™

Check for
updates

Integrating GeoGebra into Project-Based Learning to

Improve Students’ Problem-Solving Skill on Circle Topic

Hery Nugroho!, Desti Desti?, Kismiantini Kismiantini®, Lika Setyaningrum*, Risalah

1

Nur Laili’, and Sugiman Sugiman®

1.2,3.6 Yogyakarta State University, Yogyakarta, Indonesia
4Sebelas Maret University, Central Java, Indonesia
5 Muhammadiyah University of Surakarta, Central Java, Indonesia
herynugroho.2023@student.uny.ac.id

Abstract. Many studies have tried improving students’ problem-solving skills
through the Project-Based Learning model on the circle topic. However, only
some research results examine efforts to improve students’ problem-solving
skills of the circle concept, especially by utilizing the GeoGebra-integrated
Project-Based Learning model. This study aims to analyse the effectiveness of
GeoGebra-integrated Project-Based Learning in improving students’ problem-
solving skills on the circle topic. To answer the purpose of the study, the
researchers compared the GeoGebra-integrated Project-Based Learning
(GeoPjBL) with the Project-Based Learning (PjBL) and conventional models.
The research method used was quasi-experimental quantitative research with a
non-equivalent control group design involving as many as 94 students in a private
junior high school in Yogyakarta, Indonesia. The data analysis techniques used
Normalized Gain (N-Gain) Score, Cohen’s d Effect-Size, and Descriptive
Statistics. The results show that the GeoGebra-integrated Project-Based Learning
is more effective in improving students’ problem-solving skills on the circle topic
than the Project-Based Learning and the conventional models. The study results
can be an alternative innovative mathematics learning model for teachers, as a
training reference for stakeholders, and for education to welcome learning based
on information and communication technology (ICT) in the 21% century.

Keywords: Project-Based Learning, GeoGebra, Circle, Normalized Gain,
Problem-Solving Skill.

Introduction

The circle is a fundamental concept in geometry taught in elementary and secondary
schools [1]. It can be defined as a set of all points equidistant from a specific point
called the center, with this distance referred to as the radius [2], [3]. As one of the basic
concepts in geometry, understanding the circle is crucial in education and various fields
such as physics, engineering, and computer science [4]. However, several studies
conducted by [4]-[6] reveal that students often face challenges in comprehending and
applying the concept, particularly in identifying its elements, determining the value of
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and calculating the circumference and area of a circle. These challenges highlight the
need for a practical and systematic approach, such as the problem-solving framework
developed by Polya [7]. Polya's framework offers four structured stages: (1) under-
standing the problem, (2) making a plan, (3) executing the plan, and (4) looking back,
all aimed at fostering critical thinking and deepening students' comprehension of geo-
metric concepts [7], [8]. This approach helps students analyze problems effectively,
identify essential elements of a circle, and consider various strategies to solve geometry
problems, such as determining the circumference or area [9]-[11]. Based on this, ap-
plying a learning model that facilitates students’ developing an in-depth understanding
of geometry problem-solving is essential. One innovative learning model oriented to-
wards deep and meaningful knowledge for students is Project-Based Learning.

Project-Based Learning (PjBL) is a student-centered learning model based on three
constructivist principles: learning in a specific context, students being actively in-
volved, and there is social interaction through project work [12]. Additionally, [13] say
characterizes PjBL as a collaborative learning model requiring students to contribute to
shared outcomes while gaining meaningful learning experiences through project-based
activities. These perspectives converge on the idea that PjBL fosters active student en-
gagement, social interaction, and contextual learning experiences, providing opportu-
nities to integrate various disciplines through projects [14], [15]. Studies have demon-
strated that PjBL enhances critical and innovative thinking skills [16], fosters independ-
ence [17], develops social skills [18], and supports the application of knowledge to
solve real-life problems [19]. The PjBL model is also an alternative for teachers to
overcome the fundamental nature of mathematics, namely “abstract,” so that students
can understand the topic well [20]. The integration of technology into the PjBL model
has been widely highlighted as a means of enhancing the quality of learning [21], [22].

One such technology is GeoGebra, a dynamic mathematics software that combines
geometry, algebra, and calculus [23]. GeoGebra allows users to explore mathematical
concepts comprehensively by visualizing abstract objects and has been extensively used
to make mathematics learning more accessible and engaging for students [23]-[27]. In
addition, GeoGebra can also increase students' understanding and interest in mathemat-
ics, making it a valuable tool for improving learning outcomes. Therefore, integrating
GeoGebra and the Project-Based Learning model will improve students’ problem-solv-
ing skills on the circle topic.

The integration of GeoGebra in the PjBL model aligns with the Polya problem-solv-
ing framework. In understanding the problem stage, using GeoGebra allows students
to understand abstract concepts and manipulate geometric elements more easily. In the
planning stage, students can explore various problem-solving strategies by dynamically
adjusting and analyzing the properties of the circle, fostering critical thinking through
GeoGebra. During the execution of the plan stage, students can use GeoGebra as a
visual calculation and confirmation tool. This helps students confirm answers inde-
pendently while verifying the steps they have taken. Finally, in the looking back stage,
GeoGebra helps students evaluate their solutions by providing dynamic representations
that reveal relationships between variables. This integration enhances the PjBL model
by providing a practical and interactive platform, allowing students to understand math-
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ematical concepts better and improve their problem-solving skills. This aligns with re-
search that shows that interactive visualization-based technology can support problem-
solving skills [28], [29].

Based on previous research, only a few research results have attempted to integrate
GeoGebra into the PjBL model. Some of them are such as research conducted by [20]
who integrates GeoGebra into the PjBL model by taking field analytical geometry top-
ics. The research involving 137 prospective teachers in the Department of Mathematics
Education, Central Java, Indonesia. It was using quasi-experimental. The other study
was done by [30] who integrates GeoGebra into the PjBL model on 2D shapes in gen-
eral. The research involving 34 students in the Mathematics Education Study Program,
Bengkulu University, using the research design method. Unfortunately, the research
does not explicitly focus on the circle topic, and the competencies to be studied are not
explained comprehensively.

Although both studies contributed to integrating GeoGebra into the PjBL model,
these did not focus on improving students’ problem-solving on the circle concept.
Therefore, to overcome the gap, this study aims to analyze the effectiveness of imple-
menting GeoGebra-integrated Project-based Learning in improving students’ problem-
solving skills on the circle topic. The findings of this study have several important im-
plications that can benefit various parties, including practitioners, stakeholders, and the
education sector. For teachers, as a part of practitioners, it can be an alternative learning
model that helps improve students’ problem-solving skills. For stakeholders, it can en-
rich the learning model and train mathematics teachers on innovative and technology-
oriented learning models. For education, it is an innovative learning alternative that can
be applied at various levels, and it welcomes mathematics learning based on infor-
mation and communication technology (ICT).

Based on the description above, the research questions arise: (1) is the implementa-
tion of GeoGebra-integrated Project-Based Learning effective in improving students’
problem-solving skills on the circle topic? and (2) is the implementation of GeoGebra-
integrated Project-Based Learning better than the Project-Based Learning and conven-
tional models in improving students’ problem-solving skills on the circle topic? There-
fore, this research aims to analyze the effectiveness of GeoGebra-integrated Project-
Based Learning in improving students’ problem-solving skills on the circle topic.

2 Method

2.1  Research Design

This study is quasi-experimental quantitative research with a nonequivalent control
group design. It compares three sample groups representing three learning models: the
GeoGebra-integrated Project-based Learning (GeoPjBL) model as Experiment Group
1, the Project-based Learning (PjBL) model as Experiment Group 2, and the conven-
tional model as the Control Group. The research design can be seen in Table 1.
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Table 1. Research design.

Samples Groups Pretest Treatment Posttest
Experiment 1 01 T1 02
Experiment 2 03 T2 04
Control 05 X 06

Table 1 shows the research design. O1, O3, and OS5 represent the pretest for Experi-
ment 1, Experiment 2, and the Control Groups. Meanwhile, O2, O4, and O6 represent
the posttest in the same group. Based on the Treatment column, T1 represents the treat-
ment for Experiment Group 1, which uses the GeoPjBL model; T2 represents the treat-
ment for Experiment Group 2, which uses the GeoPjBL model; and X represents the
Control Group, which uses the conventional model.

2.2 Participants

This research was conducted in one of the private junior high schools in Yogyakarta,
Indonesia, from January to February 2024. The research population is all grade VIII
students, consisting of eight classes with 209 students. Three VIII classes were ran-
domly selected as samples: class VIII B with 31 students as Experiment Group 1; class
VIII E with 31 students as Experiment Group 2; and class VIII D with 32 students as
Control Group. The students have agreed to participate voluntarily, as shown in Table
1. Please note that the selection of a school is based on the availability of supporting
facilities such as computer facilities and LCD projectors. The students were treated
ethically according to the standards of the American Psychological Association [31].

Before the three groups were used as research samples, normality and homogeneity
tests were carried out to determine whether the three groups had equal or similar skills.
The normality and homogeneity test data are the values of the formative exam results
on the previous topic. Furthermore, the data was analyzed using the test formula of
Shapiro-Wilk and Levene, and the results showed that the formative scores of students
in all three sample groups were normally distributed. Thus, the abilities of students in
the three groups are relatively balanced.

2.3 Instruments

The researchers used a cognitive test in the circle topic for data collection to answer the
research objectives. The type of test is a description consisting of four items in which
the questions were developed based on the Revised Bloom Taxonomy [32]. The test
consisted of three questions related to the cognitive domain C4 (Analysis) and two
questions related to the cognitive domain C5 (Evaluation). The five questions were in-
tegrated into the pretest and posttest. The pretest aims to determine and evaluate stu-
dents’ initial skills to solve circle problems. Like the pretest, the posttest is given to
assess the difference in students’ skills in solving the circle problems after treatment.
The test used proportional scoring, where the total score of the four questions is 100,
with each item having a maximum score of 25.
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Furthermore, the researchers used a rubric instrument for measuring students’ prob-
lem-solving adapted from [33]. The instrument was adapted to the circle topic to eval-
uate all four aspects of Polya’s problem-solving. The scores on the assessment rubric
have an interval of 0 to 4, where each score reflects students' level of understanding and
skills in each aspect of problem-solving. That way, it can comprehensively identify the
problem-solving process carried out by students.

2.4  Data Analysis

After the test instrument is completed, the next stage is the internal validity test. Internal
validity includes the validation of material experts by two validators. The scales used
on the validation sheet use four categories of Likert Scales ranging from 1 to 4 (1-very
bad, 2-not good, 3-good, and 4-very good). The validation instrument was then ana-
lyzed using the content validity ratio (CVR), namely Cohen’s Kappa inter-raters [34].
The range of CVR is from -1 to 1. The higher the value, the higher agreement among
validators that the items are essential. The instrument is also analyzed using the content
validity index (CVI) formula, namely Aiken’s Coefficient Value [35]. The range of
CVlis from 0 to 1. The higher the value, the higher rate of relevance of the instruments.

The validation process in this study was adapted from research conducted by [36].
After analysis, the results of CVR of 0.615 (Substantial Agreement) and CVI of 0.96
(Very Valid) were obtained. These results confirm that the instrument used is reliable
and able to measure problem-solving skills and understanding of concepts accurately.
The instrument was then used for pretest and posttest. The independent variable used
is a learning model with categorical data types, while the dependent variable is the
problem-solving skill needed to understand concepts with interval data types.

Furthermore, the data analysis technique is based on an effort to answer the research
question by applying the Normalized Gain (N-Gain) score technique to see the effec-
tiveness of GeoPjBL, PjBL, and conventional in improving students’ problem-solving
skills on circle topic. In addition, this study also used Descriptive Statistics to identify
which group was better among Experiment 1, Experiment 2, or Control Groups, stu-
dents’ problem-solving skills on the circle topic. Data was analyzed using RStudio soft-
ware version 4.3.2 [37].

2.5 Research Procedure

This study used three sample groups: Experiment 1, which was given the implementa-
tion of the GeoPjBL; Experiment 2, which was given the implementation of the PjBL;
and the Control Group, which was given the implementation of conventional models.
For groups Experiment 1 and Experiment 2, the basic treatment given was the same,
where the learning process is carried out based on the Project-Based Learning model
with the steps shown in Fig. 1. In this study, the researchers used the circle topic. The
sequences of the subchapter are the meaning and elements of a circle, finding the pi
value approach, and determining the circumference and area of a circle. Furthermore,
the difference between Experiment 1 and Experiment 2 Groups is that GeoGebra is
used to evaluate the material after the project in the subchapter.
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Fig. 1. The Syntax of GeoPjBL.

Experiment 1 studied the material assisted by the visualization of GeoGebra for each
subchapter according to the PjBL syntax. The use of GeoGebra was used in the “Eval-
ute the Experience” stage where after the students presented and asked questions, the
teacher confirmed the results of their project. For example, suppose students do a pro-
ject on “Finding the Pi Value Approach”. In that case, the teacher confirms the project
results with the visualization of the GeoGebra learning media that has been made. This
is intended so that there is no missed conception in student understanding. GeoGebra
is part of the abstraction process to invite students to think from the situational, refer-
ential, general, to formal stages [38]. Every project students carry out begins with ex-
amining the context of daily life. Fig. 2 shows an example of the GeoGebra display. To
minimize potential confounding variables, such as teacher variability, all groups were
taught by the same teacher, ensuring consistent delivery of instructions and guidance
across groups. Additionally, students in Experiment 1 were given an introductory ses-
sion on using GeoGebra prior to the learning activities to control for differences in
familiarity with the software. The PjBL model is accommodated in the preparation of
Project 1, which identifies the elements of the circle; Project 2, which finds the phi
value approach; and Project 3, which finds the formula for the circumference and area
of the circle.
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Fig. 3. Examples of GeoGebra Technology used in Subchapter 1.

In contrast, Experiment 2 only uses the PjBL model without technological assis-
tance. The equation lies in using such models to accommodate the same project. Mean-
while, the Control Group is given a direct learning process, where during learning, the
teacher only explains the material directly without any project for each subchapter.
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3 Result and Discussion

This study analyzes how effective the application of the GeoPjBL model is in improv-
ing students’ problem-solving on the circle topic. The comparison was carried out with
the PjBL (without GeoGebra) and the Conventional models. The findings of this study
raise several issues and implications for further discussion regarding whether the appli-
cation of the model can be classified as effective in improving students’ problem-solv-
ing and whether the implementation of GeoPjBL is better than the other two models in
improving students’ problem-solving. The authors began the discussion by discussing
the effectiveness of the implementation of the GeoPjBL model, then continued by com-
paring the effectiveness of the implementation of the GeoPjBL model with the other
two models.

3.1 The Effectiveness of the Implementation of GeoPjBL in Improving
Students’ Problem-Solving Skills on Circle Topic

The N-Gain Score is a measure to evaluate the effectiveness of teaching methods or
educational interventions [39]. Based on this, the researchers used N-Gain Score anal-
ysis to test the effectiveness of GeoPjBL, PjBL, and Conventional models in improving
students’ problem-solving on circle topic. The Average of the N-Gain model was ap-
plied because the researchers are familiar with the student’s response data, allowing for
direct analysis. Categorization of N-Gain Score based on [39] in Table 2.

Table 2. Interpretation category N-Gain score.

Percentage (%) Interpretation
<40 Ineffective
40-55 Less effective
56-75 Effective enough
>76 Effective

The analysis stage began by grouping students’ responses data based on four im-
portant aspects of problem-solving skills based on [8]: (1) understanding the problem,
(2) making the plan, (3) executing the plan, and (4) looking back. Furthermore, the
average student responses from the pretest and posttest for each aspect were calculated
using the Average of N-Gain formula. This formula allows researchers to measure the
improvement of students’ problem-solving skills more accurately. Table 3 presents the
calculation results, showing how students have progressed from pretest to posttest in
each aspect assessed. This will provide a deeper insight into learning dynamics and the
interventions’ effectiveness.
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Table 3. N-Gain score results for each group.

Experiment Group 1 Experiment Group 2 Control Group

M1 M2 N M1 M2 N M M2 N
Al 1.13 290  62% 1.52 255 42% 1.56 2.09 22%
A2 1.52 3.10 64% 1.06 274 57% 1.59 2.4l 34%
A3 1.58 2.87 53% 1.45 245 39% 1.63 234 30%
A4 1.68 2.68 43% 1.58 248 37% 1.66 250 36%

Average 148 2.89 56% 1.40 256 44% 1.61 234 31%
Note:
M1 and M2 : Pretest and Posttest

Aspect

N : N-Gain Score

Al : Understanding the Problem Aspect
A2 : Making the Plan Aspect

A3 : Executing the Plan Aspect

A4 : Looking Back Aspect

Table 3 shows the N-Gain Scores for problem-solving skills across three groups:
Experiment Group 1, Experiment Group 2, and the Control Group. Experiment Group
1 achieved an average N-Gain Score of 56%, which falls into the “Effective Enough”
category according to [39]. Experiment Group I, on the other hand, had an average N-
Gain Score of 44%, placing it in the “Less Effective” category. Lastly, the Control
Group had an average N-Gain Score of 31%, which falls under the “Ineffective” cate-
gory.

This study shows that implementing GeoPjBL (GeoGebra-integrated Project-Based
Learning) effectively improves students’ problem-solving skills on circle topic, as in-
dicated by the N-Gain Score in the “Quite Effective” category for Experiment Group
1. This result was higher than Experiment Group 2, which used PjBL without GeoGebra
and the Control Group with the Conventional model. For example, in the first aspect of
problem-solving, understanding the problem, Experiment Group 1 showed an increase
of 62%, higher than Experiment Group 2 (42%) and Control Group (22%). This sug-
gests that GeoGebra may have supported students in visualizing and exploring the con-
cept of circles, potentially helping them identifying problems more effectively. These
findings are consistent with research showing that interactive software, such as Geo-
Gebra, can improve student engagement and understanding in math. The current re-
search extends previous findings, where GeoGebra has been shown to improve stu-
dents' math skills significantly [38], [40]-[43].

In addition, in the aspect of “making the plan”, the N-Gain Score in Experiment
Group 1 (64%) was also higher than in Experiment Group 2 (57%) and the Control
Group (34%). The role of GeoGebra in allowing students to design and test completion
steps in an interactive visual environment is considered one of the contributing factors
to these results. GeoGebra provides tools for students to visualize concepts and try dif-
ferent approaches, which supports them in creating more effective strategies to solve
problems. This planning process is similar to the findings [44], [45], which state that
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using technology in Project-Based Learning facilitates students in strategizing and plan-
ning solutions, especially on problems that require a strong conceptual understanding.

Regarding “executing the plan”, Experiment Group 1 also showed a significant in-
crease with an N-Gain Score of 53%, compared to Experiment Group 2, which only
reached 39% and the Control Group of 30%. This shows that integrating GeoGebra into
the learning model allows students to actively carry out planned problem-solving steps
more effectively. According to research conducted by [45] and [46], interactive tech-
nologies such as GeoGebra can help students implement strategies designed more sys-
tematically because they can evaluate and improve steps when experiencing difficul-
ties.

Finally, in the aspect of “looking back”, the N-Gain score in Experiment Group 1
reached 43%, slightly higher than that of Experiment Group 2 (37%) and the Control
Group (36%). If analyzed more deeply, the difference between Experiment 2 and Con-
trol Group was insignificant. This shows that implementing the learning model applied
in Experiment Group 2 does not have a more significant impact than the Conventional
model in improving students’ reflection skills. This almost non-existent difference in-
dicates that Experiment Group 2 and the Control Group have limitations in building
students’ reflective awareness. In Experiment Group 2, although students used technol-
ogy-based learning media, the lack of active involvement in pre-classroom activities
could cause low improvement in reflection aspects. This is in line with the findings of
[46], [47], which stated that technologies used only for passive consumption, such as
watching videos, are ineffective enough to increase students’ reflective engagement.
However, other research differs from this view, suggesting that integrating technology
in active learning activities can encourage reflective thinking and increase student en-
gagement in the learning process [48], [49].

Based on this, overcoming students' weaknesses at the "looking back" stage can be
done by integrating structured activities such as self-evaluation or reflective discussions
that encourage students to analyse work results, identify mistakes, and explore alterna-
tive solutions. In addition, interactive pre-learning activities, such as problem-solving
or group discussions, can help build students' active involvement from the start, im-
proving their reflection skills. In addition, [50] suggests involving students in peer-to-
peer feedback using guided reflection rubrics can increase reflective awareness and en-
rich the evaluation of work results through the perspective of peers.

Although the N-Gain score of Experimental Group 1 was in the "moderately effec-
tive" category and showed improved problem-solving skills, these results need to be
seen in the context of broader educational benchmarks. In some mathematics learning
standards, this magnitude improvement is sufficient to show progress but does not fully
reflect deep mastery. Ideally, a 70% figure reflects a significant improvement, thus in-
dicating the achievement of more comprehensive and structured problem-solving skills
[51]. Therefore, further development is still needed, such as strengthening the aspect of
looking back, strengthening in-depth exploration, and encouraging active student in-
volvement in each stage of learning. This effort is expected to increase the effectiveness
of GeoPjBL so that it can achieve more significant results and approach the expected
level of skill mastery.
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In contrast, the Conventional model in the Control Group does not provide much
opportunity for students to review and reassess the completion steps they have taken
independently. Without activities that encourage active reflection, both the models in
Experiment Group 2 and the Control Group were less successful in building students’
reflection skills, contributing to the low increase in N-Gain in both groups.

3.2 Comparison of Cohen’s d Effect-Size and Descriptive Statistics Results
Between Experiment and Control Groups

Table 4. Descriptive statistics test results based on the N-Gain score.

Experiment Group I Experiment Group II Control Group
Mean SD di Mean SD dz Mean SD
Al 290 0.7570  1.00 2.55  0.2559 0.71 2.09 0.6038
A2 3.10 0.4903 0.84 274  0.6645 0.38 241 0.8942
A3 2.87 0.5161 0.66 2.45 1.1402  0.11 234 0.8135
A4 2.68  0.6258 0.27 2.48  0.2581 0.04 245 09032
Note:
di : The effect size between Experiment Group 1 and the Control Group
d> : The effect size between Experiment Group 2 and the Control Group

Aspects

Table 4 presents a Descriptive Statistics and comparison of effect sizes for Experiment
Group 1 and Experiment Group 2, respectively, compared to the Control Group on four
aspects of problem-solving skills. Cohen’s d effect size measure is used to calculate the
difference in effectiveness between each Experiment Group and the Control Group
[52]. This measure provides an overview of the impact of this innovative learning
model in improving problem-solving skills compared to the Conventional model. The
interpretation of the effect size is based on the division of [53], where “Ignored” (0.0 —
0.2), “Small” (0.2 — 0.5), “Moderate” (0.5 — 0.8), “Large” (0.8 — 1.0), and “Very Large”
(=1.0).

In the aspect of “understanding the problem” (A1), Experiment Group 1 showed a
very large effect size (d; = 1.00), which indicates that the innovative learning model
applied has a significant impact on students’ understanding of the problems given. Pro-
ject-Based Learning encourages students to look at problems from different angles, un-
derstand the context, and formulate problems more critically [54], [55]. This is con-
sistent with research findings that show that Project-Based Learning can encourage stu-
dents to be more active in exploring problems and understanding the context before
formulating solutions [56], [57]. Experiment Group 2 also showed significant improve-
ment in this aspect, albeit with a lower effect size (d>=0.71). This means that the model
used is still effective but less intensive than the model in Experiment Group 1.

In the aspect of “making the plan” (A2), GeoPjBL also showed a large effect size
(d;=0.84), which confirms that this model is effective in helping students plan system-
atic solutions. The learning process applied in GeoPjBL allows students to work col-
laboratively to design a more mature and strategic completion plan. This is in line with
research that states that Project-Based Learning provides real experience in overcoming
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problems, which ultimately strengthens planning skills [58]-[60]. In contrast, Experi-
ment Group 2 only showed a moderate effect measure (d> = 0.38), suggesting that Pro-
ject-Based Learning without technology is less than optimal in helping students develop
planning skills.

In the aspect of “executing the plan” (A3), GeoPjBL shows a moderate effect size
(d;=0.66). In Project-Based Learning, students can usually try and execute their plans
directly. This approach allows them to test their understanding of concepts through real-
world implementation, which improves execution skills, although not as intensive as
aspects of understanding and planning. The small effect measure in Experiment Group
2 (d>=0.11) showed that Project-Based Learning without technology was ineffective
enough in helping students thoroughly implement the completion plan. Therefore, the
integration of technology in Project-Based Learning plays an important role in improv-
ing students’ skills to execute plans effectively [60].

For the last aspect, “looking back” (A4), GeoPjBL shows a small effect size (d; =
0.27), indicating that the reflection aspect has not been fully developed in Project-Based
Learning. Although students on GeoPjBL can look back on their work, deep reflection
requires time and longer habituation to be firmly embedded as a cognitive skill. This
indicates the need for integrating more explicit reflection elements in the project-based
learning model so that students are used to double-checking their solutions. According
to [61] and [62], the cognitive load experienced by students in completing complex
tasks can hinder deep reflection, mainly if they are not used to managing and reducing
the load independently. So, adding a structured reflection component in GeoPjBL can
allow students to evaluate and reinforce their strategies, reduce the extraneous load by
helping them recognize mistakes, and gradually improve their understanding.

3.3  The Proportion of Student Problem-Solving Skills Category in Each
Group

Table 5. Proportion of students’ problem-solving skills category.

EG1 EG2 CG

H M L H M L H M L
Al 58%  42% 0% 55% 45% 0% 34% 41% 25%
A2 81% 19% 0% 52% 48% 0% 34% 34% 32%
A3 68%  32% 0% 45% 55% 0% 44% 37% 19%
A4 45%  55% 0% 48% 52% 0%  50% 34% 16%

Note:

EG 1 : Experiment Group 1

EG 2 : Experiment Group 2

Aspects

CG : Control Group
H : High

M  :Medium

L : Low
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Based on Table 5, Experiment Group 1 shows a greater proportion of students in the
High category when compared to the other two groups. This is especially evident in the
A2 (81%) and A3 (68%) aspects. This shows that the learning model applied to Exper-
iment Group 1 significantly improves students’ problem-solving skills, especially in
planning and implementing solutions. These skills are a key element in problem-solv-
ing, supported by research [61]-[63] on the effectiveness of active and structured strat-
egies that reduce cognitive load.

On the other hand, Experiment Group 2 also showed a larger proportion of students
in the High category compared to the Control Group. Although not as strong as in Ex-
periment Group 1. This proportion indicates that although learning in Experimental
Group 2 can also improve students’ problem-solving skills, its effectiveness is slightly
lower than the model used in Experiment Group 1. The model applied to Experimental
Group 1 may provide more opportunities for students to interact with the material and
apply knowledge contextually, leading to greater improvements in higher-level skills.
Meanwhile, the Control Group showed a large proportion in the middle and low cate-
gories. This means that the Conventional model is less effective in facilitating the de-
velopment of optimal problem-solving skills. The proportion of students in the Low
category is quite significant, indicating that without a more structured Project-Based
Learning model, students’ problem-solving skills tend to be limited to a lower level.
This is in line with findings in the literature that show that a Project-Based Learning
model, with the support of the right tools, can increase student motivation and engage-
ment in learning [21], [57].

However, several studies contradict these findings. For example, research conducted
by [64] and [65] suggests that although PjBL provides a more contextual learning ex-
perience, the success of its implementation is highly dependent on the level of technical
support and teacher readiness. In their study, there was no significant improvement in
students' problem-solving skills when technology was used in PjBL learning. This sug-
gests that other factors, such as teacher training and clear task design, play a more im-
portant role in influencing student learning outcomes.

The findings of this study are important because they confirm the impact of techno-
logical developments in the field of mathematics education in the 21* century. Integrat-
ing technology can create an active and fun learning atmosphere for students [66]. In
addition, technology can help the teaching and learning process and clarify the message
conveyed to achieve better and perfect learning goals [45], [46]. Digital technology can
also be an innovative learning medium to support effectiveness and efficiency in math-
ematics learning [4], [25], [44]. Furthermore, digital technology can be combined with
various learning models or approaches, such as Project-Based Learning. The hope is to
make mathematics learning more meaningful. The study results confirm this. The group
with the GeoGebra-integrated Project-Based Learning had a higher average score than
the Project-based Learning (without using GeoGebra) and the Conventional models.

More specifically. integrating technology is an alternative way to overcome mathe-
matics’s “abstract” nature. Based on this. the abstract nature of mathematics makes it
difficult for students to solve mathematical problems [4]. Therefore, teachers must help
students visualize abstract mathematical concepts using GeoGebra technology to sup-
port their problem-solving skills. This is confirmed by previous studies conducted by



48 H. Nugroho et al.

[26], [45], [69], [70] that integration of GeoGebra technology can improve students’
problem-solving skills in mathematics. Thus, GeoGebra plays a central role in devel-
oping students’ problem-solving skills because it facilitates interactive visualization
and manipulation of geometric objects. Furthermore, the findings of this study are also
in line with several previous studies, such as research conducted by [71] which uses
GeoGebra-integrated Project-based Learning to improve students’ mathematical repre-
sentation skills [72], higher-order thinking skills , and creative thinking skills [21].
However, some studies show that although GeoGebra provides ease of visualization,
difficulties in connecting technology with concrete problem-solving strategies can limit
the results students achieve in some cases [73].

3.4 Implication

The findings of this study are expected to be useful for practitioners such as teachers in
innovatively optimizing students’ problem-solving skills during the mathematics learn-
ing process. In addition, they will serve as a reference for stakeholders or policymakers
in training teachers to design innovative and technology-oriented mathematics learning,
especially for mathematics education. This is an addition to the treasure of knowledge
and a research reference to welcome learning based on ICT in the 21% century.

3.5 Limitations and Suggestions for Further Research

The limitation of this study is the model used by GeoGebra-integrated Project-based
Learning. The circle topic selected only includes 1) Understanding the Elements of Cir-
cles, 2) Finding the Pi Value Approach, and 3) Finding the Circumference and Area of
Circles. The type of research used is a quasi-experimental quantitative research type
non-equivalent control group design. The test statistics are only the N-Gain Score, Co-
hen’s d Effect-Size, and Statistic Descriptive. Based on this, further research can be
developed such as 1) Using different and more innovative models, strategies, and ap-
proaches; 2) Varied media technologies; 3) Increasing comparative variables both as
independent variables (factors) and dependent variables; and 4) Increasing participants
and more complex mathematical topic. This research can also be elaborated more
deeply by examining students’ responses to integrating learning media, such as critical
thinking skills, motivation, interests, student activeness, etc. In addition, it is important
to consider long-term retention aspects in future research, namely how the skills ac-
quired by students can be maintained over a longer period of time after implementing
this learning model. Future research could also explore how the applied model can be
applied to a broader range of mathematical topics to provide its effectiveness in a wider
context.
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4 Conclusion

Based on the analysis of the N-Gain Score, integrating GeoGebra into Project-Based
Learning effectively improves students’ problem-solving skills in every aspect. In ad-
dition, based on the Descriptive Statistics and Cohen’s d Effect-Size test, implementing
the GeoGebra-integrated Project-based Learning model is better than the Project-Based
Learning without GeoGebra and the Conventional models. Future research can develop
innovative models for diverse topics and comparative variables, involve more partici-
pants, explore a wider range of student responses, and consider long-term retention of
the skills learned.
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