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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 21st century. 

Keywords: Project-Based Learning, GeoGebra, Circle, Normalized Gain, 

Problem-Solving Skill. 

1 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 O1 T1 O2 

Experiment 2 O3 T2 O4 

Control O5 X O6 

 

Table 1 shows the research design. O1, O3, and O5 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 

CVI is 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. 2.  The Syntax of PjBL. 

 

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. 

Aspect 
Experiment Group 1 Experiment Group 2 Control Group 

M1 M2 N M1 M2 N M M2 N 

A1 1.13 2.90 62% 1.52 2.55 42% 1.56 2.09 22% 

A2 1.52 3.10 64% 1.06 2.74 57% 1.59 2.41 34% 

A3 1.58 2.87 53% 1.45 2.45 39% 1.63 2.34 30% 

A4 1.68 2.68 43% 1.58 2.48 37% 1.66 2.50 36% 

Average 1.48 2.89 56% 1.40 2.56 44% 1.61 2.34 31% 

Note: 

M1 and M2 : Pretest and Posttest 

N    : N-Gain Score 

A1    : 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 II, 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. 

Aspects 
Experiment Group I Experiment Group II Control Group 

Mean SD d1 Mean SD d2 Mean SD 

A1 2.90 0.7570 1.00 2.55 0.2559 0.71 2.09 0.6038 

A2 3.10 0.4903 0.84 2.74 0.6645 0.38 2.41 0.8942 

A3 2.87 0.5161 0.66 2.45 1.1402 0.11 2.34 0.8135 

A4 2.68 0.6258 0.27 2.48 0.2581 0.04 2.45 0.9032 

Note: 

d1     : The effect size between Experiment Group 1 and the Control Group 

d2     : The effect size between Experiment Group 2 and the Control Group 

 

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 (d1 = 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 (d2 = 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 

(d1 = 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 

Integrating GeoGebra into Project-Based Learning to Improve     45



   

problems, which ultimately strengthens planning skills [58]-[60]. In contrast, Experi-

ment Group 2 only showed a moderate effect measure (d2 = 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 

(d1 = 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 (d2 = 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 (d1 = 

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. 

Aspects 
EG 1 EG 2 CG 

H M L H M L H M L 

A1 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 

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 21st 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 
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[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 21st 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. 

Acknowledgments. The authors would like to thank Yogyakarta State University, MTs Mu’al-

limin Muhammadiyah Yogyakarta, and all parties who have contributed to implementing the 

research. 

References 

1. Özerem, A.: Misconceptions in Geometry and Suggested Solutions for Seventh Grade 

Students. Procedia - Social and Behavioral Sciences 55(1), 720–729 (2012) 

2. Jacobs, H. R.: Geometry: Seeing, Doing, Understanding. W.H. Freeman and Co. New York 

(2003) 

3. Drezner, Z., Steiner, S., Wesolowsky, G. O.: On the Circle Closest to a Set of Points. 

Computers and Operations Research 29(6), 637–650 (2002) 
4. Nugroho, H., Ishartono, N., Agustiani, R., Fitriani, N.: Integrating Adobe Flash Professional 

CS6 into Ethnomathematics-based Learning Media to Improve Students’ Understanding of 

Math. In the 7th Progressive and Fun Education International Conference 2023, vol 2926, 

pp 1–20. AIP Conference Publishings (2025) 

5. Bhagat, K. K., Chang, C. Y.: Incorporating GeoGebra into Geometry Learning-A lesson 

from India. Eurasia Journal of Mathematics, Science and Technology Education 11(1), 77–

86 (2015) 

6. Istiqomarie, N., Mulyono, B.: Design of Google Site-based Learning Media for Circle 

Material to Support Critical Thinking Skills. Al-Jabar: Jurnal Pendidikan Matematika 14(2), 

527–544 (2023) 

7. Polya, G.: Mathematical methods in science. Cambridge University Press. Cambridge 

(1977) 

8. Capraro, M. M., An, S. A., Ma, T., Rangel-Chavez, A. F., & Harbaugh, A.: An investigation 

of preservice teachers’ use of guess and check in solving a semi open-ended mathematics 

problem. Journal of Mathematical Behavior 31(1), 105–116 (2012) 

9. Yapatang, L., Polyiem, T.: Development of the Mathematical Problem-Solving Ability Us-

ing Applied Cooperative Learning and Polya’s Problem-Solving Process for Grade 9 Stu-

dents. Journal of Education and Learning 11(3), 40–46 (2022) 

10. Coşkun, Y. D., Garipağaoğlu, Ç., Tosun, Ü.: Analysis of the Relationship between the Re-

siliency Level and Problem Solving Skills of University Students. Procedia - Social and 

Behavioral Sciences 114, 673–680 (2014) 

Integrating GeoGebra into Project-Based Learning to Improve              49



   

11. Walle, V. de, A., J., Karp, K. S., Bay-Williams, J. M.: Elementary and middle school math-

ematics. Pearson Education Canada. Toronto (2014) 

12. Krajcik, S., J., Blumenfeld, P. C.: Project-Based Learning. In the Cambridge Handbook of 

the Learning Sciences, pp 317–334. Cambridge University Press. Cambridge (2006) 

13. Kokotsaki, D., Menzies, V., Wiggins, A.: Project-based learning: A review of the literature. 

Improving Schools 19(3), 267–277 (2016) 

14. Almulla, M. A.: The Effectiveness of the Project-Based Learning (PBL) Approach as a Way 

to Engage Students in Learning. SAGE Open 10(3), 1–13 (2020) 

15. Trisdiono, H., Siswandari, S., Suryani, N., Joyoatmojo, S.: Development of Multidisiplin 

Integrated Project-Based Learning Model To Improve Critical Thinking and Cooperation 

Skills. JPI (Jurnal Pendidikan Indonesia) 8(1), 9–21 (2019) 

16. Sumarni, W., Kadarwati, S.: Ethno-stem project-based learning: Its impact to critical and 

creative thinking skills. Jurnal Pendidikan IPA Indonesia 9(1), 11–21 (2020) 

17. Mary, M., Anastasia, A.: Supporting Student Self-Regulated Learning in Problem and Pro-

ject-Based Learning. Interdisciplinary Journal of Problem-Based Learning 7(2), 127–150 

(2013) 

18. Lee, D., Huh, Y., Reigeluth, C. M.: Collaboration, intragroup conflict, and social skills in 

project-based learning. Instructional Science 43(5), 561–590 (2015)  

19. Latifah, N., Fauzia, U., Kelana, J. B.: Natural Science Problem Solving in Elementary 

School Students Using the Project Based Learning (PjBL) Model. Jurnal Ilmiah Sekolah 

Dasar 4(4), 596–603 (2020) 

20. Kholid, M. N., Pradana, L. N., Maharani, S., Swastika, A.: Geogebra In Project-Based 

Learning (Geo-Pjbl): A Dynamic Tool For Analytical Geometry Course. Journal of Tech-

nology and Science Education 12(1), 112–120 (2022)  

21. Wiyanti, A. I., Hadi, W.: The Effect of The GeoGebra-Based Project Based Learning (PjBL) 

Model on the Creative Thinking Ability of Junior High School Students. Prisma Sains. 

Jurnal Pengkajian Ilmu Dan Pembelajaran Matematika Dan IPA IKIP Mataram 11(3), 805-

815 (2023) 

22. Hohenwarter, M., Hohenwarter, J., Kreis, Y., Lavicza, Z.: Teaching and calculus with free 

dynamic mathematics software GeoGebra. In 11th International Congress on Mathematical 

Education, pp 1–9. Monterrey, Mexico (2008) 

23. Nugroho, H., Septianisha, N. I.: Improving Students’ Mathematical Representation Skills in 

Systems of Linear Equations in Two Variables Through Geogebra-Based STEM Ap-

proaches: A Quasi-Experimental Study. Jurnal Pendidikan Matematika Dan IPA 16(1), 67–

81 (2025) 

24. Nugroho, H.: Pendekatan stem berbantuan geogebra pada materi SPLDV untuk meningkat-

kan representasi matematis. Jurnal Ilmiah WUNY 6(1), 50–62 (2024) 

25. Zengin, Y., Furkan, H., Kutluca, T.: The effect of dynamic mathematics software geogebra 

on student achievement in teaching of trigonometry. Procedia - Social and Behavioral Sci-

ences 31(2011), 183–187 (2012) 

26. Orozco, C., Morales-Morgado, E. M.: Geometric representations built with geogebra for 

improving the visualization and reasoning cognitive process. Journal of Information Tech-

nology Research 10(1), 39–58 (2017) 

27. Arbain, N., Shukor, N. A.: The Effects of GeoGebra on Students Achievement. Procedia - 

Social and Behavioral Sciences 172(2007), 208–214 (2015) 

50             H. Nugroho et al.



   

28. Handayani, E. D., Kusnawati, E., Sari, N. M., Yaniawati, P., Zulkarnaen, M. I.: Implemen-

tation of geogebra-assisted creative problem-solving model to improve problem solving 

ability and learning interest students. Al-Jabar : Jurnal Pendidikan Matematika 13(1), 33–48 

(2022) 

29. Türkoğlu, H., Yalçınalp, S.: Investigating problem‑solving behaviours of university students 

through an eye‑tracking system using GeoGebra in geometry: A case study. Education and 

Information Technologies 29(12), 15761–15791 (2024) 

30. Muchlis, E. E., Priatna, N., Herman, T., Juandi, D.: Geogebra-Assisted Inductive Reasoning 

in Project-Based Learning Through a Web-Based System. Journal of Engineering Science 

and Technology 18, 224–238 (2023) 

31. American Psychological Association Homepage, https://www.apa.org/ethics/code, last ac-

cessed 2024/06/25 

32. Forehand, M.: Bloom’s Taxonomy: Original and revised. In Emerging Perspectives on 

Learning, Teaching, and Technology, pp 41–44. CreateSpace Independent Publishing Plat-

form, Switzerland (2010) 

33. Lukman, H. S., Setiani, A., Agustiani, N.: Pengembangan Instrumen Tes Kemampuan 

Pemecahan Masalah Matematis Berdasarkan Teori Krulik dan Rudnick: Analisis Validitas 

Konten. Jurnal Cendekia: Jurnal Pendidikan Matematika 7(1), 326–339 (2023) 

34. McHugh, M. L.: Lessons in biostatistics interrater reliability : the kappa statistic. 

Biochemica Medica 22(3), 276–282 (2012) 

35. Aiken, L. R.:Three Coefficients foe Analyzing The Reliability, and Validity of Ratings. 

Educational and Psychological Measurement 45(1), 131–142 (1985) 

36. Ishartono, N., Razak, R. binti A., Kholid, M. N., Arlinwibowo, J., Afiyah, A. N.: Integrating 

Steam into Flip Flop Model to Improve Students’ Understanding on Composition of 

Functions During Online Learning. Infinity Journal 13(1), 45–60 (2024) 

37. RStudio: Integrated development for R Homepage, https://posit.co/download/rstudio-

desktop/, last accessed 2024/06/05 

38. Weinhandl, R., Lavicza, Z., Hohenwarter, M., Schallert, S.: Enhancing Flipped Mathematics 

Education by Utilising GeoGebra. International Journal of Education in Mathematics, 

Science and Technology 8(1), 1–15 (2020) 

39. Hake, R. R.: Analyzing change/gain scores. American Educational Research Assciation’s 

Division D. Measurement and Research Methodology 1(1), 1–4 (1999) 

40. Saha, R. A., Ayub, A. F. M., Tarmizi, R. A.: The effects of GeoGebra on mathematics 

achievement: Enlightening Coordinate Geometry learning. Procedia - Social and Behavioral 

Sciences 8(5), 686–693 (2010) 

41.  Zulnaidi, H., Oktavika, E., Hidayat, R.: Effect of use of GeoGebra on achievement of high 

school mathematics students. Education and Information Technologies 25(1), 51–72 (2020) 

42. Negara, H. R. P., Wahyudin, W., Nurlaelah, E., Herman, T.: Improving Students’ 

Mathematical Reasoning Abilities Through Social Cognitive Learning Using GeoGebra. 

International Journal of Emerging Technologies in Learning 17(18), 118–135 (2022) 

43. Ishartono, N., Nurcahyo, A., Waluyo, M., Prayitno, H. J., Hanifah, M.: Integrating 

GeoGebra into the flipped learning approach to improve students’ self-regulated learning 

during the covid-19 pandemic. Journal on Mathematics Education 13(1), 69–86 (2022) 

44. Santos-trigo, M., Barrera-mora, F.: Teachers ’ Use of Technology Affordances to 

Contextualize and Dynamically Enrich and Extend Mathematical Problem-Solving 

Integrating GeoGebra into Project-Based Learning to Improve           51

https://posit.co/download/rstudio-desktop/
https://posit.co/download/rstudio-desktop/


   

Strategies. Mathematics 9(8), 1–21 (2021) 

45. Jelatu, S., Sariyasa, S., Ardana, I. M.: Effect of GeoGebra - Aided REACT Strategy on 

Understanding of Geometry Concepts. International Journal of Instruction 11(4), 325–336 

(2018) 

46. Mitrovic, A., Dimitrova, V., Weerasinghe, A., Lau, L. M. S.: Reflective Experiential 

Learning : Using Active Video Watching for Soft Skills Training. In 24th International 

Conference on Computers in Education. India: Asia-Pacific Society for Computers in 

Education,  pp 1-11. Mumbai, India (2016) 

47. Torres, D., Pulukuri, S., Abrams, B.: Embedded Questions and Targeted Feedback 

Transform Passive Educational Videos into Effective Active Learning Tools. Journal of 

Chemical Education 99(7), 2738–2742 (2022) 

48. Wang, H.: What works and what does not: A reflective practice on an online mathematics 

class. Mathematics Teaching-Research Journal 13(1), 16–30 (2021) 

49. Tanyeri, T., Özçınar, H.: Technologies for supporting reflective thinking. Trakya University 

Journal of Education 2(2), 84–93 (2012). 

50. Oikarinen, R. M., Oikarinen, J. K., Havu-Nuutinen, S., Pöntinen, S.: Students’ collaboration 

in technology-enhanced reciprocal peer tutoring as an approach towards learning 

mathematics. Education and Information Technologies 27(6), 7519–7548 (2022) 

51. Montague, M., Krawec, J., Enders, C., Dietz, S.: The effects of cognitive strategy instruction 

on math problem solving of middle-school students of varying ability. Journal of 

Educational Psychology 106(2), 469–481 (2014) 

52. Peng, C. J., Chen, L.: Beyond Cohen ’ s d : Alternative Effect Size Measures for Between-

Subject Designs. Journal of Experimental Education 82(1), 22–50 (2015) 

53. Morgan, G. A., Leech, N. L., Gloeckner, G. W., Barrett, K. C.: SPSS for Introductory 

Statistics: Use and Interpretation. 2nd edn. Psychology Press, New York (2004) 

54. Faozi, A. K. A., Hobri, Fatekurohman, M., Aini, K., Yuniar, D.: Student’s problem solving 

abilities in Project Based Learning (PjBL) based on Learning Community (LC). Journal of 

Physics: Conference Series 1538(1), 1–12 (2020) 

55. Benzer, E., Şahin, F.: The effect of project based learning approach on undergraduate 

students’ environmental problem solving skills. Elementary Education Online 12(2), 383–

400 (2013) 

56. Rohmah, N. S., Suryaningtyas, W., Holisin, I.: Implementation of the STEM-GeoGebra 

Integrated PjBL Model to Improve Student’s Critical Thinking Skills. Jurnal Pendidikan 

Matematika 14(2), 123–134 (2023) 

57. Hung, C. M., Hwang, G. J., Huang, I.: A project-based digital storytelling approach for 

improving students’ learning motivation, problem-solving competence and learning 

achievement. Educational Technology and Society 15(4), 368–379 (2012) 

58. Priatna, N., Lorenzia, S. A., Widodo, S. A.: STEM education at junior high school 

mathematics course for improving the mathematical critical thinking skills. Journal for the 

Education of Gifted Young Scientists 8(3), 1173–1184 (2020) 

59. Chen, P., Chan, Y.-C.: Enhancing Creative Problem Solving in Postgraduate Courses of 

Education Management Using Project-Based Learning. International Journal of Higher 

Education 10(6), 1–11 (2021) 

60. Kiong, T. T., Rusly, N. S. M., Hamid, R. I. A., Singh, C. K. S., Hanapi, Z.: Inventive 

Problem-Solving in Project-Based Learning on Design and Technology: A Needs Analysis 

52             H. Nugroho et al.



  

for Module Development. Asian Journal of University Education 18(1), 271–278 (2022) 

61. Sweller, J.: Element Interactivity and Intrinsic, Extraneous, and Germane Cognitive Load. 

Educational Psychology Review 22(2), 123–138 (2010) 

62. Sweller, J.: Evolution of human cognitive architecture. Psychology of Learning and 

Motivation 43(1), 215–266 (2003) 

63. Sweller, J.: Cognitive load theory, learning difficulty, and instructional design. Learning and 

Instruction 4(4), 295–312 (1994) 

64. Han, S., Yalvac, B., Capraro, M. M., Capraro, R. M.: In-service teachers’ implementation 

and understanding of STEM project based learning. Eurasia Journal of Mathematics, 

Science and Technology Education 11(1), 63–76 (2015) 

65. Tucker, C. B., Byrd, K. O., Gossen, D., Morrison, K.: Teacher Self-Efficacy and 

Preparedness for Integrating STEM Education Using a Project-Based Learning Approac. 

Journal of Research in Science, Mathematics and Technology Education 7(1), 43–59  (2024) 

66. Mourlam, D. J., DeCino, D., Newland, L., Strouse, G.: It ’ s fun !” Using students ’ voices 

to understand the impact of school digital technology integration on their well-being. 

Computers & Education 159(1), 1–55 (2020) 

67. Bourbour, M.: Using digital technology in early education teaching : learning from teachers’ 

teaching practice with interactive whiteboard. International Journal of Early Years 

Education 31(1), 269–286 (2023) 

68. Clark, A., Ornella, W., Mike, R.: Teaching with digital technology. ZDM 52(7), 1223–1242 

(2020) 

69. Suratno, J., Waliyanti, I. K.: The Integration of GeoGebra in Problem-Based Learning to 

Improve Students’ Problem-Solving Skills. International Journal of Research in 

Mathematics Education 1(1), 63–75 (2023) 

70. Kim, K. M., Md-ali, R.: GeoGebra : Towards Realizing 21 st Century Learning in 

Mathematics Education. Malaysian Journal of Learning and Instruction 1(1), 93–115 (2017) 

71. Septian, A., Darhim, Prabawanto, S.: Mathematical representation ability through geogebra-

assisted project-based learning models. Journal of Physics: Conference Series 1657(1), 1–

11 (2020) 

72. Suherman, Prananda, M. R., Proboningrum, D. I., Pratama, E. R., Laksono, P., Amiruddin.: 

Improving Higher Order Thinking Skills (HOTS) with Project Based Learning (PjBL) 

Model Assisted by Geogebra. Journal of Physics: Conference Series 1467(1), 1–10 (2020) 

73. Ocal, M. F.: The Effect of Geogebra on Students’ Conceptual and Procedural Knowledge: 

The Case of Applications of Derivative. Higher Education Studies 7(2), 67–79 (2017) 

Integrating GeoGebra into Project-Based Learning to Improve             53



   

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

54             H. Nugroho et al.

http://creativecommons.org/licenses/by-nc/4.0/

	Integrating GeoGebra into Project-Based Learning toImprove Students’ Problem-Solving Skill on Circle Topic



