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Abstract: Trigonometry materials are still considered complex materials at the secondary level. 
It is necessary to design an appropriate learning trajectory for trigonometric ratios so that the 
students can quickly build the concept. This study aims to design a learning trajectory for 
trigonometric ratio material through Realistic Mathematics Education (RME). This study uses a 
research design involving 10th-grade high school students in Bandung City in the 2023-2024 
academic year. The research data was collected through data collection using written test 
instruments, student worksheets, observations, interviews, and documentation. The results of the 
study showed that the trigonometric ratios learning trajectory consisted of raffia stretching 
activities from the table base to the student's head, measuring the student's height and shadow, 
experimenting with making three right triangles from paper, observing a picture of a calendar in 
the form of an equilateral triangular prism, observing a bed or bunk bed, and observing a 
picture of a skier going down an iceberg. Students can quickly build the concept of trigonometric 
ratios from several activities provided. In addition, various learning flows from various activities 
make it easier for students to build knowledge about trigonometric ratios and solve problems 
presented contextually. 
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INTRODUCTION 

Trigonometry materials are vital in everyday applications such as statistics, surveying, 
architecture, and other engineering fields (Weber, 2005a). However, building knowledge about 
trigonometry is challenging (Blackett & Tall, 1991; Demir et al., 2012; Kendal & Stacey, 1997; 
Ngu & Phan, 2020; Sugianto et al., 2023). To understand the concept of trigonometry, students 
need to learn several prerequisite mathematical concepts that serve as a foundation. These 
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prerequisite concepts include the Pythagorean Theorem and the properties of right triangles, 
which are essential in understanding trigonometric ratios. Kamber's Research (2017) stated that 
students struggle to grasp trigonometry through the unit circle (Kamber & Takaci, 2017). 
Additionally, they face difficulties distinguishing between trigonometry in right triangles, the 
unit circle, and the relationship between the two representations (Maknun et al., 2019). As a 
result, many students fail to understand trigonometric ratios properly, even though these ratios 
are fundamental in learning trigonometry (Weber, 2005; Nordlander, 2022). Several studies 
(Hershkowitz et al., 2016; Lessani et al., 2017; Lu’lu’il Maknun et al., 2022; Maphutha et al., 
2023; Weber, 2005b) also indicate that traditional approaches lead students to often rely on 
memorizing formulas rather than understanding the reasoning behind trigonometric ratio 
concepts. 

The findings of previous research provide evidence of students' ability to master trigonometric 
ratios  (Andiani et al, 2024).The test questions given to students are presented in Figure 1.  

 

Figure 1. Example of Test Questions in Andiani et al.'s Research (2024) 

The results of one student's answer in solving the problem are shown in Figure 2. 

 

Figure 2. Example of Test Answers in Andiani et al.'s Research (2024) 

The results of students' answers show that students are starting to be able to bring up their ideas 
or concepts in the form of mathematical models. In examining these errors, questions arise: 
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a. Do students misunderstand the correct mathematical symbols? 
b. Do students lack understanding of trigonometry concepts?  
c. Do students misunderstand the meaning of elevation angles? 
d. Are the errors influenced by prior knowledge, or do they arise during the learning process?.  

Student errors occur when students understand a concept in a particular context and adapt it to be 
applied in another context (Brousseau, 2002). The procedures that students should have written 
cannot be skipped because students have difficulty in the initial steps of representing the problem 
in a model. In this case, students have gone through the horizontal mathematization process but 
have not gone through the vertical mathematization process in its entirety; This is the most 
prevalent error among students (Meika, 2018).  

Student errors indicate that the students have difficulty solving contextual problems. This finding 
is in line with Haryani's research that the students still find it difficult to construct an 
understanding of trigonometry material, especially in the context of story problems or real life 
(Saputri et al., 2020; Widyanti et al., 2022). In addition, a similar opinion was expressed by 
Insani and Kadarisma in their research that in studying trigonometry, the students face 
epistemological obstacles caused by the limitations of their knowledge tied to a particular 
context. As a result, when faced with different situations, the students struggle to apply or adapt 
this knowledge to the new context (Insani & Kadarisma, 2020; Nasrulloh & Zahiro, 2023). 
Therefore, teachers need to know the causes of the difficulties experienced by the students and 
what the students think in their learning process so that these difficulties occur (Pramesti et al., 
2024; Rianasari & Guzon, 2024; Wilson et al., 2013, 2015). 

Students’ learning trajectories represent their cognitive processes in understanding concepts 
(Clements, 2011), with each student following a unique path (Chahine & Grinshpon, 2020; Ellis 
et al., 2014; Tahiri et al., 2017; Zhao et al., 2024). While previous studies have explored learning 
trajectories for trigonometric ratios (Hamdani et al., 2023; Hidayati & Armiati, 2024; Saputra et 
al., 2021). In addition, several studies have implemented the Realistic Mathematics Education 
(RME) approach in trigonometry instruction. However, limited research has explicitly developed 
a systematic learning trajectory for trigonometric ratios grounded in RME principles. Therefore, 
this study aims to develop a learning trajectory for trigonometric ratios using the RME approach. 
The main research question guiding this study is: How can a learning trajectory for trigonometric 
ratios be designed through the application of Realistic Mathematics Education? 

This article is structured into several sections. The next section explores the theoretical 
framework and the methods employed in the study. Subsequently, the research findings are 
presented and analyzed in depth. The article concludes by summarizing the key findings and the 
study's implications. 
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THEORETICAL FRAMEWORK 

Structured learning trajectories provide a clear pathway for students to develop mathematical 
understanding. Simon (1993) introduced the concept of Hypothetical Learning Trajectories 
(HLT), later expanded by Clements (2011) to describe students' cognitive processes in 
mathematics. This framework consists of guided learning activities that foster conceptual 
development, helping the students progress through different reasoning levels and achieve 
specific learning goals.  

This study adopted the RME approach to help the students better understand trigonometric ratios. 
The RME approach aligns with the student’s understanding of trigonometric ratios because it 
emphasizes contextual learning, allowing the students to build concepts based on real-world 
experiences (Gravemeijer, 1994). Through authentic situations, such as calculating the height of 
a building with a shadow or determining the elevation angle in navigation, the students can 
understand the concept of trigonometric ratios more meaningfully than simply memorizing 
formulas (M. van D. H. Panhuizen, 2003). In addition, RME encourages visual exploration using 
tools such as triangle diagrams, interactive math software, or physical props so that the students 
can directly observe the relationship between angles and side lengths in triangles (Freudenthal, 
1991). This approach also emphasizes mathematical modelling, where the students learn and 
apply the theory to solve real problems, improving their conceptual understanding and critical 
thinking skills (Gravemeijer & Doorman, 1999). Thus, RME enables students to understand how 
to calculate trigonometric ratios, why these concepts are important, and how to use them in real-
world situations. 

RME emphasizes mathematization as the main principle to help students understand 
mathematical concepts gradually, starting from real situations to achieving formal forms. Hans 
Freudenthal (1991) developed the theory of mathematization in RME by distinguishing two types 
of mathematization, namely horizontal mathematization, which transforms real-world problems 
into mathematical models, and vertical mathematization, which processes mathematical models 
into more formal forms (Freudenthal, 1991). 

In addition, the concept of mathematization in RME is also strengthened by Treffers (1987), who 
emphasized that mathematization is the core of the RME approach, allowing the students to 
explore and construct mathematical concepts through meaningful activities (Treffers, 1987). 
Meanwhile, Gravemeijer (1994) emphasized the importance of designing learning trajectories in 
RME that consider how students develop understanding progressively through the 
mathematization process (Gravemeijer, 1994). 

In the RME approach, horizontal and vertical mathematization support modelling activities into 
right triangles (Freudenthal, 1991; Treffers, 1987). Horizontal mathematization occurs when the 
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students translate real-world situations, such as measuring the length of a shadow and the height 
of a student and then recognizing the proportional relationship in the situation. Furthermore, 
through vertical mathematization, the students construct more formal mathematical models, for 
example, by comparing the height and shadow length ratio using the concept of triangle 
similarity or trigonometric ratios such as the tangent of an elevation angle. 

In addition, the concept of a model as a bridge in RME helps students move from informal 
understanding to more abstract mathematical models (Gravemeijer, 1994). The students begin 
learning from real-world situation models, such as shadows formed by light in the classroom, 
then gradually move to formal mathematical models, such as right triangles and trigonometric 
ratios. These models serve as a tool to help the students understand how the relationship between 
elements in a physical system can be represented in a more abstract mathematical form. In this 
learning, a real-world context is an important starting point to facilitate the students' 
understanding of mathematical concepts (De Lange, 1996). Measuring the students' heights and 
shadows allows the students to understand the concepts of triangle similarity and trigonometric 
ratios more intuitively. 

RME is based on the philosophy of Hans Freudenthal, who views mathematics as a human 
activity involving creativity and problem-solving (Freudenthal, 1973; Gravemeijer & Terwel, 
2000; Treffers, 1987; Van den Heuvel-Panhuizen & Drijvers, 2020). This approach allows 
students to develop mathematical understanding through real-life contexts and experiences 
(Yuanita et al., 2018). Research by Aiyub et al. (2024) also highlights that learning designs 
incorporating real-world problems can improve students' algebraic thinking and overall 
mathematical understanding (Aiyub et al., 2024). 

The students build understanding through informal processes. They observe, see, and understand 
the environment wherever they are (Meika, 2018). Realistic Mathematics Education encompasses 
three key concepts: directed reinvention and progressive mathematical processes, didactic 
phenomenology, and model construct development (Gravemeijer, 1994). Within the teaching and 
learning process, these three concepts are further developed into six distinct features of RME: 1) 
The principle of activity, 2) The principle of reality, 3) The principle of level, 4) The principle of 
intertwinement, 5) The principle of interactivity, and 6) The principle of guidance (M. V. den H. 
Panhuizen & Drijvers, 2014). 

Based on Freudenthal's view of mathematics as a human activity, the activity principle 
emphasizes the student’s active role in learning. The reality principle encourages learning 
through real-world problems that can be mathematized. The level principle describes the students' 
progression through different levels of understanding. The interconnection principle highlights 
integrating various concepts using multiple tools and methods. The interaction principle sees 
learning as a social and reflective process. Lastly, the guidance principle, rooted in Freudenthal's 
"guided reinvention," ensures learning aligns with a structured long-term trajectory. (M. V. den 
H. Panhuizen & Drijvers, 2014). 
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The students often have difficulty understanding the concept of trigonometric ratios, especially 
in relating the lengths of the sides of a triangle to the angles (Maknun et al., 2019). In addition, 
several studies have shown that they fail to understand the concept of trigonometric ratios even 
though they have been taught formally (Weber, 2005; Nordlander, 2022). Another difficulty 
often faced is distinguishing between the right triangle approach and the unit circle (Kamber & 
Takaci, 2017). Given the importance of understanding this concept, this study aims to develop a 
learning trajectory that helps students overcome these difficulties, with the RME approach as the 
main theoretical basis. 

 

METHOD 

The methodology employed is design research as described by Gravemeijer and Van Eerde in 
2009 (Gravemeijer & Van Eerde, 2009). This research methodology is focused on learning 
trajectory to enhance the quality of learning by fostering effective collaboration between 
researchers and teachers (Gravemeijer & Van Eerde, 2009). Design research will enable the 
attainment of the goals of the research paradigm in the development of sequential activities and 
the enhancement of learning quality. The primary objective of this work is to develop a 
comparative trigonometry learning trajectory by utilizing the RME approach. The study was 
carried out in two cyclical phases, each following the design research stages outlined by 
Gravemeijer (2004): 1) preliminary design, 2) teaching experiment, and 3) retrospective analysis. 
The outcomes of the initial phase activities that have been executed and the subsequent analytical 
review have contributed valuable insights (Gravemeijer, 2004).  

In the initial design stage, the researcher observed the school and interviewed teachers and 
students. Additionally, the researcher collected and analyzed various sources related to the 
challenges the students and teachers faced in understanding trigonometric ratios and reviewed 
materials on learning activities based on the RME approach. These analyses served as a 
reference for developing the Hypothetical Learning Trajectory (dHLT), which includes learning 
objectives, learning activities, and hypotheses on students' cognitive development (Simon, 1993). 
These learning hypotheses form the foundation for designing the learning activities developed by 
the researcher. 

 

Learning 
objectives 

Learning 
Activities 

Student Thinking Conjecture 

The students can 
identify the position 
of the right angle, 
opposite side, and 
hypotenuse in a 
right triangle. 

Stretch the raffia 
from the table's 
base to the top of 
the head to form 
a right triangle. 
 

A group of students can model the activity into a 
right triangle. 
 
One of the students was able to sketch the formed 
right triangle. 
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Learning 
objectives 

Learning 
Activities 

Student Thinking Conjecture 

 
 

 The students can identify the position of right 
angles, front sides, hypotenuses, and side sides in 
sketches formed with various answers without 
knowing the reasons. 
 
The students need to be corrected in identifying the 
position of right angles. 

The students can 
apply the definition 
of trigonometric 
ratios sin , cos , 
and tan  to 
contextual 
problems using the 
concept of ratios in 
right triangles. 

Measuring 
students' height 
and shadow 

The students can draw sketches formed from the 
models presented. 
 
The students can use the definitions of the 
trigonometric ratios tan θ, sin θ, and cos θ to 
measure the heights of both students and their 
shadows. 
 
The students can determine the position  of 
different angles to obtain different trigonometric 
ratio values. 
 
 

The students can 
understand the 
relationship 
between similarity 
and trigonometric 
ratios. 

Experiment with 
making three 
right triangles 
from paper 

The students can make three similar right triangles 
from paper. 
 
The students can make sketches from paper formed 
into three similar right triangles. 
 
The students can identify the shortest and longest 
sides of each triangle formed. 
 
The students can determine the ratio between the 
shortest side and the longest side of each right 
triangle. 
 
The students can relate the concept of similarity to 
trigonometric ratios. 

The students can 
determine the value 
of trigonometric 
ratios at particular 
angles (0 0, 30 0, 45 

Observations on 
the calendar 
image in the form 
of an equilateral 
triangular prism. 

The students can sketch a calendar model as an 
equilateral triangular prism. 
 
The students can construct a right triangle in which 
one of the angles corresponds to a specifically 
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Learning 
objectives 

Learning 
Activities 

Student Thinking Conjecture 
0, 60 0, and 90 0 ). defined angle. 

The students can determine the value of 
trigonometric ratios at particular angles (0 0, 30 0, 
45 0, 60 0, and 90 0 ). 

Applying 
trigonometric ratios 
enables students to 
ascertain a right 
triangle’s unknown 
length of sides 

Bed or bunk bed 
observation 

The students can observe bed or bunk beds by 
sketching or drawing bed models. 
 
The students can identify the position of right 
angles, oblique angles, side angles, and front side 
positions in sketches. 
 
The students can apply trigonometric ratios to 
determine the length of unknown sides in problems 
presented related to beds. 
 

The students can 
solve contextual 
problems related to 
right triangles using 
trigonometric 
ratios. 

Observing an 
image of a skier 
descending an 
iceberg 

The students can identify the position of the angles, 
opposite sides, and hypotenuses in a right triangle, 
which is formed as a sketch of a picture of a skier 
descending an iceberg. 
 
The students can apply the definition of 
trigonometric ratios to skier problems. 
 
The students can solve the problems given in the 
case of skiers. 
 

Table 1: Hypothetical Learning Trajectory in Teaching Experiment 1 

Within phase 1, the research participants comprised 25 10th-grade students attending a Bandung 
City high school. In phase 2, the research participants comprised 25 10th-grade students from a 
different high school within the same municipal area. The initial implementation of the HLT took 
place in the first phase of the teaching experiment to assess the efficacy of the prepared learning 
activity design in investigating students' cognitive patterns.  

Moreover, the results of teaching experiment 1 indicated the need to refine the Hypothetical 
Learning Trajectory (HLT). The enhancement consisted of restructuring the sequence of learning 
activities, providing more explicit scaffolding in constructing right-angled triangles, and 
incorporating intermediate modeling tasks to support students’ transition from contextual 
situations to formal trigonometric representations. Additional guiding questions were also 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      132     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

integrated to facilitate students’ vertical mathematization. Furthermore, contextual problems were 
redesigned to better align with students’ prior knowledge and to strengthen the progression from 
model-of to model-for reasoning. The revised HLT was thus grounded more explicitly in the 
principles of RME to address the identified difficulties. 

First, the instructional design was improved by embedding more meaningful real-world contexts 
to help the students relate trigonometric concepts to their daily experiences, reinforcing the idea 
of mathematics as a human activity. Second, scaffolding strategies were strengthened by 
structuring learning activities progressively, guiding students from informal visual 
representations (e.g., real-life diagrams and sketches) to more formal mathematical models. 
Third, interactive learning moments were emphasized by incorporating collaborative discussions 
and teacher questioning techniques to encourage student reflection and active participation. These 
refinements maintain the core activities of the previous HLT while improving students’ 
engagement with mathematical representations through a more realistic and interactive learning 
approach.  

The revised Hypothetical Learning Trajectory rHLT was implemented in Phase 2 of the teaching 
experiment to examine its effectiveness in a different school setting and diverse learning 
environment. The data-collection protocols included classroom observations, video recordings of 
learning activities, students’ workbooks, and interview recordings with students. 

Before implementing the dHLT, a diagnostic test was conducted. The results showed that 47% of 
students had difficulty constructing right triangles, while 86% experienced difficulties in 
applying trigonometric ratios in contextual problems. After the intervention, the results of the 
final test indicated a significant improvement: 83% of students successfully constructed right 
triangles correctly, and 50% were able to apply trigonometric ratios appropriately. Classroom 
observations also revealed increased student engagement and improved accuracy in representing 
mathematical concepts. These results indicate that the revised Hypothetical Learning Trajectory 
(rHLT), which integrates real-world contexts, scaffolding, and interactive discussions, effectively 
helps students bridge their understanding from informal reasoning to formal mathematical 
representations, in line with the principles of RME. 

Phase 1 of the retrospective analysis involved collecting and analyzing all research data. The 
analysis evaluated the outcomes of implementing the developed Hypothetical Learning 
Trajectory (dHLT) during Teaching Experiment 1. Furthermore, the researcher examined the 
learning activities to determine the extent of students’ understanding of trigonometric ratio 
concepts. The analysis also evaluated the outcomes of the improvements made to the trajectory 
and their implementation during Teaching Experiment 2. This analysis compared the dHLT 
implemented in the first teaching experiment with the revised Hypothetical Learning Trajectory 
(rHLT) applied in the second teaching experiment. 
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The researchers selected six student participants for interviews. These participants represented 
different levels of mathematical ability: two students with high ability, two with medium ability, 
and two with low ability. In addition, interviews were conducted with the mathematics teacher 
who taught trigonometric ratios at the school where the study was conducted. 

 

RESULTS 

The learning trajectory design discussed in this paper consists of a series of student learning 
activities intended to support students’ understanding of trigonometric ratios through the 
Realistic Mathematics Education (RME) approach. The developed Hypothetical Learning 
Trajectory (dHLT) in this study was constructed based on empirical data obtained from 
classroom observations, student interviews, and worksheet analyses during the learning process. 
The findings indicate that students experienced gradual progress in understanding trigonometric 
ratios through a sequence of exploration-based learning activities. 

Based on observation data, the students initially experienced difficulty connecting the concept of 
trigonometric ratios with the right triangles encountered in everyday contexts. However, through 
a sequence of structured learning activities, their understanding gradually developed from 
concrete exploration toward a more formal understanding of trigonometric ratios.  

 

Activity 1: Observation of  “Stretching the Raffia from the Base of the Table to the Top of 
the Student’s Head” 

Activity 1 aims to help the students accurately determine the right angle, opposite side, and 
hypotenuse in a right triangle. The students, divided into groups of 4–5, use contextual equipment 
like raffia, a table, and a peer. One of the students holds one end of the raffia while the other is 
attached to the table base, forming a right triangle with the student’s height and the floor. 
Observations are illustrated in Figure 3. Each group sketches their demonstration (Figure 4), 
identifying key triangle components. Students explain their reasoning for positioning angle θ and 
triangle sides. Those struggling receive guided reinvention through teacher-led discussions. 
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Figure 3: Activity 1 “Stretching a Raffia from the Base of the Table to the Top of a Student’s 
Head” 

 

 

Figure 4: Example of the Student Sketches in Activity 1 

 

Teache
r 

: “Okay, S-1, please explain what you drew.” 

S-1 : "Okay, ma'am, if you look at the instructions in the worksheet, we are asked to 
practice what is written in activity 1, and then we share roles; S-2 ties the raffia 
to the base of the bottom table, S-3 holds the end of the raffia that results from 
extending S-2's raffia, S-4 reads what is on the worksheet, and I make the 
sketch." 

Teache
r 

: "Okay, have you considered whether your sketch will be a right triangle?" 

S-1 : "At first, I did not, Ma'am, but when you said, 'Look if you draw it, is a right 
angle formed?" I remembered." 

Teache
r 

: “Okay, how do you determine the corner points?” 

S-1 : “The benchmarks are at the end of the table legs, Leg S-3, and head S-3, 
Ma'am.” 

Teache
r 

: “Why is that, S-1?” 

S-1 : "Yes, that is what it looks like when drawn, ma'am." 
Teache
r 

: "Okay, the benchmarks that S-1 mentioned earlier make a move from the rapid 
raffia, right?" 

S-1 : “What do you mean, ma’am?” 
Teache
r 

: “Mom, look, you represent the rapier raffia, the floor, and the height of S-2 with 
a line, right?” 

S-1 : "That is right, ma'am." 
Teache : "Well, when you make that line, there is a phase where you turn; that is called a 

Siswa/Student 
Rapia/Tali/Raffia 

 

Lantai/Floor 
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r benchmark." 
S-1 : "Oh yes, that is right, ma'am, that is right." 
Teache
r 

: "S-1, try to determine the right angle, slanted side, front side, and side in the 
sketch you have made!" 

S-1 : "This one is a right angle, this one is the hypotenuse, this one is the front side, 
and this one is the side side." (pointing to the picture). 

Teache
r 

: “How do you determine a right angle, S-1?” 

S-1 : "There is a line like this and like this, ma'am." (pointing at the picture). 
Teache
r 

: "Now, try to observe what degree angle the two lines form, or what angle is it 
called then?" 

S-1 : "Oh yes, ma'am, right angles." 
Teache
r 

: "How do you determine the hypotenuse?" 

S-1 : “The side in front of the right angle, ma'am.” 
Teache
r 

: “How do you determine the front side?” 

S-1 : “This one, ma’am? Yes, the one in front of this corner (pointing to one of the 
corners of the picture)”. 

Teache
r 

: “Okay, how do you determine the side?” 

S-1 : “The one on the front side, ma'am.” 

In this activity, the students identify the expected position, which depends on the angle θ. This 
process helps them determine angles and sides in a right triangle. After completing the task, the 
teacher and the students reflect on positioning the right angle, hypotenuse, and θ, which influence 
side identification. The raffia stretching activity from the table to a student’s head helps visualize 
the relationship between height and shadow length. Observations indicate that the students begin 
recognizing this pattern, even without fully grasping the ratio concept, providing a concrete 
experience before introducing the formal definition. 

 

Activity 2: Observation “Measurement of The Students’ Height and Shadow” 

Activity 2 aims to help the students apply trigonometric ratios (sin θ, cos θ, and tan θ) in real-life 
contexts using right triangle comparisons. The students work in groups to transform comparison 
problems into hands-on tasks. One student stands with their back to a lamp to create a shadow, 
which the group then sketches (Figure 5). Each member takes turns measuring their height and 
shadow length, recording the data in a table (Figure 6). The teacher guides the students in 
determining angle θ and calculating the height-to-shadow length ratio. This activity reinforces the 
concept of trigonometric ratios through visual and practical learning. 
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Figure 5: Activity 2 and Example of The Student Sketches in Activity 2 

 

 

 Your 
name 

Nabila 

Your 
Classmate’

s name 
Bunga 

Your 
Classmate’s 

name 
Naufal M 

Your 
Classmate’

s name 
Jahsyi 

Your 
Classmate’s 

name 
Nalvin 

Height 155 153 173 169 161 

Shadow Height 165 163 183 179 171 

Figure 6: Example of a table of results measuring height and shadow in Activity 2. 

 

This project aims to help the students accurately calculate sin θ, cos θ, and tan θ in their triangle 
sketches (Figure 7). The teacher monitors each group, guiding the students in problem-solving 
while allowing them to use formal or informal methods. Scaffolding is provided to help students 
recall and apply their knowledge of trigonometric ratios. 
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Figure 7: Example of Sketch and Application of Trigonometric Ratios Values in Activity 2 

One of the students (S-5), as a representative of one of the group members, participated in 
presenting activity two and explained how the values of sin , cos , and tan  were obtained. 
After sketching the experiment, this group identified the right angle to determine the other 
positions. The following is a dialogue explaining the concept of trigonometric ratios described by 
the students. 

Teache
r 

: "Okay, S-5. Explain how your group determines each trigonometric ratio value 
requested in the table." 

S-5 : "Okay, Ma'am, first we sketch according to our height in the group, then, from 
the sketch formed, we determine the right angle, draw the symbol on the sketch, 
then determine the angle …..” 

Teache
r 

: "Okay, do you mean identifying the position of a right angle? 

S-5 : "Yes, ma'am." 
Teache
r 

: “What do you mean by determining the angle?” 

S-5 : "So we can determine the front and side, ma'am." 
Teache
r 

: "Okay, what is the next process?" 

S-5 : "Earlier, after determining the angle position , we then wrote down each of our 

heights according to what was measured earlier and wrote down the height of 
the shadow." 

Teache
r 

: “Okay, how do you determine the hypotenuse?” 

S-5 : “Using the Pythagorean theorem, ma'am, with the help of a calculator.” 
Teache
r 

: "Okay, how do you calculate sin , cos , and tan ? 

S-5 : "Well, because the value of sin  is the front per hypotenuse, look at the picture 

(while pointing to picture 1 in UBA 2 Activity 2); the front of the angle is the 

front side, which is 161, and the hypotenuse is 242 so the sin  is 161 per 242. 
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Teache
r 

: “How to calculate cos  and tan ? 

S-5 : "Same here, ma'am, just a different position according to what was learned 
previously: cos means side per hypotenuse, and tan means front per side.” 

The conversation above helped all the students understand the concept of trigonometric ratios 
correctly. At the end of the activity, one of the students reflected on the lesson and concluded 
how to apply trigonometric ratios correctly. Measuring the height and shadow length helped the 
students understand that the ratio between an object's height and its image can be quantified. 
After multiple measurements, most students recognized a consistent pattern in this relationship, 
reinforcing the concept of constant ratios as the foundation for sine, cosine, and tangent. 

 

Activity 3: Experiment with "Making Three Right Triangles from Paper" 

Exercise 3 aims to help the students understand the relationship between similarity and 
trigonometric ratios. In groups of 4–5, the students use scissors, paper, rulers, and worksheets to 
cut rectangular paper into two equal right triangles and identify similarities in three right 
triangles. They explore similarity using diagrams and concrete teaching aids, as illustrated in 
Figures 8 and 9, where some groups present findings through diagrams while others use models. 
The teacher guides the students in recognizing corresponding sides and discovering formal 
patterns of similarity through directed questions, leading them to apply Geometry theorems by 
comparing three similar right triangles. 

 

Figure 8. Activities and Examples of the Student Responses using Teaching Aids in Activity 3. 
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Figure 9. Example of the Student Responses using Diagrams in Activity 3 

The teacher guides the students in identifying the shortest and longest sides of each triangle, 
helping them develop comparative thinking patterns (Figure 10). To deepen understanding, the 
teacher poses questions that draw analogies between similarity and trigonometric ratios (Figure 
9). One example involves a logo on a garbage can placed on an equilateral triangle with a 6 cm 
side length. The students are asked to calculate the logo's height, sketch the triangle, and explain 
the concepts used in their solution.  

  

 =  =  =  

 =  =  =  

 =  =  =  

Figure 10. Example of the Student Responses in Using the Concept of Comparison in Activity 
3. 
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Figure 11. Example of Questions on the Relationship between the Concept of Similarity and 
Trigonometric Ratios in Activity 3. 

 

Figure 12. Example of the Student Responses to Contextual Questions in Activity 3. 

In Figure 12, a group sketches the shape and calculates the logo's height using the Pythagorean 
Theorem, then verifies their results through similarity. The teacher and the students discuss the 
relationship between similarity and trigonometric ratios. By creating three right triangles of 
different sizes, the students observe that side length ratios remain constant for equal angles. Some 
believed the ratios would change initially, but experimentation confirmed their invariance, 
reinforcing a key principle of trigonometric functions. 

 

Activity 4: Observation of "Calendar Image in the form of an Equilateral Triangular 
Prism" 

Activity 4 helps the students determine trigonometric ratios for specific angles (0°, 30°, 45°, 60°, 
and 90°). Working in groups of 4–5, they analyze a calendar image as an equilateral triangular 
prism (Figure 13), extract an equilateral triangle, construct a symmetrical one with a 2-unit side, 
and divide it into two right triangles. Using the Pythagorean Theorem, they calculate unknown 
side lengths and determine trigonometric ratios for 30° and 60°, compiling their results in a table 
(Figure 14). For a 45° angle, the students draw an isosceles right triangle with 1-unit sides, 
calculate the hypotenuse, and determine sin θ, cos θ, and tan θ (Figure 15). By the end of the 
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activity, the students summarize their findings in a table, reinforcing their understanding of 
trigonometric ratios. 

 

Figure 13. Calendar Image and Example of the Student Responses in Making Sketches in 
Activity 4 

 

Figure 14. Example of the Student Responses regarding memorable and unique angles  in 
Activity 4 

 

Figure 15. Example of the Student Responses Regarding Particular Angles  In Activity 4 
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Figure 16. Example of Student Responses Represented in a Table in Activity 4 

By the end of the exercise, the teacher and the students had reached a general conclusion on 
determining the value of trigonometric ratios at particular angles. 

Observing the calendar image as an equilateral triangle helps the students recognize right 
triangles in various visual contexts. This activity increases their ability to identify right triangles 
in everyday objects, making it easier for them to connect trigonometric ratios to real-world 
applications. 

 

Activity 5: Observation of “Bunk Bed” 

Exercise 5 helps the students use trigonometric ratios to determine unknown side lengths in a 
right triangle. The students work in groups of 4-5, analyzing an image (Figure 17) and a 
triangular figure formed by stairs, a bunk bed, and the floor (Figure 18). They then apply 
horizontal mathematization by creating a diagram representing the triangle. The students identify 
whether the shape is a right triangle and describe the given data in a sketch. Using the tangent 
ratio, they calculate the displacement between the floor and the end of the stairs. 

 

Figure 17. Activities and Questions in Activity 5 

Each group’s findings from activity 5 are illustrated in Figure 18.  
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Figure 18. Students’ sketches illustrating the results of Activity 5. 

With teacher guidance, the students sketch a right triangle from the bunk bed, floor, and stairs, 
identifying the right angle and using the given values (37° and 10 cm) to calculate the height with 
the tangent ratio. After solving the problems, one group presents their results, explaining their 
understanding of trigonometric ratios in determining unknown side lengths. The teacher then asks 
questions to assess the student’s comprehension, as shown in the dialogue below. 

Teacher : “Okay, how do you find the length of the unknown side in a right triangle?” 

S-6 : "Begin by sketching the problem, identifying given information such as side 
lengths (opposite, hypotenuse, or adjacent) and known angles. Then, analyze 
the available data to determine the appropriate trigonometric ratio to apply." 

Teacher : “Can you give an example?” 

S-6 : "In the bunk bed problem, after sketching a right triangle, we label the given 
values: a 37° angle between the stairs and floor and a 10 cm distance from the 
bunk bed to the stairs. Using the tangent ratio, we calculate the unknown side 
length, which relates the opposite and adjacent sides.” 

Observing the bed frame helps the students see how trigonometric ratios apply in construction. 
Those who initially struggled with trigonometry begin to connect triangle-side ratios to real-
world structures. This activity reinforces the practical significance of trigonometric ratios in 
design and construction. 
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Activity 6: Observation of “Picture of a Skier Descending an Iceberg” 

Task 6 helps the students apply trigonometric ratios to real-world problems by analyzing 
worksheet images (Figure 19) and solving open-ended questions in groups. Referring to Larson et 
al. (2007), they calculate a skier’s track length on an iceberg (Larson et al., 2007), and one group 
presents their findings to conclude the learning outcomes (Figure 20). 

 

Figure 19. Questions in Activity 6 

 

Figure 20. Example of the Student Responses to Activity 6 

Observing an image of a skier descending an iceberg introduces the concept of slope about 
terrain and movement. The students connect slope angles to right triangle ratios, enhancing their 
understanding of the tangent function. This activity reinforces that trigonometry applies not only 
to static shapes but also to dynamic phenomena. 

 

DISCUSSION 

Learning activities using the Realistic Mathematics Education approach regarding trigonometric 
ratios followed by the students consist of six activities, namely raffia stretching activities, the 
student height measurement activities, activities to make three right triangles from paper, 
activities to observe calendar images, activities to observe bunk bed images, and activities to 
observe skier images. Each activity has its purpose and is interrelated and continuous. The goals 
of each action are outlined below: Firstly, stretching the raffia allows the students to determine 
the location of the angles and sides of a right triangle. Secondly, measuring the height of the 
students and their shadows allows the students to apply the concept of trigonometric ratios. 3) 
Creating a teaching tool including three right triangles is intended to facilitate the student’s 
comprehension of the correlation between resemblance and trigonometric ratios. 4) Observing the 
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calendar image permits the students to ascertain the numerical value of trigonometric ratios at 
specific angles. The objective of viewing the bunk bed image is to help the students apply 
trigonometric ratios to ascertain the length of the desired side in a right triangle. Similarly, 
observing the skier image seeks to empower the students in solving contextual difficulties by 
employing the concept of trigonometric ratios. Every worksheet provided incorporates the 
specific features of the Realistic Mathematics Education pedagogy about trigonometric ratios. 
These findings corroborate Subekti's assertion that student worksheets will enhance learning 
(Subekti & Prahmana, 2021). 

Applying a realistic approach to teaching mathematics in various activities in the learning 
process should facilitate the student’s understanding of mathematical skills and allow teachers to 
help the students effectively achieve learning goals (Ekowati & Nenohai, 2017). Students' 
understanding improves because the process of learning mathematics that follows Realistic 
Mathematics Education utilizes the environment around the world to encourage students to 
produce ideas and develop their knowledge (Nirawati et al., 2021).  

According to research done by Sukendra (2020), a series of learning process activities with the 
RME approach can significantly facilitate students' understanding of the trigonometric 
comparison concept (Sukendra, 2020). Therefore, deliberate learning paths encourage students to 
build their knowledge, improve their current skills, and effectively overcome challenges in many 
subjects (Prahmana et al., 2017; Nursyahidah et al., 2020; Wijaya et al., 2021; Kuncoro et al., 
2023).  

 

CONCLUSIONS  

This study aims to develop a learning trajectory for trigonometric ratios using the Realistic 
Mathematics Education (RME) approach. Prior to the intervention,  the results of the diagnostic 
test indicated that many students experienced difficulties in understanding trigonometric ratio 
concepts, particularly in constructing right triangles and applying trigonometric ratios in 
contextual problems. The findings of this study indicate that the implementation of the revised 
Hypothetical Learning Trajectory (rHLT) based on the RME approach can improve students’ 
mathematical proficiency in understanding trigonometric ratio concepts. 

The learning trajectory designed in this study consists of six learning activities. Through a 
sequence of continuous learning activities, students gradually develop their conceptual 
understanding of trigonometric ratios. Their understanding develops from identifying the 
positions of angles and sides, applying the definition of trigonometric ratios in contextual 
situations, understanding the relationship between similarity and trigonometric ratios, 
determining the values of trigonometric ratios at specific angles, applying trigonometric ratios, 
and solving contextual problems involving trigonometric ratios. 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      146     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

 

 REFERENCES 

[1] Aiyub, A., Suryadi, D., Fatimah, S., Kusnandi, K., & Abidin, Z. (2024). Investigation of 
students’ mathematical thinking processes in solving non-routine number pattern 
problems: A hermeneutics phenomenological study. Mathematics Teaching Research 
Journal, 16(1), 54–78. https://files.commons.gc.cuny.edu/wp-
content/blogs.dir/34462/files/2024/06/3.pdf 

[2] Andiani, D., Nurlaelah, E., & Darhim, D. (2024). Development of a Local Instruction 
Theory for Trigonometric Ratios. Jurnal Matematika Kreatif-Inovatif, 15(2), 481–500. 
https://doi.org/https://doi.org/10.15294/dk629522 

[3] Blackett, N., & Tall, D. (1991). Gender and the versatile learning of trigonometry using 
computer software (Vol. 1). https://www.semanticscholar.org/paper/Gender-and-the-
versatile-learning-of-trigonometry-Blackett-
Tall/314b35c0102d2d282259eb70eb8f22cf0fcbb8d3 

[4] Brousseau, G. (2002). Theory of Didactical Situations in Mathematics: Didactique des 
Mathématiques, 1970-1990 (N. Balacheff, M. Cooper, R. Sutherland, & V. Warfield, 
Eds.). Kluwer Academic Publishers. https://rd.springer.com/content/pdf/bfm:978-0-306-
47211-4/1.pdf 

[5] Chahine, I. C., & Grinshpon, M. (2020). Using Knowledge Space Theory to Delineate 
Critical Learning Paths in Calculus. International Journal of Learning, Teaching and 
Educational Research, 19(3), 123–148. https://doi.org/10.26803/ijlter.19.3.8 

[6] Clements, D. H. (2011). Learning Trajectories: Foundations for Effective, Research-
Based Education. https://files.eric.ed.gov/fulltext/ED585998.pdf 

[7] Demir, K., Sutton-Brown, C., & Czerniak, C. (2012). Constraints to changing 
pedagogical practices in higher education: An example from Japanese lesson study. 
International Journal of Science Education - INT J SCI EDUC, 34, 1–31. 
https://doi.org/10.1080/09500693.2011.645514 

[8] Ekowati, Ch. K., & Nenohai, J. M. H. (2017). The development of thematic mathematics 
book based on environment with a realistic approach to implant the attitude of caring 
about environment at students of elementary school grade one in Kupang. International 
Journal of Higher Education, 6(1), 112–121. https://doi.org/10.5430/ijhe.v6n1p112 

[9] Ellis, A. B., Weber, E., & Lockwood, E. (2014). The Case for Learning Trajectories 
Research. In S. Oesterle, P. Liljedahl, C. Nicol, & D. Allan (Eds.), Proceedings of the 
Joint Meeting 3 - 1 of PME 38 and PME-NA 36 (Vol. 3, pp. 1–8). PME. 
https://files.eric.ed.gov/fulltext/ED599797.pdf 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      147     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

[10] Freudenthal, H. (1973). Mathematics as an educational task. Reidel Publishing 
Company. 
https://books.google.co.id/books?id=CarsCAAAQBAJ&printsec=frontcover#v=onepage
&q&f=false 

[11] Freudenthal, H. (1991). Revisiting Mathematics Education: China Lectures (A. J. Bishop, 
Ed.; Vol. 9). Kluwer Academic Publishers. https://p4mriunismuh.wordpress.com/wp-
content/uploads/2010/08/revisiting-mathematics-education.pdf 

[12] Gravemeijer, K. (1994). Developing Realistic Mathematics Education. Utrecht, 
Freudenthal Institute. 
https://www.fisme.science.uu.nl/publicaties/literatuur/1994_gravemeijer_dissertation_0_
222.pdf 

[13] Gravemeijer, K. (2004). Learning Trajectories and Local Instruction Theories as Means 
of Support for Teachers in Reform Mathematics Education. Mathematical Thinking and 
Learning (Math Think Learn), 6(2), 105–128. 
https://doi.org/10.1207/s15327833mtl0602_3 

[14] Gravemeijer, K., & Doorman, M. (1999). Context Problems in Realistic Mathematics 
Education: A Calculus Course as an Example. Educational Studies in Mathematics, 
39(1–3), 111–129. https://doi.org/10.1023/a:1003749919816 

[15] Gravemeijer, K., & Terwel, J. (2000). Hans Freudenthal: A mathematician on didactics 
and curriculum theory. Journal of Curriculum Studies, 32(6), 777–796. 
https://doi.org/10.1080/00220270050167170 

[16] Gravemeijer, K., & Van Eerde, D. (2009). Design research as a means for building a 
knowledge base for teachers and teaching in mathematics education. The Elementary 
School Journal, 109(5), 510–524. https://eric.ed.gov/?id=EJ844056 

[17] Hamdani, V., Armiati, Arnawa, I. M., & Jamaan, E. Z. (2023). Hypothetical Learning 
Trajectory Trigonometry Based on Problem-Based Learning with Jambi Malay 
Ethnomathematics Nuances. Al-Jabar: Jurnal Pendidikan Matematika, 14(2), 267–279. 
https://www.researchgate.net/publication/378079112_Hypothetical_learning_trajectory_t
rigonometry_based_on_problem-
based_learning_with_Jambi_Malay_ethnomathematics_nuances/fulltext/65c618ca1e1ec1
2eff7dc68f/Hypothetical-learning-trajectory-trigonometry-based-on-problem-based-
learning-with-Jambi-Malay-ethnomathematics-nuances.pdf 

[18] Hershkowitz, R., Tabach, M., & Dreyfus, T. (2016). Creativity within Shifts of 
Knowledge in The Mathematics Classroom. Zdm, 49, 25–36. 
https://api.semanticscholar.org/CorpusID:255427944 

[19] Hidayati, I., & Armiati. (2024). Hypothetical Learning Trajectory of the Trigonometric 
Ratios Based on Contextual Teaching and Learning with the Nuances of Melayu Riau 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      148     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

Ethnomathematics. AIP Conference Proceedings, 3024(1), 050013. 
https://doi.org/10.1063/5.0205595 

[20] Insani, M. I., & Kadarisma, G. (2020). Analisis Epistemological Obstacle Siswa SMA 
pada Materi Trigonometri. JPMI - Jurnal Pembelajaran Matematika Inovatif, 3(5), 547–
558. https://doi.org/10.22460/jpmi.v3i5.547-558 

[21] Kamber, D., & Takaci, D. (2017). On problematic aspects in learning trigonometry. 
International Journal of Mathematical Education in Science and Technology, 49(2), 1–
15. https://doi.org/10.1080/0020739X.2017.1357846 

[22] Kendal, M., & Stacey, K. (1997). Teaching Trigonometry. Vinculum, 34(1), 4–8. 
https://arc.educationapps.vic.gov.au/5add73b5-69c3-4e05-8ae2-
154fc2dc2b02/kendalstacey-trig.pdf.rsf 

[23] Kuncoro, K. S., Juandi, D., Hidayat, R., & Prabowo, A. (2023). Prospective analysis on 
the topic of similarity: Designing a hypothetical learning trajectory to overcome learning 
obstacles. Journal of Didactic Studies, 1(1), 47–63. 
https://doi.org/10.17509/jds.v1i1.59051 

[24] Larson, R., Boswell, L., Kanold, T. D., & Stiff, L. (2007). Geometry. McDougal Littell. 
http://www.mcdougallittell.com 

[25] Lessani, A., Yunus, A. S. Md., & Abu Bakar, K. B. (2017). Comparison of New 
Mathematics Teaching Methods with Traditional Method. PEOPLE: International 
Journal of Social Sciences, 3(2), 1285–1297. 
https://doi.org/10.20319/pijss.2017.32.12851297 

[26] Lu’lu’il Maknun, C., Rosjanuardi, R., & Jupri, A. (2022). Epistemological Obstacle in 
Learning Trigonometry. MATHEMATICS TEACHING RESEARCH JOURNAL, 14(2), 5–
25. https://files.eric.ed.gov/fulltext/EJ1350528.pdf 

[27] Maknun, C. L., Rosjanuardi, R., & Jupri, A. (2019). From ratios of right triangle to unit 
circle: An introduction to trigonometric functions. Journal of Physics: Conference Series, 
1157(2), 1–6. https://doi.org/10.1088/1742-6596/1157/2/022124 

[28] Maphutha, K., Maoto, S., & Mutodi, P. (2023). Exploring Grade 11 Learners’ 
Mathematical Connections When Solving Two-Dimensional Trigonometric Problems in 
an Activity-Based Learning Environment. Journal on Mathematics Education, 14(2), 
293–310. https://doi.org/10.22342/jme.v14i2.pp293-310 

[29] Meika, I. (2018). Local Instruction Theory Kombinatorika dalam Pendekatan Pendidikan 
Matematika Realistik untuk Mengembangkan Kemampuan Pemodelan Matematis Siswa 
Sma. Universitas Pendidikan Indonesia. https://repository.upi.edu/45865/ 

[30] Nasrulloh, M. F., & Zahiro, A. Z. (2023). Development of Student Mathematics Teaching 
Based on Contextual Education to Improve Mathematical Literacy Ability. 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      149     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

APPLICATION: Applied Science in Learning Research, 2(3), 159–163. 
https://ejournal.unwaha.ac.id/index.php/application/article/view/1946/1901 

[31] Ngu, B. H., & Phan, H. P. (2020). Learning to solve trigonometry problems that involve 
algebraic transformation skills via learning by analogy and learning by comparison. 
Frontiers in Psychology, 11. https://doi.org/10.3389/fpsyg.2020.558773 

[32] Nirawati, R., Darhim, Fatimah, S., & Juandi, D. (2021). Realistic mathematics learning 
on students’ ways of thinking. Mathematics Teaching Research Journal, 112(4), 112–
130. https://commons.hostos.cuny.edu/mtrj/ 

[33] Nordlander, M. C. (2022). Lifting the understanding of trigonometric limits from 
procedural towards conceptual. International Journal of Mathematical Education in 
Science and Technology, 53(11), 2973–2986. 
https://doi.org/10.1080/0020739X.2021.1927226 

[34] Nursyahidah, F., Saputro, B. A., Albab, I. U., & Aisyah, F. (2020). Pengembangan 
learning trajectory based instruction materi kerucut menggunakan konteks megono 
gunungan. Jurnal Pendidikan Matematika Mosharafa , 9(1), 47–58. 
http://journal.institutpendidikan.ac.id/index.php/mosharafa 

[35] Panhuizen, M. V. den H., & Drijvers, P. (2014). Encyclopedia of Mathematics Education: 
Realistic Mathematics Education. In S. Lerman (Ed.), Encyclopedia of Mathematics 
Education (1st ed.). Springer Dordrecht. https://doi.org/10.1007/978-94-007-4978-8 

[36] Panhuizen, M. van D. H. (2003). The Didactical Use of Models in Realistic Mathematics 
Education: An Example from a Longitudinal Trajectory on Percentage. Educational 
Studies in Mathematics, 54, 9–35. 
https://link.springer.com/article/10.1023/B:EDUC.0000005212.03219.dc 

[37] Prahmana, R. C. I., Kusumah, Y. S., & Darhim. (2017). Didactic trajectory of research in 
mathematics education using research-based learning. Journal of Physics: Conference 
Series, 893(1), 1–5. https://doi.org/10.1088/1742-6596/893/1/012001 

[38] Pramesti, G., Surjatiningsih, M., & Nastiti, B. T. Y. (2024). Is Learning Trajectory 
Necessary for Mathematics Junior High School Students’ Understanding Ability? Unnes 
Journal of Mathematics Education, 13(2), 171–184. 
https://doi.org/10.15294/ujme.v13i2.11587 

[39] Rianasari, V. F., & Guzon, A. F. H. (2024). Designing Learning Trajectory to Support 
Preservice Mathematics Teachers’ Skills in Creating and Implementing Realistic 
Mathematics Tasks. Journal on Mathematics Education, 15(3), 701–716. 
https://doi.org/10.22342/jme.v15i3.pp701-716 

[40] Saputra, C. G., Kesumawati, N., & Fuadiah, N. F. (2021). Hypothetical Learning 
Trajectory pada Pembelajaran Perbandingan Trigonometri untuk Siswa SMA. Jurnal 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      150     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

Didaktis Indonesia, 1(2), 115–125. 
http://www.journal.didaktis.id/index.php/jurnaldidaktisindonesia/article/view/14/17 

[41] Saputri, F., Jazim, & Vahlia, I. (2020). Pengembangan Bahan Ajar Matematika 
Menggunakan Pendekatan Realistic Mathematic Education (RME). EMTEKA: Jurnal 
Pendidikan Matematika, 1(1), 24–35. 
https://scholar.ummetro.ac.id/index.php/emteka/article/download/378/213 

[42] Subekti, M. A. S., & Prahmana, R. C. I. (2021). Developing interactive electronic student 
worksheets through discovery learning and critical thinking skills during pandemic era. 
Mathematics Teaching Research Journal, 13(2), 137–176. 
https://hostos.cuny.edu/MTRJ/archives/vol/v13n2-Developing-Interactive-Electronic-
Student-Worksheets-v2.pdf 

[43] Sugianto, R., In’am, A., & Syaifuddin, M. (2023). Kendala siswa dalam mengatasi 
kesulitan belajar trigonometri: Youtube sebagai sumber belajar matematika. Jurnal 
Inovasi Teknologi Pendidikan, 9(3), 312–327. https://doi.org/10.21831/jitp.v9i3.52089 

[44] Sukendra, I. (2020). Developing teaching materials for trigonometry in mathematics with 
realistic orientation using HOTS questions. Journal of Physics: Conference Series, 1663, 
1–6. https://doi.org/10.1088/1742-6596/1663/1/012020 

[45] Tahiri, J. S., Bennani, S., & Idrissi, M. K. (2017). diffMOOC: Differentiated Learning 
Paths Through the Use of Differentiated Instruction within MOOC. International Journal 
of Emerging Technologies in Learning, 12(3), 197–218. 
https://doi.org/10.3991/ijet.v12i03.6527 

[46] Treffers, A. (1987). Three Dimensions. In Three Dimensions. Springer Netherlands. 
https://doi.org/10.1007/978-94-009-3707-9 

[47] Van den Heuvel-Panhuizen, M., & Drijvers, P. (2020). Realistic Mathematics Education. 
In S. Lerman (Ed.), Encyclopedia of Mathematics Education (pp. 713–717). Springer 
International Publishing. https://doi.org/10.1007/978-3-030-15789-0_170 

[48] Weber, K. (2005a). Students’ understanding of trigonometric functions. Mathematics 
Education Research Journal, 17(3), 91–112. https://doi.org/10.1007/BF03217423 

[49] Weber, K. (2005b). Students’ Understanding of Trigonometric Functions. Mathematics 
Education Research Journal, 17(3), 91–112. https://doi.org/10.1007/BF03217423 

[50] Widyanti, N., Haryani, D., Subagjo, A., Hamdani, M., & Hasan, Q. A. (2022). Analysis 
of The Difficulties of Class X Students of SMKN 4 Palangka Raya in Solving 
Trigonometry Problems. Jurnal Pendidikan, 23(1), 29–38. 
https://doi.org/10.52850/jpn.v23i1.4667 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      151     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

[51] Wijaya, A., Elmaini, & Doorman, M. (2021). A learning trajectory for probability: A case 
of game-based learning. Journal on Mathematics Education, 12(1), 1–16. 
https://doi.org/10.22342/JME.12.1.12836.1-16 

[52] Wilson, P. H., Mojica, G. F., & Confrey, J. (2013). Learning Trajectories in Teacher 
Education: Supporting Teachers’ Understandings of Students’ Mathematical Thinking. 
The Journal of Mathematical Behavior, 32(2), 103–121. 
https://doi.org/https://doi.org/10.1016/j.jmathb.2012.12.003 

[53] Wilson, P. H., Sztajn, P., Edgington, C., & Myers, M. (2015). Teachers’ Uses of a 
Learning Trajectory in Student-Centered Instructional Practices. Journal of Teacher 
Education, 66(3), 227–244. https://doi.org/10.1177/0022487115574104 

[54] Yuanita, P., Zulnaidi, H., & Zakaria, E. (2018). The effectiveness of Realistic 
Mathematics Education approach: The role of mathematical representation as mediator 
between mathematical belief and problem solving. PLoS ONE, 13(9). 
https://doi.org/10.1371/journal.pone.0204847 

[55] Zhao, J., Mao, H., Mao, P., & Hao, J. (2024). Learning Path Planning Methods Based on 
Learning Path Variability and Ant Colony Optimization. Systems and Soft Computing, 6, 
1. https://doi.org/10.1016/j.sasc.2024.200091 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 


