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Abstract 

Primary school students frequently encounter plane figures’ perimeter and area. Using 

an onto-semiotic approach, this study examine students' learning challenges when 

learning the plane figures’ perimeter and area. As part of the didactic design research, 

this study used an interpretive paradigm. The study included 25 fourth-grade students 

in one of elementary school in Sidoarjo, Indonesia. Data was gathered through tests, 

interviews, and documentation, as well as descriptive analysis techniques. The results 

showed that students face three types of learning obstacles, i.e. ontogenic, 

epistemological, and didactic. Students have difficulty describing plane figures, 

understanding mathematical situations in problems, and using mathematical 

procedures to solve problems using the onto-semiotic approach. This study examines 

students' reactions to learning about the plane figures’ perimeter and area. 

Furthermore, the findings of this study serve as a starting point for educators, 

practitioners, and researchers in developing new didactic designs. So that grade four 

primary students can overcome the obstacles discovered.  

Keywords: learning obstacles, plane figures, onto-semiotic approach. 

 

Abstrak 

Siswa sekolah dasar sering menjumpai keliling dan luas bangun datar. Dengan 

menggunakan pendekatan onto-semiotik, penelitian ini mengkaji hambatan belajar 

siswa dalam mempelajari keliling dan luas bangun datar. Sebagai bagian dari 

penelitian desain didaktik, penelitian ini menggunakan paradigma interpretif. 

Penelitian ini melibatkan 25 siswa kelas empat di salah satu sekolah dasar di 

Sidoarjo, Indonesia. Pengumpulan data dilakukan melalui tes, wawancara, dan 

dokumentasi, serta teknik analisis deskriptif. Hasil penelitian menunjukkan bahwa 

siswa menghadapi tiga jenis hambatan belajar, yaitu ontogenik, epistemologis, dan 

didaktik. Siswa mengalami kesulitan mendeskripsikan bangun datar, memahami 

situasi matematis dalam masalah, dan menggunakan prosedur matematis untuk 
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menyelesaikan masalah dengan menggunakan pendekatan onto-semiotik. Penelitian 

ini menguji reaksi siswa terhadap pembelajaran tentang keliling dan luas bangun 

datar. Selanjutnya, temuan penelitian ini menjadi titik awal bagi pendidik, praktisi, 

dan peneliti dalam mengembangkan desain didaktik baru. Sehingga siswa kelas 

empat sekolah dasar dapat mengatasi hambatan yang ditemukan. 

  Kata kunci: hambatan belajar, bangun datar, pendekatan onto-semiotik. 

 

INTRODUCTION 

Mathematics in primary school is essential to support the potential of mathematics 

performance at the next level (Deruaz et al., 2020). Mathematics has a structured and 

organized nature (Purnomo, Salsabila, Nafisa, Rahmawati, & Mawaddah, 2021). In this case, 

content knowledge and student prerequisites are essential to note  (Glogger-Frey, Deutscher, 

& Renkl, 2018). However, primary school students' content knowledge and mathematical 

prerequisites are often problematic (Achmetli, Schukajlow, & Rakoczy, 2019). So, primary 

school students have difficulty in solving problems  (Kusumadewi & Retnawati, 2020). 

Primary school students often have difficulty learning and solving perimeter and area 

problems (Nur'aeni, Pranata, Hodidjah, Apriani, & Suryati, 2019; Hwang, Hoang, & Tu, 

2020). It has an effect on primary school students' low learning outcomes in-plane figures’ 

perimeter and area (Espejo, Woods, Schools, Deters, & View, 2011; Hanifaturrochmah, Sary, 

& Azizah, 2021). Research results by Fauzi and Arisetyawan (2020) found that the percentage 

of learning outcomes from 26 students who answered the perimeter of plane figures correctly 

was 4 students (15.3%) and 22 students (84,7%) answered incorrectly. Meanwhile, only 1 

student (3.8%) answered the area of plane figures correctly and 25 students (96.2%) answered 

incorrectly. Students often have difficulty to solve perimeter and area problems using 

concepts, principles, and verbal problems (Abadi & Amir, 2022; Fauzi & Arisetyawan, 2020). 

Other difficulties experienced are spatial relationship disorders, visual perception 

abnormalities, and difficulties using symbols, language, and reading (Simbolon, Sofiyan, & 

Ramadhani, 2019). These difficulties can affect students' success in learning the following 

material, namely building space (Fauzi & Arisetyawan, 2020). These difficulties cause 

students to experience obstacles in processing and constructing knowledge (Jatisunda, 2019). 

Obstacles are seen as bits of information gleaned from didactic situations that lead to 

the formation of incorrect concepts (Brousseau, 2002). Students face three types of challenges 

when it comes to completing the plane figures’ perimeter and area: ontogenic, 

epistemological, and didactic (Hermawan, Nur, Abdul, Lidinillah, & Apriani, 2021; Suryati & 

L, 2020).  Epistemology is an obstacle that comes from the limitations of students in 

understanding knowledge of certain concepts. It relates to restrictions when first 
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understanding the concept. Ontogenic is an obstacle that comes from the constraints of 

students during the development process. So, it is related to cognitive maturity and mental 

readiness. Didactic is an obstacle to the teachers' teaching (Fauzi & Suryadi, 2020; Rachma & 

Rosjanuardi, 2021). 

Obstacles studied on the plane figures’ perimeter and the area must be thoroughly 

examined. This study can help teachers to create appropriate didactic designs for their 

students. The onto-semiotic approach can assist in concentrating on what needs to be 

examined (Rachma & Rosjanuardi, 2021). An onto-semiotic approach considers the nature or 

meaning of mathematical objects and includes three aspects of mathematics: problem-solving, 

symbolic language, and organized logical and conceptual systems (Godino, Batanero, & Roa, 

2005). The mathematical objects in this study include: (1) language (terms, notations, 

expressions, graphics); (2) mathematical problem situations; (3) the definition or description 

of a mathematical idea; (4) proposition, property, or attribute; (5) procedures (operations, 

algorithms, or mathematical problem-solving strategies); and (6) justifying and explaining 

mathematical propositions and procedures, arguments are used (Amin, Juniati, & Sulaiman, 

2018; Godino, Burgos, & Gea, 2021) 

The onto-semiotic approach has been used to analyze the obstacles to learning 

mathematics based on previous research: (1) analyze students' understanding of algebra using 

the onto-semiotic approach, which focuses on language components, descriptions, procedures, 

propositions, and arguments (Amin et al., 2018); (2) examine learning obstacles related to 

sequences and series, with a focus on situation components, descriptions, and procedures 

(Rachma & Rosjanuardi, 2021); (3) examine students' difficulties with the Pythagorean 

theorem, focusing on language elements, situations, descriptions, procedures, propositions, 

and arguments (Rudi, Suryadi, & Rosjanuardi, 2020); (4) analyze the understanding of 

integration focusing on language components, problems, concepts, procedures, propositions, 

and arguments (Borji & Font, 2019). 

Thus, based on the facts of the research findings, the students' primary challenge in 

calculating the plane figures’ perimeter and the area is the application of principles, concepts, 

and verbal communication. Meanwhile, the onto-semiotic approach has the characteristics of 

analyzing the obstacles that occur in mathematical objects that use and understand concepts 

and principles verbally. Furthermore, the study of learning obstacles employs an onto-

semiotic approach that focuses on language, situations, and procedures, which are only 

available to high school students (Burgos & Godino, 2020; Godino, Font, Wilhelmi, & 

Lurduy, 2010). This study will analyze learning obstacles using an onto-semiotic approach to 
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primary school students. It needs to be done to ensure that primary school students' 

mathematical knowledge does not experience mathematical obstacles, so that students have 

good mathematical performance in the next material and at the next level (Fitriani, Mulyasari, 

Mufliva, & Harsa, 2019; Kenedi, Helsa, Ariani, Zainil, & Hendri, 2019). As a result, this 

research aims to examine the challenges that primary school students face when solving the 

problem of plane figures’ perimeter and area using the onto-semiotic approach.  

METHODS 

The stages of research in didactic design (DDR) consist of (1) situational analysis in 

didactic, which is an analysis to predict conditions that will occur to those that may occur in 

learning; (2) metapedadidactic analysis is an analysis during the process of implementing 

activities that present the relationship between three aspects, namely educators, students, and 

teaching materials, and (3) the results of the hypothetical didactic situation analysis are linked 

to the results of the metapedadidactic analysis in a retrospective analysis (Suryadi, 2011). As 

part of DDR, this research employs an interpretive paradigm. The interpretive paradigm is 

concerned with how individual and group perspectives influence the meaning of knowledge 

(Creswell, 2018). It refers to the outcomes of the didactic situation in this case. The 

interpretive paradigm is used to identify obstacles that students face when learning about the 

plane figures’ perimeter and area. As a result, this research is the first stage of DDR. As a 

result, this research can be continued to develop a new didactic design based on the 

discovered learning obstacles.  

The students in this study were fourth-graders from one of primary school in Sidoarjo, 

East Java, the total of 25 primary four-graders. Tasks, interviews, and documentation were 

used to collect the data. Students are given tasks to determine the different types of obstacles 

that can be found in the plane figures’ perimeter and area. Three students who indicated they 

were having difficulty learning were chosen to be interviewed based on their responses to the 

task. Semi-structured interviews were conducted to learn more about the challenges that 

students faced. The documentation in this study was used to analyze the fourth-grade 

textbooks used during the teaching and learning process. 

This research instrument is a modified the representation task with one item related to 

the perimeter and area of a plane figure (Clarke & Roche, 2018), presented in Figure 1. 
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Figure 1. Perimeter and Area Problems 

Students' answers from the task results were analyzed using descriptive analysis 

techniques that refer to a language, situation, and procedure focused onto-semiotic approach. 

According to Amin et al (2018) and Font, Godino, & Amore (2015) based on mathematical 

objects in the onto-semiotic approach, indicators are made in Table 1 to analyze students' 

obstacles. 

Make two plane figures that have the same area relationship, but have different 

perimeters. Then state the relationship between the area and perimeter of the two figures 

mathematically. 

Answer : 

 

Identify the relationship between the area and perimeter of the two shapes that you 

make mathematically 
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Table 1. Indicators of Learning Obstacles in the Plane Figures’ Perimeter and Area  

Problem Solved Using an Onto-Semiotic Approach 

Obstacles / 

Onto-semiotic 
Indicator 

Obstacle Through Onto-

semiotic Approach 

Obstacle Through Onto-semiotic 

Approach in the Perimeter and Area  

Epistemology 

Language Pictures, symbols, or 

mathematical terms used by 

students are associated with the 

development of their knowledge 

Describing two different plane figures 

but not having the same area 

relationship and different perimeters 

Situation  Dealing with mathematical 

situations is associated with the 

development of their knowledge 

Understanding the area and perimeter of 

plane figures but not relating it to the 

relationship between the same area and 

different perimeters 

Procedure Solving mathematical problems 

chosen by students is associated 

with the development of their 

knowledge 

Performing calculations according to 

the formula for the area and perimeter 

of plane figures. But not related to the 

concepts in the problem 

Ontogenic 

Language Pictures, symbols, or 

mathematical terms used by 

students are associated with 

students' readiness for the 

concepts being studied 

Drawing two plane figures of the same 

type 

Situation  Dealing with mathematical 

situations is associated with 

students' readiness for the 

concepts being studied 

Understanding plane figures but do not 

understand the concept of area and 

perimeter of plane figures 

Procedure Problem-solving that students 

choose is associated with 

students' readiness for the 

concepts being studied 

Performing calculations that are not by 

the formula for the area and perimeter 

of plane figures 

Didactic 

Language Pictures, symbols, or 

mathematical terms used by 

students are related to the 

teachers' teaching method 

Describing plane figures that tend to be 

common 

Situation  Dealing with mathematical 

situations is related to the 

teachers' teaching method 

Understanding plane figures are only 

limited to what is taught 

Procedure Problem-solving chosen by 

students is related to the 

teachers' teaching method 

Performing calculations that do not 

fully comply with the formula for the 

area and perimeter of plane figures 
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RESULTS AND DISCUSSION 

Based on task responses, interview results, and teaching materials documentation. 

Ontogenic, epistemological, and didactic challenges are all faced by students. These 

roadblocks are examined through an onto-semiotic lens that focuses on language, situations, 

and procedures.  

Epistemological Obstacle  

 Epistemological obstacles are related to students' limitations in using their knowledge 

in specific contexts. Once students already know the formulas for finding plane figures’ 

perimeter and area, epistemological obstacles in solving plane figures’ perimeter and area can 

be identified. Students, however, are unable to apply them in specific situations. A total of ten 

students (40%) faced an epistemological challenge, as did student A in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Student Response A 

Figure 2 shows student A drawing a 4 cm x 4 cm square and a 7 cm x 3 cm rectangle. 

Student A believes the two plane figures share the same area relationship but have different 

perimeters. However, mathematically judging from the proof of the answer does not show this 

relationship. Based on the interviews, students did not understand the existing problems; they 

had to describe two plane figures with the same area but different perimeters, so from Figure 

2, we get plane figures with an area of 16 cm2 and 21 cm2. It demonstrates that primary school 
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students struggle with geometry problems (Hock, Tarmizi, Aida, & Ayub, 2015; Hwang et al., 

2019; Nurkaeti, 2018; Sholihah & Afriansyah, 2018). 

Usually, students get questions in the form of plane figures with a specific size to 

directly determine the perimeter and area. So that when they encounter questions that require 

drawing plane figures with particular provisions, students have difficulty. This inability is 

caused by the limited context when students first learn the concept of plane figures' perimeter 

and area. It means that the mathematics learning obtained by students is not indicated, so 

students' understanding of mathematical concepts is still weak (Morsanyi, van Bers, 

McCormack, & McGourty, 2018; Soviawati, 2011). Students should be taught to build their 

understanding independently through a series of activities that can support them in making 

their developed models and understanding the plane figures' perimeter and area (Tzoumpa, 

Karvounidis, & Douligeris, 2020; Winarti, Amin, Lukito, & Gallen, 2012). With this model, 

students can use it to solve problems in different contexts. According to the onto-semiotic 

approach, students with language difficulties have difficulty in describing two plane figures 

with the same area but different perimeters. Students also do not understand the mathematical 

situation and do not perform the correct procedure in solving problems. 

Ontogenic Obstacle 

The ontogenic obstacle is related to students' mental readiness for learning. When 

students do not fully understand the perimeter and area formulas, ontogenic obstacles in 

solving plane figures’ perimeter and area can be identified. A total of 15 students (60%) 

experienced ontogenic obstacles, as did student B in Figure 3. 

 

 

 

 

 

 

Figure 3. Student Response B 

In Figure 3, it can be seen that student B wrote a different perimeter formula. In the first 

plane figures, student B writes the formula for the perimeter is 2 x sides, and then the 

perimeter formula for the second shape is 3 x sides. Based on the interview results, student B 

made a mistake by replacing the number four in the formula for the perimeter of the square 

with the side length of the square that the perimeter would be looking for. In essence, the 
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number four is absolute. It comes from the nature of a square having sides of equal length and 

opposite sides parallel so that the formula for the perimeter of a square can be written as K = 

4 x sides (Suryaningtyas, 2019). Errors in writing formulas are often experienced by students 

(Leong, Cheng, Toh, Kaur, & Toh, 2019). In addition, students also have difficulty in 

determining mathematical formulas and concepts that are applied to a problem (Hwang et al., 

2019; Nurkaeti, 2018). Another mistake of student B is when student B interprets the side in 

the formula for the perimeter of a square he wrote as the result of its area. This error can be 

motivated by the inability of students to remember a sufficient condition for an object which 

is expressed in terms that represent the concept of the perimeter of a square  (Fauzi & 

Arisetyawan, 2020; Peng & Lin, 2019). Students have been unable to solve mathematical 

procedures correctly by using the onto-semiotic approach. They could not draw plane figures 

with the same relationship area and different perimeters as did student C in Figure 4. 

 
Figure 4. Student Response C 

Based on the interview results, student C chose to draw a square because, according to 

him, the easy plane figure is a square. Suppose it is adjusted to the problem in the problem 

that asks students to draw two plane figures with the same relationship area but different 

perimeters. In that case, students will not find this relationship in the exact two plane figures 

because the area of a square is the number of unit squares covering the entire square area 

(Suryaningtyas, 2019). So, if two squares are of different sizes, different numbers of unit 

squares are needed to cover the whole square area exactly. Students struggle to describe two 

plane figures that have the same area but distinct perimeters using the onto-semiotic approach. 

Students also do not perform mathematical procedures correctly to solve problems. 

Didactic Obstacle 

The didactic obstacle can be caused by the teachers' teaching methods and strategies. In 

addition, the presentation of the material used by students is also a trigger for the emergence 

of didactic obstacles. By examining the errors made by students, didactic obstacles that appear 

to be related to the plane's perimeter and area can be identified. Most of the students made 
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two plane figures without paying attention to the relationship between the area and perimeter 

of the two plane figures. This is since students have never encountered the issue. Based on an 

examination of the textbooks utilized, it was found that the practice questions given were 

more symbolic. Students were directly presented formally and there were no activities, it is 

depicted in Figure 5. 

 

 

 

 

 

 

Figure 5. Forms of Questions in Textbooks 

Another error is visible in the students' responses when they are asked to state the 

relationship between the perimeter and area of the two figures they draw. Most students 

continue to write the formula for the perimeter and area of a plane figure incorrectly. One of 

the students who made this error is Student B. Student B made a mistake in remembering the 

formula for the perimeter of a square. This error comes from the teachers' teaching method, 

which directly shows the perimeter and area formulas without involving student activities 

during the educational process. Based on the analysis of the textbooks used, it was found that 

in the textbooks, there were no activities that could build students' knowledge in 

understanding the plane figures’ perimeter and area, which is depicted in Figure 6. 

 

 

 

 

 

 

 

 

 

Figure 6. Student Activities in Textbooks 
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The activity of asking questions directly without the completion procedure does not 

form an active learning environment. Students become passive because they only imitate the 

examples provided (Fauzi & Suryadi, 2020). The teacher plays a critical role in establishing a 

didactic conducive environment to learning. As a result, when creating a didactic situation, a 

teacher needs to think about predicting student responses to didactic situations and their 

anticipation of creating a new didactic design. The suspense is related to the student-material 

relationship and the teacher-student relationship, as illustrated in Figure 7.  

 

 

 

 

 

 

 

Note:  

PR : Pedagogical Relations  

DR : Didactic Relationship  

PDA : Pedagogical Didactic Anticipation  

 

As illustrated in Figure 7, the teacher is critical in establishing a didactic situation 

within the didactic triangle for students to learn. A fundamental aspect of learning is the 

relationship between teachers and students, as well as students and the material. The teacher-

student relationship in the didactic triangle is described as homework. Meanwhile, the 

student-material relationship is characterized by DR, and the teacher-material relationship is 

described as PDA. This anticipation helps the teacher in designing new didactic situations. So, 

in addition to being able to master the material, teachers also need to have other knowledge 

related to students (Bakar, 2018). In this case, the teacher must create a didactic relationship 

between students and the material to create an ideal didactic situation for students. 

Active student involvement is essential in understanding the material being studied. 

This involvement can be physical or mental (Bergmark & Westman, 2018; Suryadi, 2011). 

The forms of activity include student activities in building their knowledge independently and 

the use of teaching aids around students. Students actively involved in learning enable 

students to gain learning achievement (Chen, Hwang, & Chang, 2019; Fung, Tan, & Chen, 

Figure 7. Modified Didactic Triangle (Suryadi, 2011) 

Teacher 

Material Student 

PDA  PR 

DR 
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2018). Thus students will get a meaningful learning experience. The knowledge gained is 

more embedded in students' memories (Stender, Schwichow, Zimmerman, & Härtig, 2018). 

CONCLUSION  

Based on the analysis of students' responses and interviews, it can be concluded that 

students face three distinct types of obstacles: epistemological, ontogenic, and didactic. 

Students encounter epistemological obstacles when they are unable to apply their knowledge 

in specific contexts, specifically when they are unable to describe two plane figures with the 

same area relationship but distinct perimeters. Additionally, students face ontogenic obstacles 

because they lack an understanding of the fundamental concepts of plane figures’ perimeter 

and area. It results in students failing to comprehend the mathematical situation presented in 

the problem and in students failing to follow the proper procedure for solving the problem. 

Additionally, the teachers' learning process contributes to students encountering didactic 

obstacles. 
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