, Mosqueda-Lobaina Y, Chibas-Muñoz EE. Characteristics of the 
Dementia Syndrome in Primary Health Care. Rehabilitation and Sports Medicine. 2023;3:45.

38. Sargenton-Savon S, Matos-Rodríguez A, Mosqueda-Lobaina Y, Chibas-Muñoz EE. Biopsychosocial factors 
influencing primary caregivers of patients diagnosed with dementia syndrome. Rehabilitation and Sports 
Medicine. 2023;3:47.

39. Arikunto S. Classroom action research. Jakarta: PT Bumi Aksara; 2008.  

40. Arbain N, Shukor NA. The Effects of GeoGebra on Students’ Achievement. Creative Education. 
2018;9(14):2125–36. DOI: 10.4236/ce.2018.914156.  

41. Quiroga A, Perugino M. Anatomical differences as a risk factor for anterior cruciate ligament rupture in 
female athletes: Systematic review. Rehabilitation and Sports Medicine. 2025;5:41.

42. Teixeira F, Frasquilho AR, Saraiva D, Frasquilho V, Rabiais I, Tomás J, et al. Rehabilitation Nursing 
Interventions at the level of the Sexuality function in Disabled Persons. Rapid Review. Rehabilitation and Sports 
Medicine. 2025;5:109.

43. Arbain N, Tamam A. Enhancing Mathematical Thinking through Dynamic Software: A Case of GeoGebra. 
J Technol Sci Educ. 2020;10(2):245–58.  

44. Hattie J, Timperley H. The Power of Feedback. Rev Educ Res. 2007;77(1):81–112. DOI: 
10.3102/003465430298487.  

45. Shute VJ. Focus on Formative Feedback. Rev Educ Res. 2008;78(1):153–89. DOI: 10.3102/0034654307313795.

FINANCING
The authors did not receive financing for the development of this research.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTION
Conceptualization: Maria Magdalena Zagoto, I Made Arnawa.

 11    Zagoto MM, et al

https://doi.org/10.56294/saludcyt20252001 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252001


https://doi.org/10.56294/saludcyt20252001

Data curation: Edwin Musdi, Ahmad Fauzan.
Formal analysis: Maria Magdalena Zagoto, Oskah Dakhi.
Research: Maria Magdalena Zagoto.
Methodology: I Made Arnawa, Edwin Musdi, Ahmad Fauzan.
Project management: Alwen Bentri, Oskah Dakhi.
Resources: Maria Magdalena Zagoto, I Made Arnawa, Edwin Musdi.
Software: Maria Magdalena Zagoto, Ahmad Fauzan.
Supervision: : I Made Arnawa, Alwen Bentri.
Validation: Edwin Musdi, Ahmad Fauzan.
Display: Oskah Dakhi, Alwen Bentri.
Drafting - original draft: Maria Magdalena Zagoto, I Made Arnawa, Edwin Musdi.
Writing - proofreading and editing: Oskah Dakhi, Edwin Musdi.

 Salud, Ciencia y Tecnología. 2025; 5:2001  12 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252001

