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This study aims to analyze students' difficulties in 

solving problems related to the Pythagorean Theorem 

and identify the causative factors. The qualitative case 

study approach was used by involving 30 grade VIII 

students from SMP Negeri 8 Tasikmalaya who were 

selected based on the complexity of the mistakes they 

made. The research instruments included written tests, 

in-depth interviews, and classroom observations. The 

data were analyzed using thematic analysis to identify 

patterns of difficulty and their causative factors. The 

results showed four main categories of students' 

difficulties, namely: (1) conceptual errors (70% 

difficulty identifying the oblique side of a right 

triangle); (2) procedural errors (65% did not follow the 

calculation steps correctly); (3) errors in interpreting 

story questions (60% cannot convert problem 

information into mathematical models); and (4) math 

anxiety (50% feel nervous about facing problems with 

large numbers). The causative factors include 

monotonous teaching methods, lack of use of teaching 

aids, and low motivation to learn. The discussion 

highlighted the importance of interactive and contextual 

learning to overcome these difficulties. 

Recommendations include the use of visual media, the 

integration of technology to reinforce concepts, and 

approaches that are appropriate to students' learning 

styles. This research emphasizes the need for innovative 

pedagogical strategies to improve students' 

understanding and problem-solving skills. 
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INTRODUCTION 

Pythagorean theorem is one of the 

fundamental concepts in mathematics 

learning at the junior high school (junior high 

school) level. This concept is not only the 

basis for understanding geometry but also has 

wide practical applications in everyday life, 

such as distance calculation, construction, 

and architectural design (Ritonga & 

Hasibuan, 2022). However, in reality, many 

students have difficulties in understanding 

and applying this theorem, ranging from 

conceptual errors to the inability to solve 

theorem-based story problems (Khoerunnisa 

& Sari, 2021). This condition indicates that 

there are obstacles in the learning process that 

can affect students' overall logical, analytical, 

and problem-solving skills (Indrawati et al., 

2024; Nafisah et al., 2024; Nurmayunita, et 

al., 2024). 

This difficulty becomes a significant 

problem because the concept of the 

Pythagorean Theorem is an important 

prerequisite for understanding other 

geometric materials, such as triangles, 

circles, and trigonometry, which form the 

foundation for advanced mathematics 

education (Meika et al., 2022). Furthermore, 

students who fail to understand this concept 

will find it difficult to apply mathematical 

knowledge in daily life or the future world of 

work, which demands high-level 

mathematical skills (Umar et al., 2021). In 

addition, studies show that students' 

difficulties are often exacerbated by 

monotonous teaching methods, lack of use of 

visual media, and low motivation for students 

to learn mathematics (Setiawan, 2024; Reza 

et al., 2024; Mayani, 2024). 

Previous research has explored various 

aspects related to students' difficulties on the 

Pythagorean Theorem.  For example, 

Indrawati et al. (2024) found that many 

students experienced procedural errors when 

working on questions, such as applying the 

wrong formula and failing to verify the 

answers. Ritonga and Hasibuan (2022) 

identified that conceptual errors, such as 

confusion distinguishing the oblique and 

right-hand sides, are one of the main 

obstacles. In addition, Khoerunnisa and Sari 

(2021) stated that students often have 

difficulty understanding story problems, 

especially in connecting the context of the 

problem with relevant mathematical models. 

However, while this study provides insight 

into the types of student errors, most do not 

delve into the factors that cause errors, such 

as the influence of math anxiety or 

differences in students' learning styles. 

Furthermore, there has not been much 

research exploring concrete solutions based 

on interactive learning approaches or 

educational technology. For example, King et 

al. (2023) mentioned that digital visualization 

can improve students' understanding of 

abstract concepts such as the Pythagorean 

Theorem, but its use is still limited in the 

classroom. Keerthigha and Singh (2023) also 

highlight the importance of teaching 

strategies that accommodate students' 

learning styles, but this research has not 

focused on implementation in the context of 

geometry 

This research offers originality and 

novelty by integrating thematic analysis of 

students' difficulties patterns and their 

causative factors, including pedagogical and 

psychological aspects. By adding elements of 

educational technology and a contextual 

approach, the study not only identifies 

problems but also provides recommendations 

that teachers can directly implement. This is 

in contrast to previous studies that tended to 

only describe the type of difficulty students 

have without linking it to practical solutions 

(Nurhasanah et al., 2023: Roesdiana, 2022; 

Amir, Malmia, & Taufik, 2021). 

The research gap lies in the lack of an 

in-depth exploration of the relationship 

between student difficulties, their causative 

factors, and the implementation of effective 
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teaching strategies. This research will fill 

these gaps by presenting in-depth evidence-

based findings, including difficulty 

identification, causation analysis, and 

innovative learning designs. For example, 

this study will explore the use of visual aids 

and digital technology to help students 

understand the relationships between the 

sides of a right triangle, as well as project-

based teaching strategies to increase student 

engagement in learning (Pelletier et al., 2022; 

Fianingrum et al., 2023; Silwana & 

Widayanti. 2024; Vaghela & Parsana, 2024). 

With this approach, research is 

expected to make a significant contribution to 

improving the quality of learning the 

Pythagorean Theorem, both in terms of 

theory and practice. The findings of this study 

are not only relevant to improve student 

understanding but can also be a reference for 

teachers in designing more innovative and 

effective learning strategies. 

 

METHOD  

This study uses a qualitative approach 

with a case study method to analyze students' 

difficulties in solving problems related to the 

Pythagorean Theorem. This method was 

chosen because it is able to provide an in-

depth understanding of complex phenomena 

in a specific context, allowing for an in-depth 

exploration of the types of difficulties and 

their causative factors (Yin, 2018; Creswell, 

2014; Cherkaoui & Oudrhough, 2024). Case 

studies have been widely used in educational 

research to understand the dynamics of 

learning as a whole, including interactions 

between students, teachers, and learning 

environments (Stake, 1995; Fahmi, 2024; 

Lubis & Saam, 2024). 

The subjects of this study were thirty 

grade VIII students from SMP Negeri 8 

Tasikmalaya, who were selected using the 

purposive sampling technique. This 

technique allows the selection of subjects 

based on specific criteria relevant to the 

research objectives (Patton, 2002). The 

selection of subjects was carried out based on 

the results of the initial test which showed the 

highest error rate in solving problems related 

to the Pythagorean Theorem. These criteria 

include conceptual errors, such as confusion 

in identifying the slant of a right triangle 

(Khoerunnisa & Sari, 2021), procedural 

errors such as misapplying the Pythagorean 

formula (Indrawati et al., 2024), and 

misinterpretation of the story, such as failing 

to transform contextual information into a 

relevant mathematical model (Meika et al., 

2022; Amir et al., 2021; Maharani & Cesaria, 

2024). 

There are 3 main instruments used in 

this study. First, a written test designed to 

identify the type of student error on the 

concepts of the Pythagorean Theorem. This 

question only includes 4 short essays 

designed to measure students' understanding 

of concepts, application of procedures, and 

ability to solve story problems (Ritonga & 

Hasibuan, 2022; Rina & Bernard, 2021). 

Second, semi-structured interview guides are 

used to dig into students' in-depth 

understanding of the difficulties they face and 

the factors that cause them. The semi-

structured interview format allows for 

flexible exploration of students' perspectives 

(Bryman, 2012). Third, observation sheets 

are used to record the interaction between 

students and teachers, the teaching strategies 

applied, and student participation during the 

learning process (Pelletier et al., 2022). 

Data was collected through three main 

techniques. First, a written test is done as a 

first step to map the student's difficulty level 

and identify error patterns. Second, in-depth 

interviews were conducted with the selected 

research subjects to further reveal their 

experiences in understanding and solving 

problems. These interviews provide insight 

into psychological and pedagogical factors 

that cannot be explained through written tests 

(Creswell, 2014; Meika et al., 2022). Third, 

classroom observation is carried out to 

understand the dynamics of learning and 

interaction between teachers and students, as 

well as how teaching strategies affect 

students' understanding (Patton, 2002). 

The collected data were analyzed using 

thematic analysis, which aims to identify the 

main patterns and themes of students' 

difficulties (Braun & Clarke, 2006). The 

analysis stage includes initial coding, in 

which relevant keywords or phrases are 

identified from test, interview, and 

observation data. Then, the data is 

categorized into main themes, such as 
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conceptual, procedural, and interpretive 

errors about the story (Khoerunnisa & 

Puspita Sari, 2021; Meika et al., 2022). To 

ensure the validity of the findings, data 

triangulation was carried out by comparing 

test results, interviews, and observations to 

obtain consistent conclusions (Yin, 2018; 

Balbastre-Benavent et al., 2024). 

Through this approach, this research is 

expected to provide a comprehensive 

overview of the types of student difficulties, 

the factors that cause them, and relevant 

pedagogical solutions to improve the quality 

of learning of the Pythagorean Theorem. 

 

RESULTS AND DISCUSSION 

This section presents the results of the 

research systematically and in detail based on 

the research stages that have been set 

beforehand, and is directed to answer the 

formulation of the problem. The presentation 

of results was carried out by considering the 

integration of data from the three main 

instruments used in the research, namely 

written tests, in-depth interviews, and 

classroom observations. These three 

instruments are processed through a data 

triangulation process to ensure the validity 

and reliability of the findings. Each of the 

findings presented in the following 

subsection refers to empirical evidence 

obtained from all three data sources. For 

example, the identification of students' 

conceptual errors in determining the oblique 

side of a right-wing triangle is not only based 

on written test answers, but is also reinforced 

through in-depth interviews and observations 

of student behavior in the classroom. Thus, 

any conclusions drawn are based on cross-

instrument confirmation, rather than just a 

single finding from a single method. 

The presentation of the results was 

classified into four main categories of 

difficulties experienced by students: (1) 

conceptual errors, (2) procedural errors, (3) 

difficulties in understanding and 

transforming story problems, and (4) anxiety 

in dealing with math problems. Each category 

is explained by including data from the test as 

an indicator of student performance, 

interview excerpts as a representation of 

students' personal understanding and 

experience, and observation notes as a 

context of learning behavior in the classroom. 

The structure of the results of this study 

prioritizes coherence between data, 

interpretation, and answers to problem 

formulations. Each aspect discussed not only 

describes the phenomenon of difficulties, but 

also provides an explanation of how and why 

these difficulties arise based on evidence 

obtained from the combination of the three 

research instruments. This kind of 

presentation not only strengthens the validity 

of the findings, but also shows that this 

research has been carried out thoroughly and 

in-depth according to the principles of 

qualitative studies that can be scientifically 

accounted for. 

1. Conceptual Difficulties 
Conceptual difficulties are the main 

problems found in this study. Students 

experience confusion in understanding the 

concept of the Pythagorean theorem, 

especially in identifying the sides of a right 

triangle. Some students are unable to 

distinguish between the oblique side and the 

upright side, leading to errors in the 

application of the formula. This can be seen 

in the written test, as many as 70% of students 

have difficulty identifying the oblique side of 

a right triangle. They don't understand that 

the slanted side is always facing right angles. 

The error can be seen in Figure 1 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Answers for Students Experiencing Conceptual Difficulties
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To see the causes of mistakes made by 

students, the following is a transcript of the 

interview between the researcher and the S1 

participant. 

 

Dialogue 1 

……………. 

Researchers : "What is confusing you when working on this matter?"That is why  

S1 : "I don't know, sir. Which side is called the oblique side. Sometimes, I think 

all sides are the same."  

Researchers : "Then you know what a right angle is?" 

S1 : "Yes, I know the right angle. But, I didn't realize that the slanted side was 

always facing the right angle." 

Researchers : "So, knowing that the slanted side is the longest side and faces the right 

angle, does this help you understand the problem?" 

S1 :  "Yes, now it's clearer. "I was wrong because I didn't know the term." 

……………. 

Based on the dialogue above, it 

appears that students understand some basic 

elements of triangles, such as right angles, but 

have not been able to relate these 

understandings to the position and names of 

the sides of the triangle. Ignorance of the term 

"oblique side" and the inability to relate it to 

the visual characteristics of a right triangle 

are the main obstacles in solving the problem 

This shows that mastery of 

mathematical vocabulary plays an important 

role in building understanding of concepts. 

When learners do not understand terms such 

as "slanted", they will not be able to identify 

the right elements in a flat shape, which 

ultimately leads to the application of the 

wrong formula. In this case, conceptual 

problems are not only related to the 

understanding of forms, but also to the 

understanding of terminology and visual 

representations of the concept. 

These findings are in line with the 

opinion of Khoerunnisa & Puspita Sari 

(2021) that conceptual difficulties like this 

are often caused by teaching that focuses 

more on the application of formulas without 

ensuring a basic understanding of the 

underlying mathematical concepts. This is in 

accordance with the findings of Rina & 

Bernard (2021), who show that 

understanding basic concepts is essential 

before students can apply formulas correctly. 

2. Procedural Difficulties 
Procedural difficulties arise when 

students are unable to follow the correct steps 

in calculating or applying formulas. As many 

as 65% of learners are unable to follow the 

calculation steps correctly, especially when 

calculating squares and square roots. This 

procedural error is evident in problems 

involving large numbers or more complex 

operations. The error can be seen from the 

following image. 

 

 

 

 

 

 

 

 

Figure 2. Answers for Students Experiencing Procedural Difficulties 
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To see the causes of mistakes made by 

students, the following is a transcript of the 

interview between the researcher and the S2 

participant. 

 

Dialogue 2 

……………. 

Researchers : "What makes you confused when working on a problem like this?"That is 

why  

S2 : "Usually when you have to calculate the square, sir. If it's a big number, 

I'm often confused." 

Researchers : "How do you calculate a number like 24²?" 

S2 : "Sometimes I forget, sir. It should have been multiplied by 24 24, but I 

added 24 twice."× 

Researchers : "After getting the squared result, what's the next step?" 

S2 :  "I am often confused, sir, whether to count first or take the square root 

first." 

Researchers : "What makes these steps confusing?" 

S2 : "The order, sir. I like to forget, which one should be counted first. 

Especially if the number is large, it becomes more difficult." 

Researchers : "What do you usually do when you're confused by the steps?" 

S2 : "Sometimes I ask friends, sir. But if no one can help, I often just count." 

……………. 

Based on the dialogue above, it shows 

that the procedural difficulties of students are 

not only caused by a weak understanding of 

mathematical steps, but also due to the lack 

of a structured strategy in solving problems. 

Ignorance in basic procedures such as 

calculating squares and taking roots suggests 

that learners need intensive assistance in 

understanding the sequence of mathematical 

operations, particularly in the context of the 

Pythagorean theorem. In addition, 

dependence on friends and the tendency to 

"count origins" are indicators that 

participants do not yet have independent 

learning and are not used to the systematic 

thought process. 

These findings are in line with the 

results of Indrawati et al. (2024) which 

mentions that this procedural error often 

occurs when students do not understand the 

correct sequence of mathematical operations, 

such as calculating the squares of numbers 

before adding them. Research by Meika et al. 

(2022) also shows that students often rush in 

solving problems and do not double-check 

their calculations, which leads to errors in 

more complicated steps. 

3. Difficulties in Interpreting Story 

Questions 
Most students have difficulty 

interpreting stories related to the pytahgoras 

theorem. This problem occurs because 

students have difficulty in converting 

information from story problems into 

mathematical forms that can be solved with 

formulas. As many as 60% of students have 

difficulty converting verbal information into 

mathematical models. These errors are often 

seen from their processing process, which can 

be seen in Figure 3 below. 
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Figure 3. Answers for Students Who Have Difficulty in Interpreting Story Questions 

To see the causes of mistakes made 

by students, the following is a transcript of 

the interview between the researcher and the 

S3 participant. 

 

Dialogue 3 

……………. 

Researchers : "Can you tell me what difficulties you had when trying to solve this skewed 

question?" 

S3 : "I'm confused about how to make the table, sir. I don't know which 

number I should put in for the side of the slant and the other side." 

Researchers : "Can you show me the initial steps you took when creating the table?" 

S3 : "I start by writing down the numbers of the questions, but sometimes I 

misdetermine which side is upright and which side is tilted." 

Researchers : "How do you prove the oblique side of a right triangle?" 

S3 :  "I know the formula, sir, but when multiplying and adding the squares, it 

is often wrong. Sometimes the numbers in the table don't match the end 

result either." 

Researchers : "What do you think will help you better understand how to make this 

table?" 

S3 : "If there is a clear example or the steps are explained in more detail, I 

might be able to understand it more easily, sir." 

Researchers : "How do you feel when you try to solve a problem like this?" 

S3 : "I was afraid of making mistakes again, so I was often confused about 

where to start when making the table." 

……………. 

In an interview, the S3 student 

revealed that he felt confused when faced 

with a story question that asked for spatial 

reasoning or analysis of the position of the 

sides of the triangle. He could not identify 

exactly which numbers were related to the 

upright, horizontal side, or slanted side. This 

is illustrated in his statement "I am confused 

about how to make the table, sir. I don't know 

which number I should put in for the side of 

the slant and the other side." 

S3 also said that even though he knew 

the Pythagorean formula, he often made the 

wrong step when doing calculations because 

he did not understand the context of the 

problem thoroughly, "I know the formula, sir, 

but when multiplying and adding the squares, 

it is often wrong. Sometimes the numbers in 

the table don't match the end result either." 

Furthermore, the student stated that the lack 

of concrete examples or gradual explanations 

made him hesitant to start solving the 

problem "if there is a clear example or the 

steps are explained in more detail, I might 

understand it more easily, sir." This statement 

indicates that students not only have 

difficulty in understanding the content of the 

problem, but also experience obstacles in 

relating contextual information to proper 

mathematical procedures. These weaknesses 



Dian Ardhiansah, Dedi Muhtadi, Vepi Apiati 

 

32 

 

have an impact on inaccuracies in choosing a 

settlement strategy, including in compiling 

diagrams, tables, or selecting appropriate 

operations. 

These findings show that many 

students do not have  adequate mathematical 

literacy  skills, especially in recognizing 

important elements of the question text and 

relating them to their conceptual knowledge. 

This difficulty reflects the gap between the 

understanding of everyday language and 

formal mathematical representations. 

This condition is supported by research 

by Rina & Bernard (2021) which found that 

many students have difficulty in converting 

verbal information into concrete 

mathematical forms. This is also discussed by 

Meika et al. (2022), which states that 

teaching that does not pay attention to the 

understanding of story problems can hinder 

students' understanding of context-based 

mathematics material. 

4. Difficulties Related to Math Anxiety 
Mathematics anxiety is a factor that 

interferes with students' ability to solve math 

problems. Students who feel anxious often 

have difficulty concentrating and performing 

calculations accurately. The results of the 

observation showed that as many as 50% of 

students felt nervous about facing problems 

with large numbers, which shows how 

students' mistakes often arise due to their 

inability to think clearly under pressure. The 

following is picture 4 which shows students 

feeling discomfort in counting.  

 

Figure 4. Answers for Students Who Have Difficulties Related to Math Anxiety 

To see the causes of mistakes made by 

students, the following is a transcript of the 

interview between the researcher and the S4 

participant. 

Dialogue 4 

……………. 

Researchers : "How do you feel when you see a problem involving the Pythagorean 

Theorem?" 

S4 : "I was immediately nervous, especially if there were big numbers or roots. 

I'm afraid of making mistakes, and it makes me unable to think clearly." 

Researchers : "Have you ever felt that anxiety is preventing you from solving problems?" 

S4 : "Often. I know the formula, but when I'm nervous, I forget everything." 

……………. 

The results of the interview with S4 

revealed that a nervous feeling arose that 

before the work process began, just because I 

saw a problem that was considered difficult 

"I immediately got nervous, especially if 

there was a large number or root. I'm afraid 

of making mistakes, and it makes me unable 

to think clearly." S4 also stated that the 

anxiety he experienced caused him to be 

unable to access the formulas or steps that he 

had actually learned. When in a stressful 

state, learners tend to lose focus and make 

unnecessary mistakes. "Often. I know the 

formula, but when I'm nervous, I forget 

everything." 

This description suggests that math 

anxiety not only impacts emotional aspects, 

but also affects cognitive functions such as 

working memory and concentration. Students 

who experience high anxiety tend to avoid 

problems that seem difficult, and when forced 

to work, they experience "mental blocks" that 
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cause difficulties in logical and systematic 

thinking. 

In addition, observations showed that 

anxious students often showed passive 

behavior in class, such as not asking 

questions when having difficulties, lowering 

their heads when asked to answer, or rushing 

to solve problems without reading carefully. 

This reinforces the finding that anxiety not 

only comes from within students, but is also 

influenced by a less supportive learning 

environment. 

These findings are consistent with the 

research results of Setiawan (2024) which 

states that students' critical and systematic 

thinking skills, which ultimately hinder them 

in solving mathematical problems 

effectively. These findings are consistent 

with studies by Rozgonjuk et al. (2020), 

which states that math anxiety often hinders 

students' ability to plan and execute 

appropriate problem-solving measures. 

5. Factors Causing Difficulties 

Based on the results of the study, the 

difficulties experienced by students are not 

only influenced by internal factors, such as 

understanding mathematical concepts and 

skills, but also by external factors related to 

the learning process in the classroom. Some 

of the key factors found include: 

a. Monotonous Teaching Methods Most of 

the students revealed that the teaching 

methods applied focused more on the 

delivery of theories and formulas without 

providing opportunities for students to 

explore or experience mathematics 

concepts. The results of the interviews 

showed that students felt bored with 

learning that was only centered on lectures 

or practice questions without any more 

interesting or interactive approach. 

Research by Fianingrum et al. (2023) also 

suggests that a more interactive and 

contextual approach to learning can 

improve students' understanding of 

mathematical concepts 

b. Limited Use of Learning Media 

Students also revealed that they had 

difficulty understanding Pythagorean 

Theorem due to the lack of use of 

interactive learning media. Most students 

feel that abstract mathematical concepts, 

such as the Pythagorean Theorem, are 

easier to understand if they are presented 

in visual form or using technology. This is 

in accordance with research by Pelletier et 

al. (2022), which shows that the use of 

visual media can help students understand 

the relationship between mathematical 

elements more clearly. 

c. Limitations of Technology Use 

Although technology can play an 

important role in mathematics learning, 

this study found that the use of 

educational technology in the classroom is 

still limited. Students are not given the 

opportunity to use learning software or 

visual aids that can help them better 

understand concepts such as the 

Pythagorean Theorem (King et al., 2023; 

Gu et al., 2024; Shehzad & Charles., 

2023). 

The findings of this study show that 

students' difficulties in understanding the 

Pythagorean Theorem are caused by various 

factors, including conceptual, procedural, 

and interpreting problems in the story, as well 

as high math anxiety. Actionable solutions to 

address these difficulties include a more 

interactive and contextual approach to 

learning, the use of visual media, and the 

integration of educational technologies to 

support student understanding. With the 

application of these solutions, it is hoped that 

students' understanding of the Pythagorean 

Theorem can increase significantly. 

 

CONCLUSION 

Based on the results of analysis and 

discussion, it can be concluded that students 

experience four main types of difficulties in 

solving Pythagorean Theorem problems, 

namely conceptual errors, procedural errors, 

difficulties in interpreting story problems, 

and mathematical anxiety. These four 

difficulties do not stand alone, but are 

interrelated and strengthened by external 

factors such as monotonous teaching 

methods, lack of use of visual media and 

technology, and low motivation to learn. 

This finding answers the formulation 

of the problem posed in this study, namely 

regarding the forms of difficulties faced by 

students and the factors behind them. This 

research implies the need to transform the 
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approach to mathematics learning in schools, 

by emphasizing the use of visual media, 

educational technology such as GeoGebra, 

and interactive learning strategies that suit 

students' learning styles. In addition, 

attention to the affective aspects of students 

such as math anxiety also needs to be 

integrated in learning planning. 

However, this study has limitations. 

First, the study subjects included only 

students from one school, so the results could 

not necessarily be generalized to a wider 

population. Second, the approach used is 

qualitative so that it cannot provide 

quantitative information that describes the 

level of difficulty numerically. Follow-up 

research is recommended to involve more 

schools with a mixed approach to make the 

results more comprehensive and 

representative. 

Based on these findings and 

limitations, the researcher recommends that 

teachers implement learning strategies that 

integrate visual media and digital technology 

consistently, as well as create a supportive 

learning environment to reduce math anxiety. 

In addition, training for teachers in designing 

learning approaches that are contextual and in 

accordance with the characteristics of 

students also needs to be encouraged. Further 

research can be focused on developing 

technology-based learning models 

specifically designed to address the types of 

difficulties that have been identified in this 

study. 
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