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Abstract. One of Indonesia Curriculum 2013 learning principles is learning that prioritizes culture
and the empowerment of students. The culture of certain societies contains a mathematical concept
known as ethnomathematics. One of the many mathematical materials found in ethnomathematics is
trigonometry. However, in reality, students have difficulty mastery of trigonometry material. So far,
ethnomathematics-based learning tools in Aceh traditional houses as an application of trigonometry
are not yet available. Therefore, it is necessary to develop ethnomathematics-based learning tools.
This study aims to develop an ethnomathematics-based trigonometry project worksheet through the
Project-Based Learning model that met the valid criteria. This research refers to the Plomp
development model, which consists of preliminary research and a prototyping stage. This study's
instruments were needs analysis sheets, validation sheets, observation sheets, and response
questionnaires. The results showed that the developed Project Worksheet met the valid criteria
because all validators stated that the project worksheet was fit for use.

1. Introduction

Leaming tools are one of the supports that must be considered in the learning process. One form of learning
tools discussed in this study is a project worksheet. It is in line with the Regulation of the Minister of
Education and Culture (Permendikbud) in 2016, which states that every educator is required to prepare a
complete and systematic Learning Plan so that learning takes place in an interactive, inspiring, fun, and
independent manner [ 1]. Permendikbud No. 81 A, part [V states that academic unit study materials contain
local learning content related to local potential and uniqueness to shape learners' understanding. Developing
local content is carried out as an independent subject or integrated into other subjects [2].

Trigonometry is one of the materials studied in Senior High School. Trigonometry material is reflected
in life icons [3], one of which is the civilization of Acehnese cultural life, namely the building of Acehnese
traditional houses, that is Krong Bade. The construction of traditional Aceh houses made by craftsmen has
applied the building's equilibrium, which stands firmly due to the correct relationship between the angles
associated with the sides' length [4].

The culture of a particular society which contains mathematical concepts is called ethnomathematics.
One of the cultural-based mathematics learning approaches is ethnomathematics [5, 6]. Ethnomathematics
grows and develops in Indonesia as an alternative in developing mathematics learning tools, which still tend
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to be conventional and less contextual [7]. In general, ethnomathematics is a science studied with culture or
cultural anthropology from mathematics and mathematics education that develops following society's
development [ 8].

PjBL (Project Based Learning) is a learning model that uses broad problems to collect and integrate new
knowledge based on experiences in real activities. It is hoped that PjBL becomes a useful model for
engaging students with relevant learning so that participant's students gain meaningful understanding [9].
Trigonometry is a material with a relationship from high school senior education to the next level of
education, so senior high school students need to master trigonometry material [10]. Based on the
preliminary study, the learning process was not involved contextually in understanding trigonometry.
Students' understanding was meaningless and had an impact on low test scores [11]. The literature analysis
results show that educators have not used Acehnese culture and traditional houses (Krong Bade) as
applications of trigonometry material. One of the principles of Curriculum 2013 is learning that prioritizes
culture (civilization) and students' empowerment. Ethnomathematics and culturally relevant pedagogy-
based approaches to mathematics curriculum are intended to make school mathematics relevant and
meaningful as well as to promote the overall quality of students' educational experience [12]. Literature
reviews and interviews with several Acehnese educators found no project assignment to discuss Acehnese
traditional houses as a tangible form of comparative trigonometry in right triangles. Therefore, it is necessary
to develop ethnomathematics-based learning tools in Acehnese traditional houses to apply trigonometry.

Responding to problems that arise in Indonesian mathematics education, it is necessary to improve
students' trigonometry skills throungh ethnomathematics-based project worksheets through the PjBL model.
It is expected to help teachers provide learning tools on trigonometry material.

2. Methods

The development model used is the Plomp model. One of the reasons researchers chose the Plomp model is
that the development of the Plomp model is more suitable for research on the development of learning tools
in education. At the preliminary research stage, the Plomp model does not limit the needs analysis required
by researchers. Because researchers need to carry out needs, context analyses, and literature reviews,
develop conceptual and theoretical frameworks to determine the needs of learning tools that need to be
developed. So that Plomp's initial investigation step can obtain more detailed information on needs. Plomp
and Nieveen stated three development research stages: preliminary research, prototyping, and assessment
phases [13]. In the legibility test, the researcher chose six students of year 10 of the Senior High School 2
in Sigli who were not the field trial class subjects, with varying abilities. The selection of Senior High School
2 Sigli was based on considering that students tend to still live in traditional Aceh houses.

In the preliminary research phase, the activities were carried out to gather information about the
importance of ethnomathematics-based leaming through the PjBL model on trigonometry material. The
instrument used at this stage is a needs analysis sheet consisting of Curriculum 2013 analysis for Senior
High School of year 10, concept analysis in developing ethnomathematics-based trigonometry project
worksheet through the PjBL model, analysis of existing tools, analysis of project assignments in the
Curriculum 2013 book, analysis of literature and learning sources, analysis of school situations and
conditions, and analysis of users. At this stage, the data obtained are teacher comments or statements, which
are then processed descriptively.

In the prototyping stage, the activities were designing an ethnomathematics-based project worksheet
through the PjJBL model on trigonometry material. At this stage, prototype one is produced, which 1s ready
to be validated. Next, the readability test was conducted by several students. In this phase, the data required
is in the form of information from experts to repair the designed device. Therefore, the instrument used in
this phase is the project worksheet validation sheet.

At the prototyping stage, the data obtained are comments and suggestions from the project worksheet
validator that has been designed. The data is then analyzed in the following steps. 1) Reducing data by
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grouping validator answers based on each component in the validation sheet, 2) Simplifying the results of
validation by the validators by presenting the data in the form of narrative text, and 3) Concluding the
validity of the project worksheet designed using the 2013 Nieveen criteria [13].

The validity test is used to determine whether the student worksheet developed by the researcher follows
the ethnomathematical-based stages' characteristics through the PjBL model. Six validators carried out the
project worksheet validation. The detailed criteria are adjusted to the level of validity of the developed
project worksheet, namely: 1) At least five of the six validators state that the project worksheet is based on
a robust theoretical foundation, 2) At least five of the six validators say that the project worksheet is
consistent, 3) The test results show that the developed project worksheet components are interrelated. Four
aspects are the target of validation, namely the feasibility of the content through 8§ question items, the
feasibility of language through 5 questions, the feasibility of presenting the material through 3 questions,
and the feasibility of graphics through 4 questions.

3. Result and Discussion
This study's results are described based on the Plomp & Nieveen 2013 development model consisting of
preliminary research and a prototyping stage.

3.1. Preliminary Research

3.1.1. Analysis of Curriculum 2013 for Senior High School Mathematics Year 10. The analysis of the
Permendiknas document no. 22 of 2016 shows that Curriculum 2013 uses a scientific approach with one of
the leaming strategies, Project-Based Learning. Based on the curriculum coordinators' information at
several schools in Banda Aceh and Sigli, they implemented the 2017 revised edition of the Curriculum 2013.
The results of curriculum analysis and literature review show that students are prepared to follow the flow
of globalization and various issues related to environmental and cultural issues [14]. Culture-based learning
is a form of mathematics leaming innovation that is in line with the times [5, 15]

3.1.2. Analysis of Concept in Developing Learning Tools. The prerequisite materials that must be mastered
by students are the Pythagorean Theorem and similarities [16]. Based on the questionnaires and interviews
with teachers in several schools, it shows that teachers have not taught the concept of trigonometry
comparisons in ethnomathematics-based right triangles, namely in the Aceh traditional house application.

3.1.3. Analysis of Existing Tools. Mathematics learning tools that are arranged and taught so far have not
integrated with other disciplines. Teachers tend to apply the Problem Based Learning or Discovery Learning
model for trigonometry comparison material on right triangles but have not used the PjBL model.

3.1.4. Analysis of Project Tasks in the Curriculum 2013 Package Book Revised in 2017. The analysis of
project assignments in the Curriculum 2013 textbook revised in 2017 contained no project assignments for
trigonometry comparison material on right triangles. However, it is included in the trigonometry function
graph material, and there were no ethnomathematics-based project tasks.

3.1.5. Analysis of Literature and Learning Resources for Trigonometry and Ethnomathematics. The
literature and learning resources analysis shows thatthe teacher's book's trigonometry concept in Curriculum
2013 is relevant to the scientific approach. Besides, students' textbooks have also displayed pictures of
Acehnese traditional houses as an applied form of ethnomathematics-based trigonometry.
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3.1.6. Analysis of Situation and Condition at School. Observations made by researchers in several schools
indicate that the learning facilities are adequate and feasible. However, learning field case studies with a
cultural approach has never been carried out, especially on trigonometry comparison material. A learning
aid in the form of a clinometer is available. However, it has never been used for the mathematics learning
process on trigonometry comparison material.

3.1.7. Analysis of User. The user needs analysis results to show that the teacher responds positively by
approving and supporting the designed worksheet. The teacher hopes that with the ethnomathematics-based
project worksheet, students can better understand and love their culture. Through the PjBL model, students
can learn to be more independent and meaningful.

3.2. Prototyping Stage

Project worksheet is given to students for two meetings with six activities and one meeting for presentations.
At the first meeting, on page 1 is a group identity sheet and page 2 contains a project assignment to assess
earthquake-resistant Aceh traditional houses that are around the students' residence. Page 3 includes a brief
introduction to the traditional Aceh house and how to use the clinometer. Pages 4-6 contain activity 1 to
determine questions, provide ideas, compile a schedule, and the person in charge of the project task.

Pages 8-13 contain two activities. This activity is given to students outside of learning hours to prepare
and ease project work at the second meeting. Page & includes directions for finding material to provide for
the next meeting. Pages 9-13 contain activities two and three for students to find, view, and select Acehnese
traditional houses, prepare tools and materials and write down the steps for carrying out project assignments.
Page 13 contains input for preparing tools and materials when conducting the interview process.

The second meeting contains three activities. At this meeting, students look for and process data to
complete project tasks. Pages 14-17 have four activities that require students to answer and provide
calculations related to project assignments. Students give answers whether the Aceh traditional house is
earthquake resistant. Students also calculate the traditional Aceh house's height, many foundations (feet of
tameh), many poles, and height. Then, to measure tu/ak angen, students are first directed to calculate the
height diri, length of gaseu gantung, and bara linteung. On page 17, there is activity five, which contains
interview questions to the speakers. Page 18 includes shortcomings, strengths, and suggestions for project
tasks to be done. At the next meeting, students present the results of their project.

Figure 1. Front view of Tulak Angen, the traditional Aceh
house




SEA-STEM 2020 T0P Publishing
Journal of Physics: Conference Series 1882(2021) 012071  doi:10.1088/1742-6596/1882/1/012071

Figure 2. The inside of a traditional Aceh house containing a
height diri, length of gaseu gantung, and bara linteung.

In figure 2, the inside of an Aceh traditional house shows the exact relationship between the angle (bara
linteung) and (gaseu gantung) associated with the sides' length. The red arrow indicates the height of diri,
the blue arrow indicates gaseu gantung, and the yellow arrow indicates bara linteung.

3.3. Stage I Validation

The project worksheet validator consists of six people. Three validator experts consisting of material
experts, ethnomathematics experts, and mathematics education lecturers. (Validator-1, Validator-2, and
Validator-3), Three validator practitioners consist of experienced teachers, model teachers, and colleagues
who have carried out relevant research through the PjBL model (Validator-4, Validator-5, and Validator-6).
The following are the results of the validation at stage L.

The general assessment by two validators stated that the project worksheet was feasible to use without
revision. Three validators said that the project worksheet was possible to be used with a few modifications.
One validator noted that it was feasible to be used with revisions. Based on the validator's assessment, it can
be concluded that the project worksheet designed is not valid. Thus, the project worksheet still needs
improvement.

The improvement of results of the analysis of the project worksheet validation's feasibility is part of the
PjBL model syntax. The clinometer must be taught the appropriateness of the time allocation, clarify the
sketch again by predicting the student's answer model and make sure that its understanding is easy to apply.
Improving the analysis results of the feasibility of the project worksheet language validation is the use of
grammar that must be communicative. Then, improving the analysis results of the validation of the
feasibility of presenting project worksheet materials clarifies indicators and emphasizes the project
worksheet's information. Improving the feasibility validation analysis of project worksheet graphics
strengthens a more attractive design on each page.

3.4. Stage Il Validation

The researcher revises the comments and suggestions from the validator, and the result is called prototype
II. Comments on the project worksheet's design received many suggestions from the editorial staff, how to
distribute assignments to students, directions for activities and exciting innovations, and the use of
clinometers and sketches that must be clarified. The validator's general assessment is declared fit for use
without revision, so it can be concluded that the project worksheet designed is valid.
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3.5. Readability Test

The readability test was carried out after the researcher revised the learning device according to the
validator's comments and suggestions. The learning device was declared valid and became a prototype III.
Prototype 1Ll was then tested on students' year 10 in Senior High School-scale as many as six people who
had studied trigonometry comparisons in right triangles and were chosen randomly.

Based on the readability test results, it was found that there were sentences that were less effective and
needed an explanation regarding how the clinometer worked.

The inculcation of character values through the PjBL model has also begun to be embedded in students'
behaviour. It can be seen in students' enthusiasm for learning through students' positive response in carrying
out project activities.

3.6. Results of the Development of Ethnomatematic based Trigonometry through the PiBL Model
The developed project worksheet contains one project task for three meetings. Project worksheet is given in
stages in each session, consisting of 6 activities, divided into three parts.

The first meeting consists of 1 activity. Students are asked to ask questions, submit ideas, and compile a
schedule for planning activities to be carried out, and the person in charge of each activity. Thus, the first
meeting's learning objectives were to determine fundamental questions and solution strategies and compile
a schedule to solve problems related to trigonometry comparisons in right triangles.

At the end of the first learning meeting, students are given a second pre-meeting project worksheet
independently outside the learning hours, which has two activities. On the start page of the second pre-
meeting project worksheet, students are asked to prepare reading materials and tools to facilitate the work
on the second meeting of project worksheet project tasks in the field. Activity 1 at the pre-meeting project
worksheet allows students to look for sources to be interviewed at the second meeting. The interviewees are
expected to know that the Aceh traditional house is one of the earthquake-resistant houses and is an
application of trigonometry. Activity 2 is to pay attention to several Acehnese traditional houses around
students' residence and choose Aceh traditional house to be studied. Students are asked to write down the
tools & materials used in the second meeting and write down the field's work steps. Therefore, this second
pre-meetings learning objective was to create a mathematical model with the Acehnese traditional house's
help related to the right triangle's trigonometry ratio.

At the second meeting, students completed a project worksheet, which consisted of 3 activities. The
second meeting was the core of the project's task: to examine Acehnese traditional houses in the students'
areas, earthquake-resistant houses. The measurement process is carried out by comparing trigonometry,
using a clinometer as a measuring tool for height, and interviewing informants. Furthermore, students are
asked to present the findings at the second project worksheet meeting. At the last meeting, all groups
presented bills, and the results were carried out on one project task. Thus, the last meeting's learning
objective was to create a mathematical model with the Acehnese traditional house's help related to
trigonometry comparisons in a right triangle.

3.7. Discussion

The aspects studied in this study were to obtain valid criteria. Validation activities are significant for
assessing the feasibility of the basics of the concepts or theories used. The validation stage is carried out in
two aspects: expert validation and legibility test [17]. Validation activities are carried out by a validator
consisting of six experts, namely material experts, ethnomathematics, mathematics education lecturers,
experienced teachers, model teachers, and peers who carry out relevant research through the PjBL model.
The validator provides assessment in the form of comments and suggestions on project worksheets designed
to determine the project worksheet's strengths and weaknesses. Based on the content feasibility validation
results, all validators stated that the questions or assignments given were by the competency indicators. The
project assignment given to the project worksheet is ethnomathematics-based and can develop students'
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mathematical skills on trigonometry [16], especially developing character skills and love for the country,
said the validator 4. The project worksheet designed follows the PjBL model's syntax and can add insight
to students, especially insight into their own regional culture [12]. The given project worksheet is following
the time allocation. Still, the three validators argued that it was not enough time because of the large number
of assignments. It would be better if the assignment bills were more detailed for time fit, hoping that the
project assignment could fulfil all the assessment rubrics. Validators 1, 2, 3, and 4 argue that to facilitate
the application of project assignments, clarify the sketch again, and it is better if students' answer models
are made in advance. Also, pay attention to the understanding of students who are the subjects of this study
[18].

Based on the language feasibility validation results, the project worksheet is designed to have correct
grammar with slight improvements, simplicity of sentence structure, and clear instructions and directions.
The designed project worksheet already uses communicative language with a few revisions. Three validators
argued that there was some ambiguous language for the sketch section and a slight revision of the sketch
questions. Based on the results of the validation analysis of the material presentation feasibility, it was found
that all validators stated that the designed project worksheet was presented in order. The project worksheet
is designed to have clear objectives (indicators) to be achieved, and the information provided is clear and
complete. Validator 1 suggested that additional emphasis was needed to use the clinometer to not be wrong
during the measurement process. Validators offer suggestions that the use and availability of project
assignment aids (clinometers) need to be anticipated so that the students' field research process can run
smoothly. In this case, students are actively involved in learning to expand students' abilities and meaningful
[12].

Based on the results of the graphical feasibility validation analysis, it was found that the worksheet
project was designed attractively, the layout arrangement was appropriate, the type and font size were also
appropriate. The design used for each page is attractive. The validator suggested that project assignments
be designed more clearly and in detail to help students understand and apply the comparative science of
trigonometry to the right triangle. It aims to make students as active learning actors able to construct their
knowledge [17].

The validator recommends trigonometry project worksheet ethnomathematics-based through the
researcher's PjBL model as a learning tool. It is feasible to be applied in classroom learning. In other words,
the validation process has been carried out by the validators states that the products in this study are
categorized as valid. The next step is the readability test.

The legibility test results show that students still have difficulty interpreting the sketch. Some of the
calculation commands and sentence structure in the activities were also not well understood by students.
Two of the six students were still unfamiliar with the terms given in the Acehnese language, such as
measuring tulak wind. It happens because the other four students already have initial knowledge obtained
from their socio-cultural environment [19]. Some of the difficulties found by students were found to be the
basis for improvement by researchers. The ethnomathematics approach aims to make mathematics learning
more relevant and meaningful for students [12]. Thus, the next step is for the researcher to conduct field
trials to test the developed project worksheet's practicality and effectiveness.

4. Conclusion

Based on the needs analysis and the interviews, it was found that the learning steps were systematically
ordered, the trigonometry material needed to be studied contextually (ethnomathematics-based or linked to
everyday life). In the analysis of existing tools, it is known that the teacher has never seen and used
ethnomathematics-based trigonometry learning tools through the PjBL model. Learning field case studies
conducted outside the school building with a cultural approach has never been carried out, especially in the
trigonometry comparison material.
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Based on the discussion that has been previously explained, the following conclusions can be drawn. This
study produces a product in the form of an ethnomathematics-based trigonometry project worksheet through
the PjBL model. It has met the valid criteria because all validators stated that it was suitable for use.
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