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Abstract

Problem-Based Learning (PBL) is an instructional model that uses authentic
problems. Integrating PBL with GeoGebra promotes active engagement and
exploration of mathematical concepts. It also helps develop creativity and supports
the use of critical thinking skills in problem solving. This combined approach leads
to a more comprehensive understanding of mathematics. Effective implementation
requires a structured strategy. Instructional tools must be accessible to both teachers
and students throughout the process. This study aims to identify and describe the
practicality of student worksheets (LKPD). The research method used in this study
is Research and Development (R&D), following the ADDIE model. Although the
ADDIE model consists of 5 stages, this research only consists of 3 stages, namely
the analysis, design stages and development stages, as it aims to describe the
practicality of the instructional tools. Practicality was carried out by teachers and
students. The results showed that the device, on average, received a positive
response from students and teachers. These instructional tools are designed for
Grade XI senior high school students. The practicality results indicate that LKPD
also received an excellent rating across all assessed aspects. Therefore, the LKPD
1s deemed suitable to improve the mathematical concept understanding of students.

Keywords: linear program, mathematical conceptual understanding, problem-
based learning, worksheets

Introduction

Mathematics serves as a foundational discipline that underpins the progress
of various scientific fields. Mathematics is a discipline that serves as a tool for
solving various problems encountered in daily life. Its development has been
closely linked to other sciences, which rely on mathematical concepts to facilitate
their advancement. Along with the advancement of science and technology,
mathematics plays a crucial role in fostering systematic, critical, and logical
thinking. Therefore, it is expected to be one of the most accessible and
understandable subjects for students (Ernest et al, 1991; Resnick & Ford, 2012).
According to Permendiknas No 22 of 2006 (Kementerian Pendidikan Nasional
Republik Indonesia, 2006), the aim of learning mathematics is for students to grasp
mathematical concepts, explain the relationships between them, and apply them or
the relevant algorithms effectively, accurately, and efficiently in problem-solving
situations.
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One important aspect of achieving this goal is students’ conceptual
understanding, which refers to their ability to master and meaningfully apply
various mathematical concepts (Nurdin et al., 2019; Suraji et al., 2018; Zetriuslita
et al., 2025). This means that students not only understand the concepts being
studied but can also express them in different, easily understandable forms (Septiadi
& Wahidah, 2022). Furthermore, there are several indicators of conceptual
understanding that students are expected to master: 1) restating a concept; 2)
classifying specific characteristics; 3) providing examples; 4) representing
concepts; and 5) applying concepts to solve problems (Faizah, 2019). Despite the
recognized importance of conceptual understanding, recent assessments indicate a
gap in students’ actual performance, as shown in the PISA results. The PISA
assessment emphasizes reading, writing, and mathematics accuracy, focusing on
students' competencies and skills that can be applied in everyday life (OECD,
2009). The components of the PISA questions require the ability to reason,
understand mathematical concepts, make estimations, and then express these in
numerical form while performing calculations mentally (OECD, 2013), where
Indonesia ranked 73rd out of 80 participating countries in the mathematics
category, with an average score of 379. In contrast, China ranked first with an
average score of 591 (Wulaningsih et al., 2021). This indicates that students in
Indonesia struggle with mathematics. The low mathematical proficiency among
students can be attributed to various internal and external factors. The external
factors are the choice of learning tools and the strategies used in educational
materials.

Learning tools guide teachers in conducting lessons and act as benchmarks
for implementing the learning process (Angraini et al., 2021). According to
Ariawan and Putri (2020), learning tools are resources that teachers and students
can utilize during teaching and learning. One of the learning tools focused on in this
research is worksheets. According to Wati & Haryati (2017), the integration of
worksheets into the learning process enables students to demonstrate their abilities
and skills while fostering the development of critical thinking through activities
such as inquiry, hypothesis generation, and logical reasoning. Worksheets provide
a series of activities in the form of theoretical and practical steps that facilitate
independent learning and help students understand the material (Aprilianti & Astuti,
2020). Furthermore, the use of worksheets contributes to an effective learning
process, stimulates students’ interest, fosters curiosity to enhance motivation, and
improves their problem-solving ability (Pratiwi, 2021). Based on the results from
the researcher's interview with a mathematics teacher at the school revealed several
issues regarding the current worksheets. These issues include: 1) There is no
evidence that worksheets that incorporate GeoGebra software technology are being
utilized at the school. 3) The available worksheets contain only a summary of the
material and practice questions, without any completion guidance provided. 4) The
existing worksheets are limited to a few topics and are infrequently used due to time
constraints and the excessive time required to complete them.

The issues surrounding worksheets have hindered students' understanding of
mathematical concepts. Therefore, it is essential to implement a suitable learning
model to assist students in grasping these concepts. One effective alternative is the
PBL model. According to Saleh et al (2020), problem-based learning is an
instructional approach in which students engage with real problems and apply
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scientific methods to develop solutions. Worksheets can be designed to incorporate
the principles of PBL. This model encourages students to "learn how to learn" by
collaborating in groups to find solutions to real-life challenges (Ariawan & Putri,
2020). Problem-based learning stimulates students to face and solve problems. As
Kotto et al. (2022) showed, this approach requires students to think critically,
reason, communicate, seek, analyze facts, and draw conclusions. To facilitate these
skills, teachers present relevant problems, encouraging reasoning through group
discussions. In this way, PBL lets students demonstrate critical thinking, reasoning,
and share ideas. Furthermore, according to Alfiah et al. (2021), problem-based
learning starts with contextual problems, centers on students, builds understanding,
and fosters discussion. The advantages of the PBL model include making learning
more meaningful, fostering student independence, enhancing students' creative
thinking, and improving their understanding of concepts (Sinaga et al., 2021).
Additionally, PBL can actively contribute to improving learning outcomes and
students' comprehension of concepts and attitudes towards learning (Zetriuslita &
Andrian, 2019).

While the PBL model has the potential to enhance students' understanding of
mathematical concepts, its effectiveness has certain limitations. Therefore, it is
crucial to improve this approach by incorporating innovative media, such as
GeoGebra software, as learning resources. GeoGebra is a tool that enables users to
create simple representations of mathematical objects, making it easier to discover,
solve, and visualize ideas they already have (Zetriuslita et al., 2021). Using PBL
models supported by computer technology actively engages students and allows
them to explore various mathematical concepts. This method promotes creativity
and integrates critical thinking skills, enabling students to grasp the material
independently. Furthermore, GeoGebra is particularly effective for visualizing and
demonstrating mathematical concepts, especially in geometry and algebra
(Zetriuslita et al., 2020; Nur’aini et al., 2017).

Consequently, the use of GeoGebra can facilitate understanding of
mathematical concepts, as it supports the application of indicators of
comprehension, including the presentation of concepts in different mathematical
forms, such as graphs and tables. Supporting this, research conducted by Wahyuni
and Rahmadhani (2020) indicates that learning mathematics using the GeoGebra-
assisted PBL model is more engaging than the standard PBL model without
GeoGebra. This approach enhances students' understanding of mathematical
concepts. The researcher chose to focus on linear programming, as this material
highlights the concept of optimizing values, which can be effectively illustrated
using GeoGebra software. Furthermore, linear programming aligns well with the
indicators for assessing the ability to understand mathematical concepts, which can
be promoted through PBL models alongside GeoGebra. Based on the description
above, the development of problem-based learning (PBL) model devices assisted
by GeoGebra plays a crucial role in enhancing students' understanding of
mathematical concepts. The purpose of this study is to evaluate the practicality of
student worksheets based on PBL models supported by GeoGebra, specifically
aimed at facilitating students' understanding of mathematical concepts related to
linear program.
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Method

This research is a development study that aims to produce and test the
practicality of worksheets with a problem-based learning model assisted by
GeoGebra to enhance the understanding of mathematical concepts. The
development used in this study is an ADDIE model consisting of analysis, design,
development, implementation, and evaluation (Hawa, 2021). Educational
practitioners develop ADDIE models in developing training or learning program
tools and infrastructure that are effective, dynamic, and support the learning process
(Branch, 2009; Molenda, 2003; Junaedi, 2019). In this research, it only reached 4
stages: the analysis stages, design stages and development stages, and
implementation stages. The analysis stage starts with analysis, including problem
analysis of worksheets and need analysis of curriculum, competencies, and
indicators. The design stage aims to produce an initial draft of worksheets, teacher,
and student response questionnaires. At the development stage, validation is carried
out with a very valid category, and in this study, furthermore, the validity of student
worksheets was tested on a limited class XI SMAN 1 Bangkinang to determine the
effectiveness and practicality. This research is limited only to the development
stage, where this study only discusses the practicality of the worksheets.

The practicality of the developed student worksheets was evaluated based on
the results of the student response questionnaire and observations of the learning
implementation. The data collection technique was carried out using a teacher and
student response questionnaire. The data analysis technique used to measure the
practicality of worksheet use involves tabulating results. The criteria consist of very
practical, practical, practical enough, less practical, and not practical (Riduwan &
Akdon, 2013) as follows:

Pzzx 100%
N

The results obtained are interpreted using the criteria according to the modification
Riduwan & Akdon (2013), as in the following table.

Table 1. Practical Criteria

Score (%) Validity Level
80 <P <100 Very Practical
60 <P <80 Practical
40<P <60 Practical enough
20<P <40 Less Practical

0<P<20 Not Practical

Findings and Discussion

The practicality of the student worksheets that have been developed was
obtained from the student response questionnaire. The practicality test of the
student worksheets was carried out on 30 students in a class. The results of the
questionnaire analysis of the practicality test can be seen in Table 2.
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Table 2. Average Results of Student Questionnaire on the Worksheet

Percentage of

No. Indicators XE?;S}:E; " Average Category
1 2 3

1  This worksheet helps me 83,33 87,00 90,38 86,90 Very
solve mathematical Practical
problems presented as real-
life word problems

2 This worksheet facilitates 81,48 82,00 88,48 83,98 Very
my understanding of the Practical
material being studied

3 The instructions for using 86,11 89,00 91,34 88,81 Very
GeoGebra in this worksheet Practical
are clearly understandable

4 The combination of solving 85,18 86,00 84,61 85,26 Very
problems through Practical
conventional methods and
GeoGebra enables me to
better understand the
concept of linear
programming

5  The integration of 83,33 83,00 88,46 84,93 Very
GeoGebra software in this Practical
student worksheet increases
my motivation and
enthusiasm for learning

6  The language used in the 83,33 85,00 87,50 85,27  Practical
student worksheets is easily
comprehensible.

7  The practice questions in 89,81 86,00 93,26 89,69 Very
this worksheet are aligned Practical
with the material presented

8  The dimensions of the 86,11 86,00 91,34 87,81 Very
images, the font, and the Practical
color scheme in this student
worksheet are appropriate,
which facilitates readability

9  The color scheme and 87,96 90,00 93,26 90,40 Very
design of the worksheets Practical
are appropriate, which
increases my interest in
learning and practicing the
problems

10 The student worksheet has 86,11 86,00 87,50 86,53 Very
an appealing design that Practical

encourages reading
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11 The allocated time is 81,48 86,00 88,46 85,31 Very
adequate for completing the Practical
questions in the student
worksheets

12 The use of GeoGebra 88,89 88,00 87,50 88,13 Very
software helps me check the Practical

correct answers to linear
programming problems

Average (%) 86,91

Very
Practical

Table 3. Results of Questionnaire Analysis of Student Responses to LKPD

Percentage Validity (%) Average
Pert-1 Pert2 Pert3 Vaz};d)lty Validity Level
0
85.26 86.16 89.34 86.92 Very Practical
Total Average (%) 86.92 Very Practical

Based on the results of the study, as shown in Tables 2 and 3, the worksheets
using the PBL model assisted by GeoGebra to enhance mathematical conceptual
understanding received positive responses from students. This can be seen from the
average results of the responses that give “very practical” for each indicator. This
indicates that students are more motivated to learn with the PBL model integrated
with GeoGebra. This is in line with research conducted by Asmiati et al. (2020),
which shows that by developing learning tools that include student worksheets with
the PBL model assisted by GeoGebra, the practicality results from the teacher
response questionnaires form were very good, indicating that the learning tools are
practical to be implemented in schools. Further research indicates that the student
worksheet assisted by GeoGebra demonstrates practicality, as evidenced by data
from student, teacher questionnaire form, and observation sheets (Nurlisna et al,
2019). Other research findings indicate that the development of GeoGebra-based
worksheets using the PBL model, as shown in the practicality test, received positive
responses from students. They found the worksheets engaging, easy to understand,
and encouraging more active participation in the learning process (Astuti et al.,
2025). Based on the above findings as well as previous studies, it can be concluded
that the student worksheet is practical and feasible to be implemented in schools.

Conclusion

Based on the analysis of the research data, the practicality results from the
students' response questionnaire are highly positive. The student worksheets with
the Problem-Based Learning model assisted by GeoGebra are very practical in
enhancing mathematical conceptual understanding abilities. The student
worksheets have been demonstrated to be valid and practical across all evaluation
aspects. These student worksheets are suitable for high school students in XI in
linear program subjects. However, this research only involved practicality from
student response questionnaires and validation from experts in another research.
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