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Abstract: Trigonometry and spherical triangles are branches of mathematics that are very
relevant to ship navigation. Application of the concept and formula of trigonometry and spherical
triangles to the positioning of ships by observing celestial bodies. Determining the true position
of the ship in the sea is very important to be done so that the ship is always on the right course
and avoids navigation hazards. This research aims to explore the important role of trigonometry
and spherical triangles in ship navigation, as well as how learning approaches in STEM contexts
can improve students' understanding and skills in determining the position of ships at sea. This
research is qualitative and uses a case study approach. This study involves a real-case analysis of
the application of trigonometry and spherical triangles in ship navigation to see their impact on
the accuracy of ship positioning. The data collection techniques used in this research are
interviews, observations, and documentation. The instruments used were validated by
mathematics lecturers and astronomy navigation science lecturers. The results of the study show
that trigonometry and spherical triangles have an important role in determining the position of
ships at sea; STEM learning with a PBL approach has proven to be effective in improving
students' understanding and skills in the application of trigonometry and spherical triangles in
ship navigation. STEM learning in the context of trigonometry and spherical triangles contributes
significantly to students' understanding of ship navigation and develops students' critical thinking
skills.

Keywords: STEM, trigonometry, spherical triangle, problem base learning, ship navigation.

» INTRODUCTION

In the era of globalization and the rapid development of technology, Education in
the context of STEM (Science, Technology, Enginering, and Mathematics) is the main
focus in equipping students with relevant knowledge and skills to face future challenges.
One of the applications of STEM Education is in the field of ship navigation. STEM is
indispensable for strengthening the understanding and application of trigonometric
materials (Hsu et al., 2021; Tuong et al., 2023). In the field of ship navigation,
mathematics especially trigonometry and spherical triangles (Homa, 2019), has a very
important role in determining the position of ships in the vast ocean. In addition, the
mastery of technology such as the use of GPS and ECDIS systems and algorithm-based
computing also strengthens the ability of modern navigation equipment to determine the
position of ships at sea (Pierros, 2018).

Trigonometry and spherical triangles are branches of mathematics that are very
relevant to ship navigation. There are several navigation problems solved by trigonometry
and spherical triangles (Hsieh et al., 2019). This is because it allows the navigator to
determine the position of the ship by using celestial objects as a reference (Tsai et al.,
2022). Application of the concept and formula of trigonometry and spherical triangles to
the positioning of ships by observing celestial bodies. Determining the true position of
the ship in the sea is very important to be done so that the ship is always on the right
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course and avoids navigation hazards. The use of azimuth and the direction of the celestial
body's high line is a conventional method in determining the position of ships in the sea
that is still used and has proven to be effective in assisting ships in shipping (Pierros,
2018). However, for this method to be applied effectively, a solid understanding of the
underlying mathematical concepts is required (Tsai et al., 2022). Thus, material on the
concept of trigonometry and spherical triangles is very important for prospective
seafarers, as well as officer.

STEM learning approaches can not only improve precision and efficiency in ship
navigation but also contribute to the development of students' critical and analytical
thinking skills (Ozcakir Siimen & Calisici, 2022). By understanding the concepts of
trigonometry and spherical triangles, students are expected to be able to face the
challenges of modern navigation that are increasingly complex, including the integration
of computerized systems in navigation systems, such as ECDIS (Pierros, 2018).

The mathematical approach in ship navigation, especially in determining the
position of ships at sea, not only has the impact of increasing accuracy and efficiency in
navigation, but also contributes to the development of students' critical and analytical
thinking skills (Shanta & Wells, 2020). Thus, this research will make a very important
contribution to the development of the mathematics education curriculum and the
navigation education curriculum. In addition, the results of the research can be used as
the basis for the development of applicative and contextual learning modules, so that
students not only understand the theory, but also be able to apply it practically.

In recent years, research related to the application of STEM Education and its
integration in the context of ship navigation has increased significantly. The results of the
research conducted by Stehle & Peters-Burton (2019), that three-day learning with a
STEM context has an effect on improving 21st century skills, such as critical and
analytical thinking. Sari et al. (2018), From the results of his research, it was found that
STEM-based learning using contextual problems in learning can help develop 21st
century students' skills, make classes more fun, and increase interest in learning. In
addition, the integration of PBL with STEM positively affects students' attitudes and
perceptions. Hsu et al.( 2021) and Tuong et al.(2023), for example emphasizing the
importance of STEM learning to strengthen mathematical skills, specifically
trigonometry, in solving real-life problems such as ship navigation. At the same time,
research (Tsai et al., 2022) highlights how the application of spherical trigonometry and
celestial body observation is still relevant and used practically in modern navigation. In
addition, research by (Pierros, 2018) shows that the integration of technologies such as
GPS and ECDIS is increasingly important in navigation, although mathematical
fundamentals remain fundamental in the use of these technologies. However, there are
shortcomings in studies that link STEM approaches in the context of ship navigation,
especially those that focus on improving students' mathematical understanding and
practical abilities in the application of trigonometry and spherical triangles. This makes
the need for more research that combines aspects of STEM learning with the specific
context of ship navigation.

Although there have been many studies examining the importance of STEM in
teaching mathematics and navigation, there are still gaps related to STEM learning
approaches that can specifically improve students' skills and understanding in
determining the position of ships using spherical trigonometry. In addition, Most research
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tends to focus on technological aspects such as GPS and ECDIS, but less highlights how
the integration of STEM approaches in the curriculum of shipping colleges can provide
more benefits in understanding the basic concepts of mathematics, which are the
cornerstones of such technology. Therefore, this study seeks to bridge this gap by
exploring in depth how STEM learning can help students in understanding spherical
trigonometry and its application in ship navigation. Thus, this study aims to explore the
important role of trigonometry and spherical triangles in ship navigation, as well as how
learning approaches in STEM contexts can improve students' understanding and skills in
determining the position of ships at sea.

The main problem that needs to be highlighted is the lack of student understanding
of the application of trigonometry and spherical triangles in ship navigation. As the
research conducted by Sriantini & Cholik (2021), that 21.8% of students had difficulty
understanding the problem, 26.4% of students experienced errors at the process skill
stage. Although trigonometry and spherical triangles are the basis of shipping navigation,
many students still struggle to understand their application in determining the positioning
of ships at sea. On the other hand, the development of modern technologies such as GPS
and ECDIS often diverts attention from these basic concepts, even though a deep
understanding of trigonometry and spherical triangles is essential as the foundation of
more comprehensive navigation knowledge.

The conventional approach in teaching trigonometry and spherical triangles tends
to focus on theory without connecting it to practical conditions in the field, making it
difficult for students to understand the relationship between the concept of trigonometry
and spherical triangles in ship navigation, as presented by Sriantini & Cholik (2021), The
cause of students' difficulties in understanding trigonometry and spherical triangle
problems is the lack of training involving contextual problems related to ship navigation.
The gap between the theory taught in the classroom and the practical skills required in
the field, shows the importance of STEM learning approaches to improve student
understanding, as well as the importance of training students in critical and analytical
thinking. There is an increase in the mathematical problem-solving ability of students
who receive STEM-based learning with conventional learning (Priatna et al., 2022).

To answer these problems, this study focuses on the following questions: (1) What
is the role of trigonometry and spherical triangles in ship navigation, (2) How can STEM
learning approaches improve students' understanding and skills in the application of
trigonometry and spherical triangles to determine ship positions, (3) How much influence
does STEM approaches have on the development of students' critical and analytical
thinking skills in solving navigation problems ship.

« METHOD
Research Design and Procedures

This research is qualitative with a case study approach. This study involves a real-
case analysis of the application of trigonometry and spherical triangles in ship navigation
to see their impact on the accuracy of ship positioning. The data collection techniques of
this research are interviews, observations and documentation. The interview was
conducted with the aim of digging deeper into the application of trigonometry and
spherical triangles in ship navigation and how to integrate them in a STEM context.
Observation is carried out by observing directly in the VVoyage Education class during the
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mathematics lesson. Observations include the teaching methods used, student responses,
and the use of navigation equipment involving trigonometry and spherical triangles.
Documentation is carried out by collecting information from, the curriculum of shipping
education, learning materials.

This research began by providing a pre-test on basic concepts and a general
understanding of trigonometry and spherical triangles. Furthermore, STEM-based
learning is carried out. STEM methods are integrated to teach the concepts of
trigonometry and spherical triangles using the Problem Based Learning (PBL) approach.
In the PBL approach, students are given real problems related to the positioning of ships
in the sea and must be solved using the concepts of trigonometry and spherical triangles.
During the learning, observations were made. Observations include: student involvement
in solving problems, application of trigonometry and spherical triangle concepts, student
interaction with calculators, sextants, and nautical almanac. In the PBL approach,
students solve the problems given in several stages, which include:

Problem Orientation

Students were given problems about ship navigation, where the ship departed from
Tanjung Perak Port Surabaya to Argentina. Furthermore, students understand the context
of the problem by finding the shortest route so that the ship is efficient in using fuel with
a shorter sailing time.

Independent Learning

Students study in groups in learning the concepts of trigonometry and spherical
triangles related to ship navigation, namely determining the sailing distance and course
of the ship. Students seek information from various sources from books and the internet
to understand how the concepts of trigonometry and spherical triangles are applied in ship
navigation.

Collaboration and Discussion
Students discussed how to use trigonometric formulas and spherical triangles to
determine distances, course, celestial azimuths, and lines of position.

Troubleshooting App

Students apply trigonometric formulas and spherical triangles in solving ship
navigation problems. Students calculate the shortest distance, the bow of the ship, the
azimuth of the celestial body, and the line of position. Students perform calculations using
a trigonometric calculator.

Reflection and Evaluation

After solving the problem, students reflect on the learning process that has been
carried out and the results obtained. The evaluation was carried out to assess the accuracy
of the solution, the efficiency of the method, and how students can improve the problem-
based learning approach in the future.

Participants
This research was conducted at the Faculty of Shipping Vocational Engineering,
Hang Tuah University Surabaya, with 40 students of the Ship Operations Engineering
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Technology (TROK) study program in the second semester. The selection of subjects was
using purposive sampling. Purposive sampling is a sampling technique that is carried out
by selecting participants based on certain characteristics that are relevant to the research
objectives. The purpose of using purposive sampling is to ensure that only participants
who have a nautical education background will be involved. In this study, the inclusion
criteria for participants are shipping students who are or have studied trigonometry and
spherical triangle materials applied to ship navigation. In addition, participants must be
willing to participate in the entire research process, which includes pre-test, post-test, and
interview if necessary. At the interview stage, students who have high, medium, and low
pre-test scores are selected, 1 student is selected each.

Instruments

Before data collection is carried out, researchers develop pre-test questions, post-
tests, assessment rubrics, and interview guidelines. The total test questions are 3 items
and are in the form of descriptions. The indicator determines course of the ship and
shipping distance totals 2 questions, and the indicator determines the azimuth of the
celestial body totals 1 question. The interview was conducted to dig deeper into the
participants' answers. Furthermore, the instrument was validated by 2 lecturers, namely a
mathematics lecturer and a lecturer in astronomical navigational science. The validation
of the instrument carried out is content validation, namely by requesting expert
assessment. Content validation is carried out to check the suitability of the instrument
with the material in the shipping education curriculum. The reliability test carried out was
Inter-Rater Reliability, with a kappa coefficient value of 0.75. The pre-test and post-test
questions are in the form of description questions, with many 3-item questions. The
material taught focuses on the application of trigonometry and spherical triangles in ship
navigation, such as: determining the shortest distance through a large circle in a voyage,
determining the bow of the ship, and determining the Azimuth and Line of Position from
observing celestial bodies. Examples of problems given are:

A ship departs from the Port of Tanjung Perak in Surabaya, Indonesia with
coordinates 07°12.3'S/ 112° 35.7'E heading to Argentine Harbor with coordinates 34° 36'
S/ 58° 23" W. Using the principles of trigonometry and spherical triangles, calculate: 1)
Shipping distance from the Port of Tanjung Perak to the Port of Argentina (in nautical
miles). 2) What is the degree of the course on the voyage? Test item indicators as shown
in Table 1. as follows:

Table 1. Question indicators

Indicator Question number
Determining the ship's course and sailing 13
distance
Determining the Azimuth of celestial bodies 2

Data Analysis

The data analysis used in this study is thematic analysis. Thematic analysis is one
way to analyze data with the aim of identifying patterns or to find themes through the data
that has been collected (Braun & Clarke, 2006). The stages of thematic analysis include
understanding data, compiling code, and finding themes that are in accordance with the
research objectives (Heriyanto, 2018)



Jurnal Pendidikan MIPA, 25 (2), 2024, 1012-1021 |1017

= RESULT AND DISSCUSSION
Application of Trigonometry and Spherical Triangles in Ship Navigation

Based on the results of the study, it shows that trigonometry and spherical triangles
are essential components in ship navigation. By using the principles of trigonometry and
spherical triangles, namely . Using this formula, Cos a=Cos b.Cos c+Sin b.Sin ¢.Cos £A
. The navigator can determine the distance and course of the ship at the time of the voyage.
As the results of the answer of the S-1 subject in Figure 1 below :
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Figure 1. Subject S-1 answer in calculating distance and ship course

Based on the results of the study, it is shown that the determination of the azimuth
of celestial bodies using the principle of spherical triangle has proven to be effective in
determining the coordinates of the ship's position in the sea, especially when GPS is
experiencing problems, so the position designation is very limited. As the results of
Subject S-5's answer in Figure 2 below:

LMY = o8.0p
oW = 7. 15..29
_GMT pUGA: oo;_qq._.qc:

e

PPwW = o00.43. i0
_ puduk =ades. 35, 20
__GNT sgemz=ol. 18 . 30 T

GHA D : 192° 43,3"
weReMeERT = A° 23
Buiuc pertamet, = 108”507 T

Lua (> =20 34,8
Yva () = 5325 2" T

Peclinagy = 22304’
iintq_rﬁ_f_rgr-_ggmh:s 5° 55’

T52 o558

Cinte

1
Ty - 0,077
ETEe]
. S
_C_c:‘gl_-‘-_‘a.c.&sﬁo,,s‘?S ( T=Turmpul )
= 5 120,8° T

-
Azimutt = 59,4°

Figure 2. Subject S-5 answer in calculating the Sun's Azimuth
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In the context of traditional and modern navigation, the role of trigonometry and
spherical triangles is not only important for navigators, but also equips students with basic
knowledge of technological navigation concepts such as GPS and ECDIS. This is as
stated (Pierros, 2018), that the integration of technologies such as GPS and ECDIS is
increasingly important in navigation, although mathematical fundamentals remain
fundamental in the use of these technologies. At the same time Tsai et al.(2022),
conveying the application of spherical trigonometry and celestial body observation is still
relevant and used practically in modern navigation. This shows the importance of
mathematical concepts in navigation, especially determining the distance of the voyage,
the course of the ship when sailing, and the determination of the position of the ship at
sea, especially in an emergency or when the GPS signal is weak.

Learning about spherical trigonometry also trains students to think critically and
analytically in determining solution strategies from the information provided, because the
problems used are real problems. As conveyed by Pierros (2018), By understanding the
concepts of trigonometry and spherical triangles, students are expected to be able to face
the challenges of modern navigation that are increasingly complex, so that they can spur
students to think critically and analytically.

STEM Learning with PBL Approach to Improve Student Understanding and Skills
in Trigonometry and Spherical Triangles

STEM-based learning approaches have proven to be effective in improving
students' understanding of trigonometric and spherical triangle concepts and the ability to
apply them in real-life situations. This is shown by the results of the student post-test,
where students who learn with a STEM approach, perform calculations using a calculator,
showing an increase in understanding of concepts. Using the help of scientific calculators,
students in solving navigation problems get the results of the right ship position with
faster calculation time. In line with what was conveyed by the S-5 subject that by using a
calculator, students are more able to solve the problems given quickly and accurately.

In this case, STEM learning with a PBL approach provides space for students to
connect theory and practice where the concepts of trigonometry and spherical triangles
are applied directly. With the PBL approach, students experience an improvement in
critical thinking skills through group discussions. In the study of trigonometry and
spherical triangles, students can better understand when they see real applications in
determining the distance, course, and position of ships at sea. This is because the problem
is given in a real context. As conveyed by Mater (2020), that learning with a STEM
approach spurs students to solve problems, learn complex concepts and their application.
This is in line with what was conveyed by Reinke (2020), that contextual requires
conceptual anchors.

The Influence of STEM Approaches on the Development of Students' Critical and
Analytical Thinking Skills in Ship Navigation

STEM approaches have a significant influence on improving students' critical and
analytical thinking skills. Based on the results of the research, it is known that students
who study with a STEM approach are more skilled in analyzing situations, evaluating
data, and solving navigation problems better, which is shown by an increase in the
average pre-test and post-test of 45.54, where the average pre-test score is 38.69, and the
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average post-test score is 84.23. In addition, students taught with a STEM approach show
better ability to make decisions and consider various factors in the state of navigation,
such as the influence of current and wind speed in shipping. Students work in teams to
discuss the proper way to use trigonometric and spherical triangle formulas to calculate
sailing distance, course, celestial azimuth, and line of position. Collaboration strengthens
teamwork, communication, and critical thinking skills in finding solutions to complex
problems. The results of the interview with the S-7 subject that by discussing, students
become more active and can more easily determine strategies for solving the problems
given. As stated Bustami et al., (2018), that contextual learning is very good to be used
to improve students' critical thinking skills. Group discussions allow students to share
ideas and problem-solving strategies with each other.

The critical thinking skills developed through STEM help students to be more
independent and better prepared to face real-world challenges, especially in making
decisions quickly when the ship is sailing. This is as conveyed by Lestari (2021),
pencarian sumber belajar secara mandiri mendorong mahasiswa untuk berpikir lebih
dalam tentang permasalahan yang diberikan dan menghubungkan teori dengan praktik,
sehingga dapat memacu mahasiswa untuk berpikir Kritis. Senada juga dengan yang
disampaikan oleh Bustami et al., (2018), that contextual learning is very good to be used
to improve students' critical thinking skills. STEM-based learning involves data analysis,
such as analysis of the shortest distance that a ship must travel on a voyage and
determining the position of a ship in the sea with the help of celestial bodies. With
continuous practice, students can improve their analytical skills, which are the main
capital as navigators.

= CONCLUSION

Trigonometry and spherical triangles have an important role in determining the
position of ships in the sea. The results of the study prove that the calculation method
using trigonometry and spherical triangles, although traditional, is still relevant and
effective in determining the position of ships in the sea using celestial bodies as a
reference. A basic understanding of spherical trigonometry is also expected to be an
important foundation for students in understanding and developing modern navigation
equipment.

STEM learning with a PBL approach has proven to be effective in improving
students' understanding and skills in the application of trigonometry and spherical
triangles in ship navigation. The PBL approach allows students to understand the concepts
of trigonometry and spherical triangles in depth through practical and collaborative
experience. In addition to improving analytical and problem-solving skills, collaboration
in group discussions helps students to be prepared for real-world challenges. With a
problem-based STEM approach, students will gain a better understanding of applying
trigonometry theory to real-life problems, especially ship navigation. In addition, STEM
not only improves technical abilities, but also develops students' critical thinking skills.

STEM learning has a strong influence on the development of students' critical and
analytical thinking skills. A significant increase in post-test hasis compared to pre-test
shows that students who learn with a STEM approach are better able to analyze, evaluate,
and solve navigation problems. Group discussions in PBL strengthen cooperation skills,
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communication, as well as critical and analytical thinking skills that are important in
solving complex navigation problems.

It is recommended that STEM abbreviations, particularly PBL-based, be widely
applied in the shipping education curriculum. In addition, educational institutions must
provide adequate learning facilities, including teaching aids, as well as supporting devices
such as scientific calculators. STEM learning should be accompanied by data analysis
exercises that are relevant to real conditions such as current and wind analysis that affects
navigation.
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