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analytic geometry This research aims to design project-based learning in
communication analytical geometry learning to develop students'
mathematical mathematical communication skills. This research is
project based learning motivated by the reluctance of the majority of students to

express their opinions during class learning. Project-based
learning was chosen because it has process-centered,
problem-focused characteristics, integrating the concepts of
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analytically characterizing parabolas, ellipses, and
hyperbolas, as well as example problems and exercises, are
all included in the learning videos. The video showed that
students could audio-visually express mathematical ideas
about conic slices, presenting in algebraic form or using
mathematical symbols. Through this project assignment,
students can also develop their digital literacy skills.
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Project-Based Learning in ...

Introduction

One of the most critical aspects of learning is mathematical communication. One
of the fundamental qualities students must possess is the capacity to convey ideas.
Mathematical communication allows students to explain mathematical ideas orally, in
writing, through drawings, diagrams, and objects, by presenting them in algebraic
form or by utilizing mathematical symbols (Chasanah et al., 2020; Graham & Fennell,
2001; Sumaiji et al., 2019; Tinungki, 2015). So far, the reality is that prospective teacher
students' mathematics abilities still need to improve (Tambunan, 2019; Yuniarti, 2016;
Hanisah & Noordyana, 2022).

In the initial observation in the analytical geometry class, it was found that some
students still had difficulty describing the known points of the rectangle in the
Cartesian diagram, as shown in the picture below.
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Figure 1. Student Difficulties

One of the indicators of mathematical communication, according to NCTM (2000), is
the ability to express mathematical concepts orally, in writing, and visually. This
picture shows that students' mathematical communication skills still need to improve.
Project-based learning in Analytical Geometry will be devised in this study to improve
students' mathematical communication. According to Widjayanti and Wahyudin,
problem-based collaborative lecture tactics outperform traditional lecture strategies in
building mathematical communication abilities (Deswita & Kusumah, 2018; Hariati et
al., 2022; Widjayanti, 2010).

The Project Based Learning paradigm is superior to traditional learning
(Anggraini & Wulandari, 2020; Santoso, 2017). This strategy can also help kids enhance
their creativity, motivation, and internal curiosity. It is also consistent with Shin's
(2018) belief that project-based learners generate concepts that have been taught and
apply them in the real world. Wulandari et al. (2022) found that project-based learning
considerably impacted learning. Project-based learning also increases student
motivation and participation in the classroom (Mughrabi, 2021).

In this study, project-based Learning will be designed as one of the methods to
make learning meaningful in analytical geometry. Project Based Learning was chosen
through process-centered, problem-focused characteristics, which integrate the
concepts of various knowledge components, disciplines, and field experience. The
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study is intended to foster meaningful Learning for prospective mathematics teacher
students in Analytical Geometry courses, allowing them to refine their creativity in
mathematical communication later on. Project-based Learning was created to help
students learn more effectively in analytical geometry classes. High social engagement
can also boost pupils' learning attentiveness (Masruroh et al., 2022). Based on the above
description, a study titled Project-Based Learning in Analytical Geometry Subjects in
Supporting Student Mathematical Communication will be done.

In mathematics, communication plays a significant role (Niss & Hojgaard, 2019;
Rusdi, 2019). Communication is an essential part of mathematics and mathematics
education. Communication is a way of sharing ideas and clarifying understanding.
Ideas become objects of reflection, refinement, discussion, and revision through
communication. Communication also helps establish meaning and permanence for
ideas and makes them public (Allen et al., 2020). a prospective mathematics teacher
should be able to communicate his/her mathematical thoughts orally and in writing
to his/her peers, lecturers, and others, with indicators of being able to (1)
Communicate their mathematical thoughts coherently and clearly to their peers,
lecturers, and others; (2) Use mathematical language to express their ideas
appropriately; (3) Manage their mathematical thoughts through communication; and
(4). Analyse and evaluate the mathematical thoughts and strategies of others.

Project-based learning is a problem-solving learning model that integrates
concepts from various components, including knowledge, disciplines, and field
experience. According to Lestari and Yudhanegara (2015), project-based learning has
three stages: 1. Phase of Project Planning: identifying real problems, researching
alternatives, devising problem-solving techniques, and planning are all part of the
planning process; 2. The phase of Project Implementation: During the implementation
phase, students are guided through assignments, product testing (evaluation), and
group presentations; 3. The phase of Project Evaluation: Process and product
assessment is included in the evaluation phase: project learning progress, actual
problem-solving process, team and individual performance progress, notebooks and
research notes, learning contracts, computer use, and reflection. At the same time, they
are assessing products such as work and presentations, non-written tasks, and project
reports.

This Analytical Geometry course includes the following projects are project
assignment: Create a learning film of a parabola, ellipse, or hyperbola. Goal: Students
are anticipated to be able to come up with new ideas and strengthen their mathematics
communication skills with this project assignment.

Research Method

This study uses qualitative research methods. This qualitative research utilized
a case study approach to investigate detailed information (Bassey, 2000; Chhetri, 2011)
and describe the subject and phenomena seen in depth using the data collected for
interpretation (Creswell, 2012). he study was conducted once a week on first-year
college students at Wisnuwardhana University in Malang in an analytical geometry
subject. The subjects were 11 college students enrolled in the Analytic Geometry class.
The selection of 11 subjects is due to heterogeneous abilities. Through this project, it is
hoped that students can discuss with each other to indirectly facilitate mathematical
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communication and the process of working on it. Data sources are the outcomes of
classroom observations, such as student project results, field notes, and interviews.
Compliance involves detecting real problems, identifying alternatives, developing
problem-solving solutions, and planning. Data were examined based on Project-Based
Learning phases and their impact on student creativity in problem-solving. Figure 2
depicts the stages of this research.

N
- Observation
- Site Selection and Research Subject Determination
I - Project Task Planning y
j
- Observation of the progress of student projects
- Product testing (evaluation)

II 7
process and product assessment, which includes: project learning progress, the g
actual problem-solving process, product assessment as in: work and

111 presentations, non-written assignments, and project reports. y
Figure 2. The Stages of This Research
The type of data and how to collect data are presented in Table 1.
Table 1. Data Types and Data Collection Methods
Data Types Data Collection Methods Description
Analytic Geometry Subjects were assigned to The participant was assigned the task
project assignment Project Task. of creating a learning video regarding
document cone slices.
. Recording images with video Images are used to record process
Picture . .
information.
During the lesson, we recorded The researcher takes field notes for
Field Notes data relating to the project analysis and reports findings.
assignment.

Finding and Discussion

This research is divided into three stages: Phase I Activities at this stage involve
observing the problems encountered by students in Analytical Geometry courses,
choosing research venues, and planning project assignments; Phase II activities
include progress monitoring and student project help; Phase III Activities include
process and product evaluation, which covers project learning progress and the actual
problem-solving process; product evaluation, which includes work and presentations,
non-written assignments, and reports.

The following are the findings from each step of the research:

Phase I

At this point, researchers conducted observations to identify barriers
encountered by students while learning in Analytical Geometry classes. Interviews
with lecturers teaching Analytical Geometry courses were also undertaken during the
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initial observation to validate the student challenges discovered. The following
information was obtained based on the observation findings.

1) 60% of pupils still need to share their thoughts when learning in class.

2) 75% of students still require assistance in articulating mathematical ideas.

To tackle these challenges, a project assignment was created so students in Analytical
Geometry courses might learn to explore and innovate to improve their
communication abilities. Students can also improve their digital literacy abilities with
this activity. The project prepared in the Analytical Geometry course is described in
Table 2 below.

Table 2. Project Assignment

Project Assignmet Goal

Create a learning video of conic wedges With this project assignment, students are expected to
using a parabola, ellipse, or hyperbola. develop their mathematical communication skills (drawing,
As an example, the circle has been writing and explaining mathematical expressions) and
discussed in class. improve their digital literacy skills.

Based on field observations, through the project process of making a learning video of
cone slices, it is hoped that students can discuss among friends so that their
communication is increasingly honed. This project shows how students express
mathematical ideas through writing and images and can interpret and evaluate
mathematical terms, notations, and graphs audio-visually. These are indicators of
mathematical communication skills, according to NCTM (Nashihah, 2020).

Phase II
The researcher observed the students' progress and project assistance at this
stage. The results obtained at this stage are the steps taken by students, namely:
1) Studying the tasks and project instructions in the video provided.
2) Collecting materials that will be presented in the project.
3) Arranging and assembling materials into learning videos.

Phase III
At this stage, researchers evaluated the results of student project products. The

following are some displays of student project product results.

1. Learning Video on Ellipse Material

E
-
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Figure 3. Ellipse Learning Video Display

In the Ellipse Video Figure above, students can explain the geometric definition of an
ellipse, then write, interpret, and use mathematical terms and notations in the ellipse
equation and describe the ellipse correctly. Based on NCTM (2000) on the indicators
of students' mathematical abilities and the results of student projects, it appears that
students' mathematical communication skills are getting smoother.

2. Learning Video on Hyperbola Material
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Hiperbola adeloh himpunen semua titik yong selisthmye jorak dori
dua titik tetep adaleh konstenta positif.

Due titik tetap disebut focus hiperbola, don hiperbole beroda di
pasisi standar jika focus berada pada sumbu x steu sumbu y dan
berjarak sama dari titik asal.

Jika focus terletak pada sumbu x dan saloh satu focus F; beroda
di (¢,0), ¢ » 0, maka focus F, lainnya berada di {-¢0)

| MATERI HIPERBOLA

Haperbola adalah himpunan semua titik yang selisshmys jerak dari
dua titik tetop adaloh kenstanta positif.

Dua titik tetap disebut focus hiperbola, don hiperbola berada di
posisi stendar jika focus berada pode sumby x ateu sumbu y dan
berjorak soma dari titik esal,

Jika focus terletak poda sumbu x den saloh satu focus F; berada
i (£,0), ¢ » 0, maka focus Fy kainnya berada di (-¢.0)

& Ketika y = 0, kita mempuuryai 1 = 9 atan x = £3. libersepuya adalah (1,0 dan {-,0)
yang dipho, kita shetsa pralik schagsi beikat

Figure 4. Hyperbola Learning Video Display

Students can write, interpret, and use mathematical terms and notations in hyperbola
equations, explain hyperbola analytically, and describe it correctly, as shown in the
hyperbola video image above. Students' mathematical communication skills are
getting better, according to NCTM (2000) and student project results.

3. Learning Video on Parabola Material
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Figure 5. Parabola Learning Video Display

Students can be seen explaining the definition of a parabola, writing,
interpreting, and using mathematical terms and notations in the parabola equation,
and accurately describing the parabola in the Parabola Video Figure above. According
to NCTM (2000) ata on student project outcomes and mathematical ability markers,
students' mathematical communication skills are improving.

Several appealing learning video designs on parabolas, ellipses, and hyperbolas
were discovered due to the project findings. Definitions, how to characterize
parabolas, ellipses, and hyperbolas analytically, and example problems and exercises
are all included in student videos. The video demonstrates how students can explain
mathematical ideas about cone slices by audio-visual representation, algebraic
representation, or mathematical symbols. This indicates that pupils were proficient in
mathematics communication. Mathematical communication skills include the ability
to convey mathematical ideas both orally and in writing, as well as the ability to
carefully, analytically, critically, and evaluatively understand and accept other
people's mathematical ideas (Firman et al., 2022; Lestari & Yudhanegara, 2015;
Noviarsyh Dasaprawira et al., 2019; Setivani et al., 2020). This is also consistent with
NCTM's (2000) definition of mathematical communication as a method for students to
express mathematical ideas orally, in writing, drawings, diagrams, utilizing objects,
presenting in algebraic form, or using mathematical symbols.

Students can improve their digital literacy skills by completing this project
work. Students use bandi.com, kinemaster, screencast o'matic, inshot, and other tools
to generate learning videos. Educational media is one form of stimulant for pupils to
engage in learning activities (Sudarsana et al., 2019).

Conclusion

The project in this research can stimulate creative thinking and mathematics
communication skills. The movie demonstrates how students can explain
mathematical ideas about cone slices audio-visually, algebraically, or through
mathematical symbols. This indicates that pupils were capable of effective
mathematical communication. This learning can also help them improve their digital
literacy.
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