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Abstract

In general, there are still many students who lack problem-solving abilities. Historically, mathematics is
actually very closely related to problem-solving abilities and was developed by students as a challenge
to changes in learning motivation. The world of Indonesian education has various learning models and
teaching aids that can be developed, one of which is Geogebra. Geogebra can be implemented with
mathematical concepts as an effort to improve problem-solving abilities. Apart from that, we can make
learning motivation as fun as learning mathematics at school. Therefore, this research seeks to improve
students' problem-solving abilities and learning motivation. This research uses a mixed-method
research method with a sequential exploratory design type. Research data was collected through
problem-solving ability tests, learning motivation questionnaires, observations, and interviews with class
IX students at Mts Al-Ma'tug Sukabumi. The results of this research show that the problem-solving
abilities and learning motivation of students using geogebra-assisted learning are better than students
using conventional learning. Apart from that, there is no correlation between problem-solving abilities
and learning motivation of students who receive geogebra-assisted and conventional learning with a
weak or low level of relationship. The contribution of this research to the development of science is to
provide new insights into the application of Geogebra as a tool in mathematics learning and to reveal
the importance of integrating technology to improve students' problem-solving abilities and learning
motivation.
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INTRODUCTION

Mathematics education plays an important role in equipping students with critical and analytical
thinking skills needed to solve various problems in everyday life. At the Madrasah Tsanawiyah (MTs)
level, problem-solving skills are one of the main goals to be achieved in mathematics learning. This ability
helps students not only understand mathematical concepts but also apply them in real situations.
However, based on observations in the field, many students still face difficulties in developing problem-
solving skills. This is not only caused by a lack of understanding of basic concepts, but also by students'
low motivation to learn in facing mathematical challenges (Wahyuni et al., 2020).

Learning motivation is one of the crucial aspects in the education process. Students with high
learning motivation tend to be more active in understanding the subject matter, conducting independent
exploration, and trying hard to solve problems. Unfortunately, many teachers in MTs still rely on
conventional learning methods that are less interactive and do not encourage students to be actively
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involved in the learning process. Learning that focuses on one-way teaching from teacher to student often
makes students feel bored and unmotivated, especially in subjects that are considered difficult such as
mathematics (Hidayat et al., 2018).

As an alternative, the problem-solving learning model has been widely recognized as one of the
effective approaches in improving students' problem-solving abilities. This model emphasizes the learning
process that encourages students to find solutions to problems independently through various critical and
analytical thinking strategies. In problem-solving-based learning, students are faced with situations that
require them to think creatively, explore various possible solutions, and systematically organize problem-
solving steps. Thus, students not only learn theory but are also actively involved in its application
(Rachmawati et al., 2019).

The integration of technology into mathematics learning, such as through the GeoGebra
application, further strengthens the potential of problem-solving models in improving student
understanding. GeoGebra is a dynamic mathematics application that can visualize various mathematical
concepts, such as algebra, geometry, and calculus, in an interactive form. This application allows students
to conduct direct experiments with mathematical concepts that are difficult to understand through
conventional approaches. With interactive visualizations, students can more easily understand the
relationships between variables and abstract concepts in mathematics. In addition, the use of GeoGebra
can also increase student motivation because it provides a more enjoyable and interesting learning
experience (Noto et al., 2019).

The use of technology in mathematics learning has shown positive impacts in a number of studies.
For example, several studies have shown that students who learn with the help of technology tend to have
a deeper understanding of concepts and higher learning motivation. Technologies such as GeoGebra not
only make learning more interesting but also allow students to learn in a more flexible way, both
individually and in groups. Through this application, students can visualize complex concepts more
concretely, which ultimately helps them in solving more complicated mathematical problems (Rahmawati
& Santosa, 2020).

However, although many studies have shown the effectiveness of using GeoGebra in mathematics
learning, studies that specifically examine the application of problem-solving models with this application
in madrasah environments are still very limited. Education in Madrasah Tsanawiyah, which integrates
religious values with the national curriculum, has its own characteristics and challenges. Therefore, it is
important to explore how the use of GeoGebra can be adapted to the context of madrasah education,
especially in improving students' problem-solving abilities and learning motivation (Hanipa et al., 2019).

This study aims to answer these challenges by exploring the implementation of the problem-solving
learning model with the help of the GeoGebra application in Madrasah Tsanawiyah. This study will assess
the extent to which this model is effective in improving students' problem-solving abilities and its effect on
learning motivation. In addition, this study is also expected to contribute to the development of
mathematics learning methods in madrasahs, especially in optimizing the use of technology in the learning
process (Dirmansyah, M. R., Febriandi, R. (2023).

Thus, this study not only aims to improve the quality of mathematics learning in madrasas, but also
to enrich the literature related to the use of technology in Islamic education. The results of this study are
expected to be a reference for mathematics teachers in madrasas to apply more interactive and innovative
methods, so as to improve student motivation and learning outcomes as a whole.

METHODS

This study uses mixed-method research with a sequential exploratory design, which aims to gain
a deep understanding of the implementation of the problem-solving learning model with the help of the
GeoGebra application. This design consists of two main stages: first, collecting and analyzing qualitative
data through observation, and second, collecting quantitative data through tests and questionnaires to
support qualitative findings. This method was chosen so that the results of the study can provide a
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comprehensive picture of the effects of using GeoGebra in improving students' problem-solving abilities
and learning motivation.

The population in this study were 89 students of grade IX at Madrasah Tsanawiyah (MTs) Al-
Ma'tug. The selection of this population was based on the topic of learning curved side space shapes
taught in grade IX, which was relevant to the research material. A purposive sampling technique was used
to select the sample, where 44 students were placed in the experimental group and 45 students in the
control group. The experimental group will be taught using the GeoGebra-assisted problem-solving
model, while the control group will be taught using conventional learning methods.

The research instruments used in this study include several non-test and test tools. First,
observations were conducted to observe the learning process, especially how students interact with the
GeoGebra application in the problem-solving process. This observation also recorded the level of student
engagement and how they collaborated in solving problems. Second, a learning motivation questionnaire
was used to measure the level of student motivation before and after learning. This questionnaire was
compiled using a Likert scale with five answer choices and consisted of 20 questions that assessed
students' intrinsic and extrinsic motivation. In addition, a problem-solving ability test instrument was also
given, which contained descriptive questions on the topic of curved-sided geometric shapes. This test
was designed to measure students' ability to formulate and solve mathematical problems using problem-
solving strategies.

The research procedure consists of three main stages. In the preparation stage, the researcher
prepared the Learning Implementation Plan (RPP) for both groups, prepared the research instruments,
and tested the validity and reliability of the instruments. In the implementation stage, a pretest was
conducted to measure the initial problem-solving abilities and learning motivation of students in both
groups. Furthermore, the experimental group was taught using the GeoGebra-assisted problem-solving
model, while the control group was taught using conventional methods. After the learning was completed,
a posttest was conducted to see the changes that occurred in the problem-solving abilities and learning
motivation of students. In the final stage, the data obtained from the pretest and posttest were analyzed
quantitatively to see significant differences between the two groups.

Data analysis was conducted by combining qualitative and quantitative techniques. Qualitative data
from observations were analyzed descriptively to provide an overview of the learning process, student
engagement, and the use of the GeoGebra application. Quantitative data from tests and questionnaires
were analyzed using descriptive and inferential statistics. Normality and homogeneity tests were
conducted first to ensure that the data obtained met the requirements for parametric statistical tests.
Furthermore, paired t-tests were used to compare the results of the pretest and posttest in the same
group, and independent t-tests were used to compare the differences between the experimental and
control groups. This analysis was conducted using statistical software such as SPSS to ensure the
accuracy of the results.

By using this mixed method, it is expected that the research results can provide a comprehensive
picture of the influence of the GeoGebra-assisted problem-solving learning model on students' problem-
solving abilities and learning motivation at MTs Al-Ma'tug.

RESULTS AND DISCUSSION

Improving Problem-Solving Skills

Based on the results of the problem-solving ability test of students who received Geogebra and
conventional learning, the N-Gain value of students' Problem-Solving ability was obtained. The description
of the average N-Gain, standard deviation of the N-Gain data of students' Problem-Solving Ability is
summarized in Table 1 as follows.

Table 1. The Average N-Gain of Students' Problem-Solving Ability
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N-Gain Learning

Statistics Experiment Control

Average 0.7957 0.7243

Simp. Baku 0.23697 0.24237
Number of Students 23 23

Based on the data in table 1, a diagram will be made showing the N-Gain value of the results of
the Problem-Solving ability test in classes that received Geogebra learning and conventional learning as
in figure 1 as follows:

N-GAIN AVERAGE
# Rerata N-Gain

0.7957

V 0.7243

7

EKSPERIMEN KONTROL

Figure 1. Comparison of Average N-Gain Results of Students' Problem-Solving Ability

Based on Table 1 and the diagram in Figure 1, it can be seen that the average N-Gain of Problem-
Solving ability of students who received Geogebra learning is higher than the average N-Gain of Problem-
Solving ability of students who received conventional leaming. When viewed from the average N-Gain
value of the experimental class with a high category, the average N-Gain of the control class is in the high
category. This means that the quality of the increase in problem-solving ability of students who received
learning assistance with Geogebra is better than that of students who received conventional learning.

To find out which improvement in students' Problem-Solving abilities is better, it can be seen from
Table 1 that the average N-Gain of students' Problem-Solving abilities with Geogebra learning is higher
than the average N-Gain of students' Problem-Solving abilities with conventional learning.

Increasing Learning Motivation

Based on the results of the questionnaire on students' learning motivation who received Geogebra
and conventional learning, the N-Gain value of students' learning motivation was obtained. The summary
of the average N-Gain, standard deviation of the N-Gain data of students' learning motivation is presented
in Table 2 as follows.

Table 2. Description of Average Student Learning Motivation
Motivation to learn

Statistics Experiment Control
Average 0.49 0.33
Simp. Baku 0.24 0.23
Number of Students 23 23

Based on the data in Table 2, a diagram was created showing the N-Gain value of the results of
the student learning motivation questionnaire in the class receiving Geogebra learning and conventional
learning as shown in Figure 2 as follows.
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Figure 2. Comparison of Average Student Learning Motivation

Based on Table 2 and the diagram in Figure 2, it can be seen that the average N- Gain response
to students' learning motivation who received Geogebra learning is higher than the average N- Gain
response to students' learning motivation who received conventional learning. When viewed from the
average N- Gain value of the experimental class with a high category, the average N- Gain of the control
class is in the high category. This means that the increase in learning motivation of students who receive
learning assisted by Geogebra is better than students who receive conventional learning.

To find out which increase in students' learning motivation response is better, it can be seen from
Table 2 that the average N- Gain of students' learning motivation response with Geogebra learning is
higher than the average N- Gain of students' learning motivation with conventional learning.

Motivation Questionnaire Results

The questionnaire analysis showed that students in the experimental group felt more motivated
because GeoGebra provided a more interactive and satisfying learning experience. In contrast, students
in the control group reported a smaller increase in motivation, indicating that the conventional approach
had a less significant impact on their motivation. The initial stage carried out was to find out the initial
learning motivation of each student in both classes. The second stage was to provide learning to both
classes (experimental and control classes) according to the treatment model applied to the class. Then
the last stage after being given treatment was that both classes were given a learning motivation
questionnaire again to find out changes in student learning motivation after being given treatment through
the learning model. The results of the analysis of descriptive data on the average, standard deviation of
the student learning motivation questionnaire at the beginning and end of the study, these data are
presented in Table 3 as follows:

Table 3. Learning Motivation Questionnaire Response Results (Pretest-Posttest)

Learning
Statistics Experiment Control

Before After Before After
Average 72.96 86.65 72.61 82.04

Minimum Score 61 72 60 67

Maximum Score 85 100 83 95
Simp. Baku 6.36 6.75 6.44 717

Number of Students 23 23 23 23

The data contained in Table 3 can be used to create a diagram that shows a comparison of
students' learning motivation responses at the beginning and end (pretest-posttest) between students
who received GeoGebra learning and conventional learning as in Figure 3 as follows:
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Figure 3. Comparison of Average Responses to Student Learning Motivation

Based on the data in table 3 and the diagram in Figure 3, it is found that the average value of the
learning motivation questionnaire results of students in the experimental class before and after is higher
than the average of the control class. This means that the learning motivation response of students who
receive geogebra learning is better than students who receive conventional learning.

Difference between Pretest and Posttest

Students who use geogebra-assisted learning show better Problem-Solving skills compared to
students who use conventional learning. Before the two classes were given treatment, the Problem-
Solving skills of Mts Al-Ma'tuq students were in the low category. However, achieving Problem-Solving
skills is a general goal in mathematics learning, and is even the core of mathematics (Son & Lee, 2020).
To achieve learning goals, this ability must receive special attention (Sari, et al., 2021). That Problem-
Solving is part of mathematics learning because the process and solution must use previously possessed
abilities and experiences (Rochana, S., Wahyuniar, LS, & Mahdiyah, U., 2022).

Students' low Problem-Solving abilities can be seen from the results of their initial Problem-Solving
abilities, where the results are still far from what is expected and indicate challenges that need to be
overcome in the learning process. Other studies have found that students' initial Problem-Solving abilities
are still relatively low (Yulianto, 2020; Zakiyah, et al., 2021). This is in line with the findings of other studies
that students' Problem-Solving abilities are still relatively low (Sulistyani, et al., 2020; Kamilah, et al., 2022;
Rochana, et al., 2022; Gunawan, et al., 2023). Research findings from Gunawan, et al. (2023) that
students' Problem-Solving abilities in mathematical problems related to plane geometry are relatively low,
with an average score of 22.28 and a success rate of 15.23%. In addition, other studies have revealed
that low-ability students show extraordinary detail in problem-solving abilities, while high-ability students
have difficulty writing in detail (Kamilah, et al., 2022).

Factors causing low Problem-Solving abilities of Mts students include lack of student understanding
of the concept, inadequate curriculum in developing these skills, lack of teacher training in teaching
methods that explore students' Problem-Solving abilities, and limited resources in Mts schools and
environmental factors (Koswara, et al., 2019; Cahyaningrum & Pradipta, 2021; Xu & Qi, 2022). According
to Xu & Qi (2022), environmental factors, self-efficacy, and math anxiety have a significant impact on
students' Problem-Solving abilities. Another factor in students' Problem-Solving abilities in solving
problems is a lack of understanding of the concept (Cahyaningrum & Pradipta, 2021). The dominant factor
causing low Problem-Solving abilities in students is the learning process that has not facilitated them to
develop these skills (Koswara, et al., 2019).

After being given an initial ability test, students were given mathematical Problem-Solving ability
questions. Various efforts were made to overcome the problem of students' low Problem-Solving ability.
One of them is the application of innovative learning models and the provision of supporting learning
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resources. Students in both classes were served with different learning models. Students who used
Geogebra-assisted learning and students who used conventional learning were served with different
models. Geogebra-assisted learning improves students' understanding of mathematical concepts through
solving real problems (Suhendar & Ekayanti, 2018). By using geogebra, students are given the
opportunity to find solutions to problems.

Students experience technology-integrated learning with Geogebra-assisted learning. Students are
directed to learn basic materials. In some meetings, geogebra technology is used for Problem-Solving
and group discussions. Accustoming students to using sophisticated technology to facilitate learning at
school (Wati & Nugraha, 2021).

The learning process takes place, students can download modules and videos on subtopics
discussed through LKPD or modules provided by teachers to get material. This will certainly make it easier
for students to gain extensive knowledge and freedom to learn than teachers in class. However, online
learning will certainly have challenges. Some students have difficulty learning, such as not supporting the
Geogebra application on their cellphones. Of course, even though the application is fun and easy to use,
one of the factors that makes the learning process less effective is the need for socialization and
adaptation when using it (Oktavian & Aldya, 2020). However, overall, learning with geogebra makes
students more interested and increases their motivation to learn.

Unlike students who use conventional learning, students do math exercises and listen to teachers
explain concepts. This material is collected from one source, namely the teacher who teaches in class
with the help of a math textbook. There is no difference in the learning provided about the same idea.
Conventional learning tends to emphasize students' understanding of basic concepts without teaching
critical thinking skills (Darmawani, 2018). Thus, students' problem-solving abilities in conventional learning
tend to be less active, less abstract, less related to the context of students' lives, and more limited in
solving real problems. This is because conventional learning focuses on understanding concepts
theoretically, so there is a lack of creative motivation and getting material freely (Zuliyanti & Pujiastuti,
2020; Hwang, et al., 2022).

At the end of each class, Problem-Solving skills were evaluated again. Students who used
geogebra-assisted learning had better Problem-Solving skills than students who used conventional
learning. After seeing the calculation results, it can be concluded that students who used geogebra-
assisted learning had better Problem-Solving skills overall than students who used conventional learning.

Students' answers to the Problem-Solving ability test varied greatly. Students who used Geogebra-
assisted learning were not able to solve the Problem-Solving ability questions, and almost all students
who used conventional learning failed to solve the math Problem-Solving ability questions because this
type of question was very difficult. This can happen when students are not used to this process and imitate
the way the teacher does it. For example, students often work on math problems that have been translated
into mathematical form. According to Sari, et al., (2021), one of the reasons why control class students
cannot understand the problems they face is because they follow the teacher's instructions carefully.

In addition, in other cases, they can only solve problems without drawing conclusions or interpreting
problem solutions. This is in line with research conducted by Utami, N., Sukestiyarno, Y. L., & Hidayah, I.
(2020), which found that most students only interpret mathematical results in real-world contexts without
examining mathematical concepts, solutions, and limitations. In addition, other studies have found that
only a few students are able to formulate real problems in the questions given, as well as evaluate
solutions to the questions given from the number of students (Utami et al., 2020). The following is an
example of the results of students' answers with Geogebra in the superior group presented in Figure 4.
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Figure 4. Example of Students' Work on Problem-Solving Questions in Geogebra Assisted Learning in
the Superior Group

One example of the results of students' answers with conventional in the superior group is

presented in Figure 5 below.
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Figure 5. Example of Students' Work on Problem-Solving Questions with the Superior Group
Conventional

Figure 5 shows an example of a student's answer who received Geogebra- assisted learning in the
superior group. In this difficult question, there are students who can solve it perfectly, and because there
is a repetition of practice questions that are similar in form to the problem-solving ability questions given,
students can answer the question. Therefore, it is very important to help students understand and answer
questions, even if the question is in the difficult category.

The factors that cause students to be able to answer questions well are the existence of an
interesting learning model and make their learning motivation much better with the help of technology.
This is also reinforced in other studies such as Lu, Yang and Wang (2021) who revealed that interacting
with peers and learning motivation and learning involving technology have a direct impact on students'
high-level thinking skills in a smart classroom environment.

In contrast to conventional learning, students tend to directly answer questions with the formulas
they have obtained without using steps in solving problems, even some students do not answer the
questions (Kamilah, et al., 2022). This action may be caused by several factors. For example, questions
are given randomly or irregularly, so students cannot remember the explanations given during learning.

According to the results of the research data testing, there was no difference in the problem-solving
ability of students who used Geogebra-assisted learning compared to students who used conventional
learning. Several factors may be responsible for this disparity, including teaching methods, students' initial
skills, and evaluation techniques. Although Geogebra is used in learning, the methods used may not be
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different enough from conventional methods. However, if the lesson structure, learning approach, and
assessment are not changed significantly, there may be no significant difference in problem-solving ability
between the two groups of students. According to Ridwan, et al. (2021) Innovative learning is effective in
improving the mathematical problem-solving abilities of junior high school students. So that problem-
based learning using performance assessments and technology has a positive effect on students'
problem-solving abilities, improved according to the stages of Problem-Solving correctly (Winarti, et al.,
2019).

The results showed a significant increase in the problem-solving abilities of students who used
GeoGebra compared to students who followed conventional learning. This increase supports the results
of previous studies showing that GeoGebra, as an interactive visual aid, can improve students'
mathematical skills. GeoGebra allows students to conduct visual and interactive exploration of
mathematical concepts, which supports the constructivism theory that states that active and exploratory
learning improves conceptual understanding (Brusilovsky & Millan, 2007). Research by Huang and Huang
(2018) also confirmed that the use of GeoGebra can improve mathematics learning outcomes through
clear and dynamic visualizations.

This difference is in line with the principles of constructivist learning that emphasize the importance
of visual and interactive tools in deepening conceptual understanding. GeoGebra, with its ability to provide
dynamic visualizations and interactive representations, helps students understand geometric concepts in
a more intuitive and digestible way. Research by Huang & Huang (2018) and Kose (2020) shows that
visual aids such as GeoGebra can improve overall mathematical understanding, which is consistent with
the findings of this study. GeoGebra facilitates in-depth exploration and experimentation, which may
explain the significant improvement in problem-solving ability.

In conclusion, the results of the study indicate that students who learn using geogebra-assisted
learning have better Problem-Solving abilities compared to conventional learning. So it is recommended
to conduct further research at a higher level.

Relation to Previous Theory and Research

The results of this study are in line with the constructivism theory which emphasizes the importance
of visual aids in mathematics learning. GeoGebra as an interactive visual aid provides a dynamic
representation of mathematical concepts, which facilitates deeper understanding (Jang, 2018). Research
by Kose (2020) shows that GeoGebra can improve students' attitudes towards mathematics by providing
a more enjoyable and motivating learning experience. This finding is consistent with a study by Gil-
Doménech, D., & Berbegal-Mirabent, J. (2019), which shows that GeoGebra can improve students'
engagement and problem-solving skills through more effective visual representations than conventional
methods.

This study also reflects the results of previous studies that show the benefits of using technology
in mathematics education. Huang & Huang (2018) showed that GeoGebra improves understanding of
mathematical concepts by providing clear and interactive visualizations. Kose (2020) also found that
visual aids such as GeoGebra can improve students' problem-solving skills by providing representations
that facilitate understanding of complex mathematical concepts.

Learning Motivation Analysis

At first, students usually do not have high learning motivation. After the study was completed, it
was found that students felt more motivated to learn using Geogebra's help. This is clearly due to certain
factors, such as treatment that makes learning fun and not boring. Students who experience this
improvement are included in the moderate improvement category. Rochana, S., Wahyuniar, L.S., &
Mahdiyah, U., (2022) found that the level of student learning motivation was moderate.

Students' motivation in mathematics is significantly related to perceptions of teaching practices and
use of resources for learning (Hossein & Hossein, 2023). Based on the results of the study, it was found
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that students' learning motivation towards those who received Geogebra-assisted learning and
conventional learning varied depending on various factors, including individual characteristics of students,
implementation of learning, and their learning experiences.

Some possible learning motivations that occur in both learning models are mentioned below.
Learning with the help of Geogebra increases students' motivation to learn. They feel more motivated to
learn and learning becomes more enjoyable when they succeed in solving problems. According to
research from Selvy, et al. (2020) Geogebra-assisted learning can improve students' creative thinking
and mathematical motivation, so that learning mathematics becomes more enjoyable and interesting.
Other studies have shown that learning using Geogebra increases students' interest, motivation, and
willingness to learn geometry, as well as improving their academic achievement (Zutaah, Ondigi &
Miheso, 2023) The ability to collaborate in groups, solve problems, and contribute to solutions can also
increase students' motivation to learn.

Students with moderate learning motivation are also included in the moderate category, no different
from classes that use conventional learning. Parents and teachers certainly have an equally important
role in increasing students' desire to learn. Parents must build a sense of family and provide sincere
examples so that children can imitate and create a social spirit to blend in with society through the
standards and qualities that have been educated so that they can better understand children's
development from feelings to their actual abilities. The teacher's equally important task is to help students
who have difficulties at school, especially in terms of adjusting to friends. Students who have low learning
motivation must be easily identified so that responsive interventions are useful. The better the overall
climate, the more students can develop into great and confident individuals (Rosani, et al., 2021).

Students who received GeoGebra-assisted learning and students who received conventional
learning experienced an increase in learning motivation after both classes received different learning
treatments. This is a technology-based learning collaboration, which increases students' interest and
desire to learn much more than before being given treatment. Compared to conventional teaching
methods, the use of GeoGebra improves students' academic achievement and motivation (Hosseini,
Mehdizadeh, & Sadeghi, 2022).

However, high learning motivation alone is not enough to get satisfactory grades in mathematics
learning, often students feel dissatisfied with daily tests and exams (Fuqoha, Budiyono & Indriati, 2018).
So it can be said that learning motivation cannot be said to have an effect during the test process.
However, in general, students' learning motivation is able to be confident in solving problems in learning.

To achieve optimal learning outcomes, it is important for students to increase their motivation to
learn mathematics. Motivation is an internal driver that encourages students to learn and actively
participate in the learning process. By increasing this motivation, students tend to be more involved,
enthusiastic, and persistent in understanding the mathematical concepts taught.

Several other factors that increase students' learning motivation in students who receive geogebra-
assisted learning, the first factor is the use of interesting learning methods: innovative and interesting
learning methods can help attract students' attention and make them more enthusiastic about learning
mathematics (Gil & Berbegal, 2019). According to other research, S. Schukajlow, K. Rakoczy, and
R. Pekrun (2023) revealed that involving movement-based learning and technology in mathematics will
significantly increase children's enjoyment and involvement without reducing the quality of learning.

The second factor is the interactive approach, according to the use of games, and the application
of educational technology can make mathematics learning more interesting and relevant for students.
According to Wang, et al. (2018) the technology-based game approach produces better learning
achievement and motivation to learn mathematics compared to conventional technology-enhanced
learning approaches, by considering these factors and designing a supportive learning environment,
teachers can help improve students' learning motivation in mathematics learning, thereby creating a
meaningful and effective learning experience. Although GeoGebra succeeded in increasing students'
learning motivation, the analysis showed that there was no significant relationship between increasing
problem-solving abilities and learning motivation. The increase in motivation in the experimental group,
from the moderate category to the high category, showed that GeoGebra made mathematics learning
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more interesting. However, learning motivation is a complex construct that is influenced by many factors,
including social support, personal experience, and material difficulty (Deci & Ryan, 2017). Research by
Jang (2018) shows that learning motivation is influenced by engagement and positive experiences with
technology, but the direct relationship with problem-solving skills may be influenced by other factors that
were not fully measured in this study.

This may be due to extemal factors that influence motivation, such as social support, previous
experience with technology, or the difficulty of the material. Research by Deci & Ryan (2000) suggests
that learning motivation is a complex construct influenced by a variety of factors, including engagement
in learning and students' personal experiences. This research suggests the need to understand how
motivation is influenced by factors other than the tools used.

Results Not As Expected

The finding that there was no significant relationship between problem-solving ability and learning
motivation may be due to other factors influencing motivation that were not measured in this study, such
as social support and prior learning experiences. Research by Deci and Ryan (2017) showed that learning
motivation is influenced by various factors, including social interaction and support from teachers. In
addition, the level of difficulty of the material and prior technology experiences may also influence how
tools such as GeoGebra affect students' motivation and problem-solving skills. These findings suggest
the need for further research to explore how various factors may interact and influence student learning
outcomes, as well as to better understand how educational technology can work together with other
motivational factors to improve learning outcomes.

There is no relationship between Problem-Solving ability and students' learning motivation using
Geogebra learning. The influence of a weak or low relationship is indicated by a large coefficient on the
test. This shows that the two abilities tested have a unidirectional relationship with each other. This means
that an increase in Problem-Solving ability is followed by students' desire to learn more (Zebua et al.,
2022). This is not in accordance with research from Baity (2021). found that self-efficacy and high learning
motivation are the most effective in influencing mathematical Problem-Solving ability.

There are several reasons why there is no relationship between the improvement of Problem-
Solving ability and learning motivation of students using Geogebra-assisted learning. The first factor is
that the measurement of Problem-Solving ability and learning motivation may not be sensitive enough to
identify the relationship between the two. For example, the measurement used may not be able to
describe well the changes in Problem-Solving ability and learning motivation of students.

Unlike learning models, external factors (such as family support, student motivation, or
environmental factors) may be more dominant in influencing students' learning motivation (Aulia,
Marjohan & Rakimahwati, 2019; Pohan, Asmin & Menanti, 2020). According to Aulia Marjohan and
Rakimahwati (2019), learning motivation and self-confidence contribute positively to students' problem-
solving abilities, and together have a significant effect on their ability to understand learning problems.

An additional factor is the time required to see the impact; the relationship between increased
Problem-Solving ability and learning motivation takes time. According to Yunus, et al. (2021) that there is
a positive correlation between Problem-Solving ability and students' desire to achieve, metacognitive
awareness, and their attitudes towards learning. So, the positive effect on learning motivation may not be
immediately visible after increasing Problem-Solving ability.

CONCLUSION

This study shows that the application of GeoGebra-assisted problem-solving learning model is more
effective in improving students' problem-solving ability and learning motivation compared to conventional
methods. Students who learn with GeoGebra show significant improvements in problem-solving ability
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and learning motivation, with interactive visualization and challenges that provide a sense of achievement.
However, no significant relationship was found between problem-solving ability and learning motivation,
either in the GeoGebra or conventional groups. Although both increased, the increase in one variable did
not directly affect the other variable. Thus, the use of GeoGebra can be relied upon to improve the quality
of mathematics learning, but the relationship between problem-solving and learning motivation requires
further research. The implication of this study is that educators should consider integrating GeoGebra into
their teaching practices to enhance students' problem-solving abilities and motivation. Additionally, future
research could explore other factors that may influence the relationship between problem-solving ability
and learning motivation, as this study has found no direct connection between the two.
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