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Abstract  
Research on the ontogenic and didactical obstacles vocational high school 
students face in solving counting rule problems has been limited. Ontogenic 
obstacles involve students' readiness, while didactical obstacles concern the 
sequence and presentation of instructional materials. Therefore, teachers 
must consider both when developing effective materials. This research aims 
to describe the ontogenic and didactical obstacles experienced by vocational 
high school students in solving counting rule problems. The participants of 
this study were 24 grade XII students from a public vocational high school in 
Cirebon. Using a Didactical Design Research (DDR) approach, this qualitative 
study focuses on the prospective analysis stage, examining these obstacles. 
The research instrument included five diagnostic essay questions and 
interview guidelines. The results revealed that students encountered 
instrumental-type ontogenic obstacles, particularly in understanding 
factorial operations. Additionally, didactical obstacles arose from 
incomplete teaching materials and improper notation, which led to learning 
barriers. This research offers valuable insights for teachers and researchers 
in designing instructional materials, especially for counting rules in 
vocational schools. 
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1. Introduction 

Vocational High School is a secondary school that prepares students with technical skills to enter 

specific jobs (Murtiyasa et al., 2020). The counting rules are one of the subjects taught in vocational high 
school. The counting rules is a topic that needs special attention in mathematics subjects, especially for 

vocational high school students. This is because counting rules have numerous problem-solving contexts, 
so solving counting rules problems requires a deep mathematical reasoning ability, critical thinking skills, 
logical reasoning, and intelligent insight (Maher et al, 2011; Lockwood, 2013; Lockwood, 2015; Lockwood, 
2016). Other fields that use the counting rules include computer science, communication, genetics, and 
statistics  (Eizenberg & Zaslavsky, 2004; Lockwood, 2015). The benefits of studying the counting rules 
include teaching students how to count, make predictions, generalize, and think systematically (Kapur, 
1970). Counting rules are used to calculate the number of possible outcomes in various situations, which is 
essential for understanding probability. For example, knowing the probability of defective products in 
quality control can help determine the necessary inspection procedures (Walpole et.al, 1993). 

The topic of counting rules at the vocational high school level includes material on the multiplication 
principle, addition principle, factorial notation, permutations, and combinations. Understanding the rules of 
counting in the counting rules material is a challenge for students, especially in determining when and how 
to apply combinations, permutations, and the multiplication rule to calculate the number of possibilities of 
an event (Wroughton & Nolan, 2012). To solve counting rules problems, accurate interpretation is required 
in understanding the given problems, so not all types of questions can be directly applied to formulas. 
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Several research results show that students still experience difficulties in solving counting rules problems. 
Some studies show that students at various levels (from high school to university) less than 50% of students 
can correctly answer basic counting rules problems (Lockwood, 2011; Melusova & Vidermanova, 2015; 
Lockwood & Gibson, 2016; Eizenberg & Zaslavsky, 2004; Godino et al., 2005). Vocational high school students 
are known to be unable to solve problems, use problem contexts in calculations, and are unable to provide 
explanations for mathematical calculations in solving counting rules problems (Adhimah & Ekawati, 2020). 
Vocational high school students experience difficulties understanding concepts and problems and making 
calculation procedure errors when solving counting problems (Nugroho, 2021). 

Two steps to teach this material easily are understanding students' difficulties in solving 
combinatorial problems and identifying variables that might be causing these difficulties (Batanero, 1997; 
Lockwood, 2013). Understanding and identifying students' difficulties in solving counting rules problems are 
done by analyzing learning obstacles. A learning obstacle is not a lack of knowledge but rather a piece of 
knowledge acquired by individuals when learning mathematics that originates from external sources 
(Brousseau, 2002). Brousseau (2002) defines three types of learning obstacles: ontogenic, didactical, and 
epistemological. 

Ontogenic obstacles arise due to the difference between the levels of knowledge of the students and 
the teachers. These are divided into several types, including psychological (students' unpreparedness to 
learn due to psychological aspects such as low motivation and interest in the material being studied), 
instrumental (technical problems that prevent students from fully following the learning situation due to a 
lack of understanding of technical aspects), and conceptual (difficulties related to the conceptual level 
contained in a design that is incompatible with the students' state based on their previous learning 
experiences) (Suryadi, 2019a). Ontogenic obstacles can be identified by interviewing students to assess 
their awareness of the benefits of learning certain materials in daily life (Nopriana et al., 2023; Isnawan & 
Alsulami., 2024; Kuswara et al., 2024). 

Didactical obstacles are caused by the lack of appropriate methods or approaches used by the 
teacher in teaching. Didactical obstacles can be identified by conducting documentation studies and 
interviews with teachers and students about the teaching materials used during the learning process 
(Nopriana et al., 2023). Lastly, epistemological obstacles occur due to limited knowledge of a particular 
context, which makes it difficult or impossible to apply the knowledge when faced with a different context 
(Septyawan & Suryadi, 2019; Prihandika & Perbowo, 2014). 

Several studies have been conducted to identify students' learning obstacles in solving problems 
related to sequences and series, statistics, and probability (Rachma & Rosjanuardi, 2021; Dewi et al., 2022; 
Augie et al, 2023; Sari et al., 2024; Magfiroh et al., 2024). However, there is still little research that discusses 
the analysis of learning obstacles faced by vocational high school students, particularly in solving counting 
rules problems. Yet, understanding students' learning obstacles is crucial before designing teaching 
materials. Analyzing students' learning obstacles benefits teachers and other researchers in designing 
teaching materials that can minimize students' learning obstacles (Rachma & Rosjanuardi, 2021; Dewi et 
al., 2022). Additionally, research focusing on analyzing ontogenic and didactical obstacles is still limited, 
although these types of obstacles are frequently encountered by students. Ontogenic obstacles are 
difficulties that arise due to the limitations of students at their developmental stage. On the other hand, 
didactical obstacles emerge from the sequencing and stages of the curriculum, including its presentation 
in the classroom (Suryadi, 2019b). They involve mismatches between the actual learning process (sequence 
and stages of presentation) and the theoretically intended stages. Therefore, an initial analysis of the 
ontogenic and didactical obstacles faced by vocational high school students is crucial for teachers when 
developing instructional materials for counting rules. Based on the explanation of the importance of 
counting rules for vocational high school students and the obstacles faced by students in solving counting 
rule problems, it is necessary to analyze the learning obstacles faced by students, especially ontogenic and 
didactic obstacles, to achieve learning success. So that this research question is divided into two 
descriptions of how ontogenic obstacles and didactic obstacles are experienced by vocational high school 
students in solving counting problems. 
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2. Method 
This study uses a qualitative research method with a Didactic Design Research (DDR) approach. DDR 

is research that reveals learning obstacles in education and aims to anticipate and eliminate these 
obstacles (Suryadi, 2019a). In this study, the researcher aimed to uncover the ontogenic and didactical 
obstacles faced by students. Therefore, the DDR research paradigm used in this type of study is known as 
the interpretive paradigm. DDR research consists of three stages: (1) prospective analysis, (2) 
metapedadidactic analysis, and (3) retrospective analysis, which links the results of the didactic situation 
analysis with the results of the metapedadidactic analysis (Suryadi, 2013). This study was conducted at the 
prospective analysis stage. In this study, the researcher involved 24 students from the 12th grade majoring 
in Computer and Network Engineering at a public vocational school in Cirebon City. The researcher served 
as the primary instrument in the study. In collecting data, the researcher used several additional 
instruments, including diagnostic tests for learning obstacles in the counting rules material, which 
consisted of four essay questions.  Additionally, the researcher prepared interview guidelines to confirm 
students' responses in their answer sheets and to explore the ontogenic and didactical obstacles 
experienced by the students. 

The stages of the research conducted based on the prospective analysis of DDR include: (1) selecting 
and reviewing literature on the material to be studied, in this case, the counting rules, (2) preparing 
research instruments, including diagnostic tests for students' learning obstacles and interview guidelines 
for teachers and students, (3) identifying learning obstacles related to the teaching of the counting rules. 
The tests were given to students who had prior learning experiences with the counting rules at the 
vocational high school level, (4) conducting interviews to confirm the types of learning obstacles students 
faced in solving counting rules problems, (5) conducting a documentation study based on teaching 
materials and students' learning notes on the counting rules material, (6) analyzing ontogenic and didactical 
obstacles based on diagnostic tests, interviews with teachers and students, and the documentation study 
of students' learning notes. 

 

3. Results and Discussion 
3.1 Results 
3.1.1 Ontogenic Obstacle 

Based on their nature, ontogenic obstacles are divided into three types: psychological, instrumental, 
and conceptual ontogenic obstacles (Suryadi, 2019b). In this study, the researcher focuses on the 
instrumental ontogenic obstacles experienced by students. Instrumental ontogenic obstacles are a type of 
barrier faced by students in learning or mastering a particular skill or activity. These obstacles relate to 
the lack of access to tools or instruments necessary for performing a task or activity. In the context of 
learning, instrumental ontogenic obstacles can occur when students do not have access to or the ability to 
use the tools or instruments needed to learn a particular skill or topic. For example, if students want to 
learn programming skills but do not have access to a computer or the required software, this can be an 
instrumental ontogenic obstacle for them. 

The research findings show that students experience instrumental ontogenic obstacles in performing 
basic multiplication operations and factorial operations. Permutation and combination problems are closely 
related to multiplication operations, and students still face difficulties in performing multiplication 
calculations, as well as decomposing and operating factorial values. This leads to incorrect problem-
solving. A detailed description of the instrumental ontogenic obstacles experienced by vocational high 
school students is provided in the discussion section on ontogenic obstacles. 

The instrumental obstacles faced by vocational high school students in solving combinatorial 
problems are illustrated in Figure 1. 
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Figure 1 
Ontogenic Obstacle Type 1 

 
The first type of instrumental ontogenic obstacle was found when students performed multiplication, 

specifically the calculation of 8×7×6. As shown in the figure, the student first correctly multiplied 8×7=56. 
However, when the student attempted to multiply 56×6 using vertical multiplication, instead of multiplying, 
the student added the numbers. This mistake in multiplying tens and units should no longer occur at the 
high school level. 
Figure 2 
Ontogenic Obstacle Type 2 

 
The second type of instrumental ontogenic obstacle (Figure 2) was identified in part b, where the 

student used the formula 𝑃𝑟
𝑛 = 𝑛! (𝑛 − 𝑟)!. It is known that the correct permutation formula is 𝑃𝑟

𝑛 =
𝑛!

(𝑛−𝑟)!
, not 𝑃𝑟

𝑛 = 𝑛! (𝑛 − 𝑟)!. He student expanded  𝑃(9,3) = 9! (9 − 3)! = 9! × 6!.   The students did not 

write the factorial sign and made mistakes in expanding the multiplication of the factorial value. This 
represents an ontogenic obstacle of the instrumental type, related to the students' ability to operate with 
factorial numbers.  
Figure 3 
Ontogenic Obstacle Type 3 

 

 
The third type of instrumental ontogenic obstacle (Figure 3) occurs when students expand factorial 

notation. As shown in the figure, the student believed that the value of 13! could be expanded into 10! × 3!. 

Students experience 
instrumental type ontogenic 
obstacles, especially in 
calculating the multiple 
probability of several 
events. 

The student believed that the factorial 
notation 13! could be expanded into 
10! multiplied by 3!. Similarly, they 
expanded 11! into 10! multiplied by 1!. 
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The same mistake occurred when expanding the value of 11! into 10! × 1!. In the context of solving the 
problem, the student aimed to simplify the factorial operation. However, the student should have expanded 
13!

11!2!
=

13.12.11!

11! .2
=

13×12

2
= 13 × 6 = 78. Based on this explanation, the student should have expanded 13! 

into 13 × 12 × 11! to simplify it with the divisor, which is 11!. The value 13! is not equal to 10! × 3!. The student's 
error in operating factorials is a type of instrumental ontogenic obstacle that can be fatal in permutation 
and combination calculations. The student may understand the concept of permutations and combinations 
well enough to determine the formula or rule to use. However, if this third type of instrumental ontogenic 
obstacle appears when solving problems involving factorial operations, the student will incorrectly 
determine the final result of the problem. 

The instrumental ontogenic obstacles experienced by vocational high school students in solving 
counting rules problems are partly due to a lack of understanding of basic mathematics. Before learning 
permutations and combinations, students must first understand basic mathematical concepts such as 
factorials, simple combinations, and permutations. If students do not have a good grasp of these 
fundamental concepts, it will be difficult for them to understand more complex permutation and 
combination concepts. Students' skills in operating factorials relate to their understanding of the basic 
concept of factorials. Additionally, students' skills in performing multiplication calculations also represent 
an instrumental obstacle they face. 
3.1.2 Didactical Obstacle 

Based on the results of the analysis of ontogenic obstacles experienced by students, researchers 
suspect that students also experience didactical obstacles. Didactical obstacles are barriers in education 
that hinder students from understanding or learning a particular concept or topic. These obstacles can 
stem from various factors, such as an inadequate curriculum, inappropriate teaching methods, or 
difficulties students face in grasping complex concepts. Didactical obstacles can negatively impact 
students' ability to learn and achieve the desired academic performance. Therefore, teachers must identify 
and address didactical obstacles so that students can learn effectively and reach their full potential. 

The first part of identifying the didactical obstacles faced by vocational high school students in 
solving counting rules problems is understanding students' opinions about their comprehension. Here is an 
excerpt from the interview conducted by the researcher and the students. To determine whether vocational 
high school students experience didactical obstacles, the researcher conducted interviews with students 
about how their teachers taught the counting rules material. The summary of the researcher's interviews 
with students is explained through several interview questions as follows: 
 

Interviewer: Overall, do you understand the material on the counting rules? 
Student 1: Not really, ma'am. Maybe because we learned online, but I don't understand well. 
Student 2: I don't understand, ma'am. We learned entirely online, so the difficulty is that we couldn't ask 
the teacher directly. 
Student 3: I don't understand, ma'am, because the lessons were just sent through files or PPT, and we 
were told to solve problems, but it wasn't explained again how to do it correctly. 
Student 4: I don't understand well, ma'am, because I learned on my own. If the lessons were explained 
directly, maybe I would understand better. 
 
Based on the interviews conducted with the students, all students admitted that they did not 

understand the counting rules material. This was due to ineffective learning methods and the lack of 
feedback provided after completing the given tasks. The students only studied from the learning resources 
provided or sent by the teacher and expressed that they would prefer if, after providing the material, the 
teacher explained it directly, whether online or offline (face-to-face). 

Information on how the teacher conducted the learning of the counting rules was given by both 
students and the teacher. Students explained that the lessons were conducted using a WhatsApp group, 
with the teacher providing materials in the form of PPT slides and Word files. The teacher then gave practice 
problems and asked students to write their answers on paper or in a notebook, take photos of their work, 
and upload the tasks via a Google Form link provided by the teacher. The teacher also confirmed this 
method of teaching. 
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To document the teaching materials used by the teacher during the lessons, the researcher asked 
questions related to the teaching materials. Students reported that the teacher used Word files and PPT 
slides as teaching materials for the counting rules. A documentation study and analysis of didactical 
obstacles in the teaching materials used by the teacher were then conducted. Below is an excerpt from the 
teaching materials provided by the teacher. 
Figure 4 
Teacher’s teaching material 

  
The teacher explained that when studying the counting rules (Figure 4), there are three subtopics: 

the Counting rules, Permutations, and Combinations. In the first part, titled The Counting Rules, the teacher 
directly explained that there are addition and multiplication rules, which include factorials. In the teaching 
materials, it was also evident that the teacher immediately wrote down the formula for factorials. The 
teacher then provided example problems to calculate factorial values and other factorial operations. This 
was similarly documented in the students' notebooks. Therefore, it can be concluded that in explaining the 
counting rules material, the teacher only introduced the concept of factorials and their operations without 
explaining the addition and multiplication rules, which are also part of the counting rules subtopic. 
Figure 5 
Discussion of Example Problems in Teaching Material 

 
The next finding concerns the teaching materials, which were compiled with incorrect notation, 

particularly in writing division in factorial operations (Figure 5). In the teaching materials, the teacher used 
the notation “/” instead of the proper division notation. Furthermore, from the documentation study 
conducted by the researcher, the teaching materials for the subtopic of the counting rules did not include 
practice problems for students, especially those involving factorial operations. 

Interviews were conducted with students to understand their opinions on which material was the 
most difficult to understand, particularly in the subtopics of the counting rules, permutations, and 
combinations. Below are some of the student responses and the questions posed by the researcher, as 
presented in Table 1. 
 
 

In teaching materials, the 
enumeration rules material 
begins by directly writing the 
factorial formula and providing 
example questions. 

Teaching materials are 
prepared without using 
proper notation, 
especially in writing 
factorial division 
operations 
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Table 1 
Student Responses Related to Difficult-to-Understand Material 

Respondent Statements 
Researcher When studying the topic of counting rules which part is the most difficult 

to understand? 

Student 1 I don't understand this material. I prefer or understand better if there is 
a teacher who explains it directly. If I study on my own from the material, 
I don't understand it well. 

Student 2 The difficult part is when there are problems that are different from the 
examples, I get confused about whether to use permutations or 
combinations. 

Student 3 Permutations are difficult, especially when there are problems that are 
different from the examples. The formulas also tend to get mixed up 
with combinations. 

Student 4 The most difficult part is using the multiplication and addition rules. 
When working on problems, I get confused about the multiplication and 
addition rules at the end. 

Overall, students still find it difficult to understand the material on combinatorial rules, due to the 
design of the teaching materials provided, which are only procedural knowledge and have several 
shortcomings, including the sequence of material delivery that is not appropriate, the introduction of 
material that starts directly with the introduction of formulas, and the learning mode that is less conducive 
according to the students. 

In addition to exploring information related to the didactic obstacles that arise in the learning of 
combinatorial rules, through interviews with students and a documentary study of teaching materials and 
student notebooks, the researcher also conducted interviews with teachers. The summary of the interview 
conducted with the teacher shows that the teacher admits that there is quite a difficulty in teaching, 
especially the material on permutations and combinations, with the mode of learning during the pandemic. 
The teacher explained that the combinatorial rule material is given at the end of the semester, so the 
teacher only introduces the factorial value, the permutation rule with different elements, and combinations. 
Furthermore, because the students do not have textbooks to take home, the teacher needs to prepare 
teaching materials to be distributed to the students. This results in the teaching materials being compiled 
directly by introducing the formula, example problems, and then practice problems. Based on this 
information, the researcher concludes that online learning during the pandemic, the limitations of learning 
resources owned by students, and the minimal learning time become factors of didactic obstacles 
experienced by students. 

 
3.2 Discussion 
3.2.1 Ontogenic Obstacle 

The type of ontogenic obstacle that was also investigated is the instrumental ontogenic obstacle. 
Instrumental ontogenic obstacles refer to challenges that students face in learning or mastering a 
particular skill or activity. In the context of learning, instrumental ontogenic obstacles can occur when 
students do not have access to, or the ability to use, the tools or instruments needed to learn a particular 
skill or topic. These obstacles are related to the lack of access to tools or instruments necessary to 
complete a task or activity. According to Hasan (188: 2022), some of the ontogenic obstacles faced by 
vocational high school students in mathematics learning include (1) lack of student interest and readiness 
to receive learning; and (2) students having difficulty memorizing prerequisite material. Ontogenic 
obstacles arise in students, among other things, because students feel that learning mathematics is boring, 
and students feel that there is no new learning discovered when studying mathematics. Lack of motivation 
given by teachers can also result in students not being ready to learn (Lutfi et al., 2021). The research 
findings by Hasan align with the results of this study, which reveal that students experience instrumental 
ontogenic obstacles in performing basic multiplication operations and factorial operations. Permutation 



 
International Journal of Didactic Mathematics in Distance Education 
Volume 1, No 2, pp. 102-114   
https://jurnal.ut.ac.id/index.php/ijdmde                                                                              

 

109  
This is an open-access article under the CC BY-SA license. 

 Copyright © 2024 by Author  

 

and combination problems are closely related to multiplication operations, and students still face 
challenges in performing multiplication calculations, expanding factorial values, and operating factorial 
forms. This leads students to incorrect problem-solving solutions. 

The Type 1 instrumental ontogenic obstacle experienced by students is related to their accuracy in 
performing multiplication operations. In solving counting rules problems, students' ability to perform 
multiplication operations is a fundamental instrumental skill. Therefore, this obstacle is considered an 
instrumental ontogenic obstacle faced by the students. The findings of this study align with research 
conducted by Dewi et al. (2022), which shows that ontogenic obstacles experienced by students include 
being less careful in performing addition and subtraction operations. 

Instrumental ontogenic obstacle type 2 experienced by students involves using an incorrect form of 

the permutation formula. The correct permutation formula is 𝑃𝑟
𝑛 =

𝑛!

(𝑛−𝑟)!
, but students use the incorrect 

formula 𝑃𝑟
𝑛 = 𝑛! (𝑛 − 𝑟)!. After confirming through interviews, students believe that  

𝑛!

(𝑛−𝑟)!
  can also be 

written as 𝑛! (𝑛 − 𝑟)!. leading them to use the latter form. This issue relates to students not being 
meticulous in applying the permutation formula correctly. Although students are aware of the permutation 
formula, they believe it can be expressed in different forms. The obstacle encountered by students in 
breaking down the permutation formula is an instrumental ontogenic obstacle experienced when solving 
counting rules. Combinatorial rule problems, including counting rules, are often challenging to categorize 
and solve with predictable algorithms; the ability to identify and utilize relationships between situations is 
crucial in solving counting rules problems (Lockwood, 2011). Errors in recognizing permutation formulas in 
this study are also observed in other research, where instrumental ontogenic obstacles occur when 
students mistakenly identify the guideline on images provided in material about triangles and 
quadrilaterals (Lutfi et al., 2021). 

Instrumental ontogenic obstacle type 3 experienced by students involves their understanding of 
factorial notation. In Figure 3, it is shown that students decompose the notation13! = 10!  × 3! even 
though these two expressions have different values/meanings. Students’ understanding of factorial 
notation represents an instrumental ontogenic obstacle faced by vocational high school students. This 
finding aligns with Anggraini’s (2022) research, which indicates that vocational high school students also 
struggle with factorial calculations. Therefore, ensuring that students understand factorial notation and 
perform operations with factorial expressions is a crucial learning trajectory for students in mastering 
counting rules (Jatmiko et al., 2017).  
3.2.2 Didactical Obstacle 

Several important findings regarding the design of teaching materials delivered by teachers include 
the following: First, teachers do not seem to fully provide knowledge related to counting rules. Teachers 
only explain factorials to students, while the rules of addition and multiplication are not explained in the 
teaching materials. Didactic obstacles greatly depend on the teacher's belief in preparing mathematical 
concepts and learning for their students (Sbaragli et al., 2011). In learning combinatorial rules, 
understanding the rules of addition and multiplication is very important because these two rules help us 
calculate the number of possible outcomes in various situations. In addition, the rules of addition and 
multiplication also form the basis for finding more complex combinatorial formulas, such as permutations 
and combinations. Therefore, explaining the rules of addition and multiplication is very important for 
understanding the concept of combinatorial rules as a whole. Didactical obstacles arise due to the limited 
presentation of prerequisite material (Jamilah et al., 2024). 

The rule of addition is used when we want to calculate the total number of possibilities from two or 
more independent events. If there are n ways to do task A and m ways to do task B, then there are n + m 
ways to do task A or task B. Example: If there are 3 routes to go to city A and 4 routes to go to city B, then 
there are 3 + 4 = 7 routes that can be chosen to go to city A or city B. On the other hand, the rule of 
multiplication is used when we want to calculate the total number of possibilities from two or more 
dependent or sequential events. If there are n ways to do task A and m ways to do task B after task A is 
completed, then there are n × m ways to do tasks A and B sequentially. Example: If there are 3 routes to go 
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to city A and after that there are 4 routes to go to city B, then there are 3 × 4 = 12 ways to go to city B through 
city A. 

In addition to not explaining the material on the rules of addition and multiplication, teachers also 
do not explain the rules of permutation with identical elements and cyclic permutations in the design of 
teaching materials used. Didactic obstacles occur when the learning process does not run smoothly, 
causing difficulties for students in understanding the material (Andani, Jamilah & Hartono, 2021). After the 
researcher confirmed with the teacher, the teacher conveyed that at that time, learning was done online, 
so learning was not effective. In addition, the combinatorial rule material was given at the end of the 
semester, so there was only time for a few meetings left. The teacher decided to choose the sub-material 
of the factorial and its operations, permutation with different elements, and combination and its 
applications. Therefore, the didactic design that will be compiled needs to present the combinatorial rule 
material completely. 

The second finding is that in the teaching materials used, when explaining the concepts of 
permutation and combination, teachers always start the introduction of concepts by directly introducing 
formulas, not starting from discussing problems in everyday life or the world of work in the vocational field 
for vocational high school students. Learning on combinatorial rule material has not facilitated students to 
express their opinions, because learning focuses on the material delivered in the textbook (Permatasari et 
al., 2011). Students need to be trained to think and build knowledge independently, not by memorizing 
formulas directly. Without presenting relevant problems, students may have difficulty understanding the 
concepts of permutation and combination and relating them to real-life situations. This can lead to shallow 
understanding and difficulty in applying the concept to different problems. In addition, students may feel 
uninterested or unmotivated to learn combinatorial rules if they do not see the relevance or practical 
application of these concepts. Presenting interesting and contextual problems helps students see the 
importance of the topic in everyday life. Without presenting problems that encourage students to think and 
explore concepts, students may not develop good problem-solving skills. This ability is important for 
success in mathematics and many other fields. Presenting problems before introducing formulas allows 
students to try to find solutions in their own way, thus developing critical thinking skills. Without this 
opportunity, students may become too dependent on formulas and less able to think independently and 
creatively. In addition, introducing formulas without context or relevant problems can make it difficult for 
students to remember those formulas. Understanding the background and reasons behind formulas helps 
students remember and apply them more effectively. 

The third finding concerns the use of mathematical notation used by teachers in explaining the 
division form in factorial operations. The use of a slash notation in writing division can cause problems or 
confusion for students, especially if the context or notation is not clear enough. Using a slash in expressions 
involving multiple operations can lead to errors in the order of operations if parentheses are not used 
correctly. This can confuse the priority of operations that need to be performed. In the context of algebra, 
especially when dealing with equations or functions, the use of a slash can make expressions appear 
ambiguous or unclear. In this case, it is better to use horizontal fraction notation. 

Based on student responses, the researcher concludes that the difficulties experienced by students 
are related to how the design of teaching materials and learning activities are conducted. Students are still 
very dependent on teaching materials and the way teachers teach. Didactic obstacles arise due to 
inaccuracies in choosing the learning design, so students' understanding in this case is very dependent on 
the quality of the teacher in preparing the learning design (Sunariah & Mulyana, 2020; Sudirman et al., 
2022).  

The research results show that, overall, the materials are presented with a pattern of defining 
concepts, applying formulas, and providing example problems related to the use of formulas or rules. 
Students have not been facilitated in performing mental actions when facing the given problems. The 
materials present formulas directly, so students do not have the opportunity to build knowledge 
independently and have not been given space for discussion. Students are only provided with practice 
problems that are identical to the examples in the instructional materials. Other findings indicate that the 
materials are not presented using appropriate mathematical notation. For instance, the symbol “/” is used 
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to indicate division in factorial operations. Using correct notation in instructional materials is a key factor 
that can create learning obstacles for students. Counting rules material, such as addition and multiplication 
rules for events, is not covered in the materials. However, addition and multiplication rules are prerequisite 
knowledge needed by students to solve permutation and combination problems. Permutations are also not 
explained in full. The materials only cover permutations of distinct elements, whereas there are also topics 
on permutations of identical elements and cyclic permutations. A more detailed analysis of didactical 
obstacles is explained in the section on didactical obstacles.  

The results of this study are in line with several research results related to didactic obstacles, 
including the following. Inaccuracies in delivering lesson material, the use of teaching methods that are 
not suitable for student needs, lack of detail in teaching materials, and inappropriate alignment in the 
learning flow are also factors that hinder the didactic process (Andani et al., 2021). Obstacles experienced 
by vocational high school students in solving counting problems include materials that have a high level of 
difficulty (Nugroho, 2021). Didactic obstacles are caused by materials in teaching materials that are not 
properly structured and there are conceptual errors in the teaching materials used, and teachers teach 
concepts that do not match the concepts that should be (Novianda, 2022). 
4. Conclusion  
 During the COVID-19 pandemic, vocational high school students faced various challenges with online 
mathematics learning. The research revealed that students struggled with the instrumental skills needed 
to solve counting rule problems, such as obstacle with multiplication operations, permutation formulas, 
and factorial notation. Upon analyzing the ontogenic obstacles through interviews and document studies, it 
was found that students also faced didactical obstacles. Key concepts like the multiplicative and additive 
principles, which are essential for solving combinatorics problems, were not covered in the lessons. 
Overall, didactical obstacle stemmed from the design of instructional materials, content delivery, and the 
alignment of learning activities, which were not always conducive to effective learning. The study highlights 
the importance of ensuring that teachers consider students' readiness, especially in mastering prerequisite 
materials like permutation and combination. Additionally, the research underscores the need for well-
structured instructional materials that follow the correct sequence of topics and use proper notation. 
Introducing the multiplicative and additive principles as foundational concepts for combinations is crucial. 
Instead of starting with formulas and exercises, instructional materials should begin with problem-solving 
to encourage mental engagement. 
 

Acknowledgments  
We extend our gratitude to the anonymous reviewers for their valuable feedback, which has significantly 
enhanced our work. We also thank the student and teacher participants for their contributions to our 
research. Additionally, we are grateful to the Research Institute of Universitas Swadaya Gunung Jati for 
funding our study. 

 
Author Contribution   
Tri Nopriana: Conceptualization, Writing - Original Draft, Editing and Visualization;  
Sri Asnawati: Writing - Review & Editing, Formal analysis, and Methodology;  
Tatang Herman: Validation and Supervision  
Bambang Avip Priatna Martadiputra: Validation and Supervision 

 
Funding Statement  
This research was funded by the Research Institute of Universitas Swadaya Gunung Jati, Cirebon.  
 
Conflict of Interest: 
The authors declare no conflict of interest. 
 
Additional Information:  
Additional information is available for this paper. 



 
International Journal of Didactic Mathematics in Distance Education 
Volume 1, No 2, pp. 102-114   
https://jurnal.ut.ac.id/index.php/ijdmde                                                                              

 

112  
This is an open-access article under the CC BY-SA license. 

 Copyright © 2024 by Author  

 

5. References 
Adhimah, O. K., & Ekawati, R. (2020). Perilaku pemecahan masalah siswa SMK dalam menyelesaikan 

masalah kombinatorika ditinjau dari kecemasan matematika. Jurnal Cendekia: Jurnal Pendidikan 
Matematika, 4(1), 346-352. https://doi.org/10.31004/cendekia.v4i1.211 

Andani, M, Jamilah, J., & Hartono, H. (2021). Didactical Obstacle Siswa Kelas IX Pada Materi Deret 
Geometri. Journal of Innovation Research and Knowledge, 1(5), 887-894. 
https://doi.org/10.53625/jirk.v1i5.482  

Anggraini, S. (2022). Kajian Kesulitan Siswa dalam Menyelesaikan Soal Matematika pada Matei Kaidah 
Pencacahan di SMK Pab 2 Helvetia T.P 2018/2019. Jurnal Ilmiah Mahasiswa Pendidikan [JIMEDU], 
2(2), 121-133. https://jurnalmahasiswa.umsu.ac.id/index.php/jimedu 

Augie, K. T., Fatimah, S., & Prabawanto, S. (2023). Learning obstacle siswa dalam materi statistika terkait 
dengan kemampuan computational thinking. Math Didactic: Jurnal Pendidikan Matematika, 9(2), 
213-224. https://doi.org/10.33654/math.v9i2.2103  

Batanero, C., Navarro-Pelayo, V., & Godino, J. D. (1997). Effect of the implicit combinatorial model on 
combinatorial reasoning in secondary school pupils. Educational Studies in Mathematics, 32(2), 181-
199.  https://doi.org/10.1023/A:1002954428327 

Brousseau, G. (2002). Theory of didactical situations in mathematics: Didactique des mathématiques, 1970–
1990 (Vol. 19). Springer Science & Business Media. 

Dewi, R., Riyadi, R., & Siswanto, S. (2022). Students’ epistemological obstacles in statistical problems. In 2nd 
National Conference on Mathematics Education 2021 (NaCoME 2021) (pp. 183-188). Atlantis Press. 
https://doi.org/10.2991/assehr.k.220403.026  

Eizenberg, M. M., & Zaslavsky, O. (2004). Students’ verification strategies for combinatorial problems. 
Mathematical Thinking and Learning, 6(1), 15–36. https://doi.org/10.1207/s15327833mtl0601_2  

Godino, J., Batanero, C., & Roa, R. (2005). An onto-semiotic analysis of combinatorial problems and the 
solving processes by university students. Educational Studies in Mathematics, 60, 3–36. 
https://doi.org/10.1007/s10649-005-5893-3 

Hasan, N. F. (2022). Desain Didaktis Materi Barisan dan Deret Geometri Pada Pembelajaran Matematika Di 
Smk (Doctoral dissertation, Universitas Pendidikan Indonesia). 

Isnawan, M. G., & Alsulami, N. M. (2024). Didactical design for online learning in ordering 
fractions. International Journal of Didactic Mathematics in Distance Education, 1(1), 1–12. 
https://doi.org/10.33830/ijdmde.v1i1.7653 

Jamilah, J., Priskila, P., & Oktaviana, D. (2024). Didactical design to overcome learning obstacles in cuboid 
volume. Jurnal Elemen, 10(2), 324-340. https://doi.org/10.29408/jel.v10i2.25244  

Jatmiko, M. A., Herman, T., & Dahlan, J. A. (2021). Desain didaktis materi kaidah pencacahan untuk siswa 
SMA kelas XI. Hipotenusa Journal of Research Mathematics Education (HJRME), 4(1), 35-54. 
https://doi.org/10.36269/hjrme.v4i1.464 

Kapur, J. (1970). Combinatorial Analysis and School Mathematics. Educational Studies in Mathematics, 3(1), 
111-127. Retrieved June 18, 2021, from http://www.jstor.org/stable/3481871 

Kuswara, R. D., Almazroei, E. E., & Isnawan, M. G. (2024). Online didactical design for subtraction fractions: 
Didactical design research through lesson study activities. International Journal of Didactic 
Mathematics in Distance Education, 1(1), 37–46. https://doi.org/10.33830/ijdmde.v1i1.7772 

Lockwood, E. (2011). Student connections among counting problems: an exploration using actor-oriented 
transfer. Educational Studies in Mathematics, 78(3), 307. https://doi.org/10.1007/s10649-011-9320-7 

Lockwood, E. (2013). A model of students’ combinatorial thinking. The Journal of Mathematical Behavior, 
32(2), 251-265. https://doi.org/10.1016/j.jmathb.2013.02.008 

Lockwood, E. (2015). The strategy of solving smaller, similar problems in the context of combinatorial 
enumeration. International Journal of Research in Undergraduate Mathematics Education, 1(3), 
339-362. https://doi.org/10.1007/s40753-015-0016-8 

Lockwood, E., & Gibson, B. R. (2016). Combinatorial tasks and outcome listing: Examining productive listing 
among undergraduate students. Educational Studies in Mathematics, 91(2), 247-270. 
https://doi.org/10.1007/s10649-015-9664-5 

https://doi.org/10.31004/cendekia.v4i1.211
https://doi.org/10.53625/jirk.v1i5.482
https://jurnalmahasiswa.umsu.ac.id/index.php/jimedu
https://doi.org/10.33654/math.v9i2.2103
https://doi.org/10.1023/A:1002954428327
https://doi.org/10.2991/assehr.k.220403.026
https://doi.org/10.1207/s15327833mtl0601_2
https://doi.org/10.1007/s10649-005-5893-3
https://doi.org/10.33830/ijdmde.v1i1.7653
https://doi.org/10.29408/jel.v10i2.25244
https://doi.org/10.36269/hjrme.v4i1.464
http://www.jstor.org/stable/3481871
https://doi.org/10.33830/ijdmde.v1i1.7772
https://doi.org/10.1007/s10649-011-9320-7
https://doi.org/10.1016/j.jmathb.2013.02.008
https://doi.org/10.1007/s40753-015-0016-8
https://doi.org/10.1007/s10649-015-9664-5


 
International Journal of Didactic Mathematics in Distance Education 
Volume 1, No 2, pp. 102-114   
https://jurnal.ut.ac.id/index.php/ijdmde                                                                              

 

113  
This is an open-access article under the CC BY-SA license. 

 Copyright © 2024 by Author  

 

Lutfi, M. K., Juandi, D., & Jupri, A. (2021, March). Students’ ontogenic obstacle on the topic of triangle and 
quadrilateral. In Journal of Physics: Conference Series (Vol. 1806, No. 1, p. 012108). IOP Publishing. 
https://doi.org/10.1088/1742-6596/1806/1/012108 

Magfiroh, M., Prabawanto, S., & Rosjanuardi, R. (2024). Learning Obstacle of Students in Geometrical 
Sequence and Series. KnE Social Sciences, 569-577. 

Maher, C. A., Powell, A. B., & Uptegrove, E. B. (Eds.). (2011). Combinatorics and reasoning: representing, 
justifying, and building isomorphisms. New York: Springer. 

Martin, G. E. (2001). The Art of Enumerative Combinatorics. New York: Springer. 
Melusova, J., & Vidermanova, K. (2015). Upper-secondary students’ strategies for solving combinatorial 

problems. Procedia-Social and Behavioral Sciences, 197, 1703-1709. 
http://doi.org/10.1016/j.sbspro.2015.07.223 

Murtiyasa, B., Jannah, I. M., & Rejeki, S. (2020). Designing mathematics learning media based on mobile 
learning for ten graders of vocational high school. Universal Journal of Educational Research, 8(11), 
5637-5647. https://doi.org/ 10.13189/ujer.2020.081168 

Nopriana, T., Herman, T., & Martadiputra, B. A. P. (2023). Digital Didactical Design: The Role of Learning 
Obstacles in Designing Combinatorics Digital Module for Vocational Students. International Journal 
of Interactive Mobile Technologies (iJIM), 17(02), pp. 4–23. https://doi.org/10.3991/ijim.v17i02.34293 

Novianda, D. (2022). Analisis hambatan belajar (learning obstacles) dalam pembelajaran geometri: literatur 
review. Jurnal Gantang, 6(2), 133-139. https://doi.org/10.31629/jg.v6i2.2866  

Nugroho, W. (2021). Analisis kesalahan siswa dalam penyelesaian soal kaidah pencacahan. Aritmatika: 
Jurnal Riset Pendidikan Matematika, 2(1), 32-46. https://doi.org/10.35719/aritmatika.v2i1.18 

Permatasari, I., Rudhito, M. A., & Sriyanto, H. J. (2011). Interaksi Guru dan Siswa dalam Pembelajaran 
Matematika Topik Kaidah pencacahan dengan Menggunakan Buku Ajar di Kelas XI IPA SMA Kolese 
De Brito. Prosiding Semnas Matematika dan Pendidikan, Universitas Negeri Yogyakarta.  

Prihandika, A., & Perbowo, K. S. (2024). The review of concept image and concept definition: A hermeneutic 
phenomenological study on the derivative concepts. International Journal of Didactic Mathematics 
in Distance Education, 1(1), 13–23. https://doi.org/10.33830/ijdmde.v1i1.7610 

Rachma, A. A. and Rosjanuardi, R. (2021). Students’ obstacles in learning sequence and series using onto-
semiotic approach. Jurnal Pendidikan Matematika, 15(2), 115-132. 
https://doi.org/10.22342/jpm.15.2.13519.115-132  

Sari, A. D., Suryadi, D., & Dasari, D. (2024). Learning obstacle of probability learning based on the 
probabilistic thinking level. Journal on Mathematics Education, 15(1), 207-226. 
https://doi.org/10.22342/jme.v15i1.pp207-226 

Sbaragli, S., Arrigo, G., D'Amore, B., Fandiño Pinilla, M. I., Frapolli, A., Frigerio, D., & Villa, O. (2011). 
Epistemological and Didactic Obstacles: the influence of teachers' beliefs on the conceptual 
education of students. Mediterranean journal for research in mathematics education, 10, 61-102. 

Septyawan, S. R., & Suryadi, D. (2019). Learning obstacles on the concept of function: a hermeneutic 
phenomenological study. In Journal of Physics: Conference Series (Vol. 1280, No. 4, p. 042041). IOP 
Publishing. https://doi.org/10.1088/1742-6596/1280/4/042041 

Sudirman, S., Kusumah, Y. S., Martadiputra, B. A. P., & Runisah, R. (2023). Epistemological Obstacle in 3D 
Geometry Thinking: Representation, Spatial Structuring, and Measurement. Pegem Journal of 
Education and Instruction, 13(4), 292–301. https://doi.org/10.47750/pegegog.13.04.34 

Sunariah, L., & Mulyana, E. (2020, April). The didactical and epistemological obstacles on the topic of 
geometry transformation. In Journal of Physics: Conference Series (Vol. 1521, No. 3, p. 032089). IOP 
Publishing. 

Suryadi, D (2019b). Penelitian Desain Didaktis (DDR) dan Implementasinya. Bandung: Gapura Press. 
Suryadi, D. (2013). Didactical design research (DDR) dalam pengembangan pembelajaran matematika. 

In Prosiding Seminar Nasional Matematika dan Pendidikan Matematika (Vol. 1, pp. 3-12). 
Suryadi, D. (2019a). Landasan Filosofis Penelitian Desain Didaktis (DDR). Pusat Pengembangan DDR 

Indonesia.  

https://doi.org/10.1088/1742-6596/1806/1/012108
http://doi.org/10.1016/j.sbspro.2015.07.223
https://doi.org/10.3991/ijim.v17i02.34293
https://doi.org/10.31629/jg.v6i2.2866
https://doi.org/10.35719/aritmatika.v2i1.18
https://doi.org/10.33830/ijdmde.v1i1.7610
https://doi.org/10.22342/jpm.15.2.13519.115-132
https://doi.org/10.22342/jme.v15i1.pp207-226
https://doi.org/10.1088/1742-6596/1280/4/042041
https://doi.org/10.47750/pegegog.13.04.34


 
International Journal of Didactic Mathematics in Distance Education 
Volume 1, No 2, pp. 102-114   
https://jurnal.ut.ac.id/index.php/ijdmde                                                                              

 

114  
This is an open-access article under the CC BY-SA license. 

 Copyright © 2024 by Author  

 

Walpole, R. E., Myers, R. H., Myers, S. L., & Ye, K. (1993). Probability and statistics for engineers and 
scientists (Vol. 5, pp. 326-332). New York: Macmillan. 

Wroughton, J & Nolan, J.  (2012).  Pinochle Poker:  An Activity for Counting and Probability. Journal of 
Statistics Education, 20(2), 1-24. https://doi.org/10.1080/10691898.2012.11889642 

https://doi.org/10.1080/10691898.2012.11889642

