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Abstrak 
Matriks merupakan salah satu materi yang diajarkan di sekolah. Namun kebanyakan siswa 
masih melakukan kesalahan dalam menyelesaikan soal materi matriks terutama pada 
perkalian matriks. Oleh karena itu perlu dilakukan analisis kesalahan yang dilakukan siswa 
dalam mengerjakan soal perkalian matriks untuk meningkatkan efektivitas pembelajaran. 
Tujuan penelitian ini adalah menganalisis kesalahan siswa dalam menyelesaikan soal 
perkalian matriks. Jenis penelitian ini adalah deskriptif kualitatif. Teknik pengumpulan 
data yang digunakan pada penelitian ini adalah teknik tes dan wawancara. Subjek 
penelitian terdiri dari 28 siswa kelas XI SMK Perpajakan Riau tahun ajaran 2021/2022. 
Analisis kesalahan siswa dilihat berdasarkan teori Kastolan yang terdiri dari kesalahan 
konseptual, kesalahan prosedural, dan kesalahan teknik. Hasil analisis kesalahan siswa 
dalam menyelesaikan soal perkalian matriks menunjukkan bahwa sebanyak 47,9% siswa 
melakukan kesalahan konseptual, 16,4% melakukan kesalahan prosedural, dan sebanyak 
35,6% siswa melakukan kesalahan teknik. 
Kata Kunci: kesalahan konseptual; kesalahan prosedural; kesalahan teknik; perkalian 
matriks; teori kastolan. 
 

Abstract 
Matrix is one of the materials taught in schools. However, most students still make 
mistakes in solving matrix material problems, especially in matrix multiplication. 
Therefore, it is necessary to analyze the errors made by students in working on matrix 
multiplication problems to increase the effectiveness of learning. The purpose of this 
study was to analyze the students’ errors in solving matrix multiplication problems. This 
descriptive qualitative study collected the data by utilizing test and interview techniques. 
The participants consisted of 28 students of class XI of the Riau Taxation Vocational School 
for the 2021/2022 academic year. Analysis of student errors was based on Kastolan's 
theory which encompassed conceptual errors, procedural errors, and technical errors. 
Keywords: conceptual errors; kastolan theory; matrix multiplication; procedural errors; 
technical errors. 
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I. INTRODUCTION 

Education is one of the most important 

things in life. The human mind improves by 

education processes. The education 

process ideally develops the thinking 

processes of students starting from low 

level to higher level of thinking (Sari, 

Sukestiyarno, & Walid, 2022). Mathematics 

is a subject taught to students at school. 

Mathematics plays an important role in 

life. It is a science used in almost all other 

branches of science (Kumar, 2017; 

Masfufah & Afriansyah, 2022). Various 

concepts and theorems of mathematics 

can be used in calculations and judgments 

in various fields. Mathematics trains 

critical, logical, analytical and systematic 

abilities in order to master other 

knowledge (Maryam & Zanthy, 2019; 

Pratama & Mardiani, 2022). In an effort to 

achieve the goals of learning mathematics, 

there are a number of obstacles that 

impede the achievement of the learning 

goals. One of the challenges in teaching 

mathematics is the perception of students 

who consider mathematics difficult (Sari et 

al., 2020). The difficulties are likely to 

create errors in the process of interpreting 

concepts. This will result in a decrease in 

students' mathematical thinking abilities. 

Matrix material is one of the materials 

taught in mathematics. It is a mathematical 

lesson provided to class XI students 

requiring several basic competencies to be 

achieved. The materials studied in the 

matrix are types of matrices, matrix 

transpose, matrix similarity, matrix 

arithmetic operations, matrix inverse and 

matrix determinants. According to Khairani 

and Kartini (2021), there were many 

students who made errors on matrix 

problems. It occurred because the students 

did not understand the concept of the 

matrix as a result students unabled to solve 

the problems given. 

Based on the study by Yesino et al. 

(2020), errors often made by students 

included errors in performing matrix 

multiplication operations, errors in solving 

matrix similarities, errors in solving systems 

of linear equations related to matrices, and 

errors in solving matrix determinants. This 

was in line with the findings of Ainin et al. 

(2020) that there were 9 types of errors 

made by students in matrix material, 

namely errors in changing word problems 

into matrix form, errors in determining the 

inverse matrix formula, errors in 

understanding the concept of matrix 

equations, errors in determining adjoin 

matrices, errors in operating numbers, 

errors in determining determinants matrix, 

errors in continuing the solving process, 

errors in matrix multiplication, and errors 

in determining the final result. Matrix 

multiplication is a sub-matrix of the matrix 

that students should master. Practically, 

matrix multiplication is needed to solve 

problems related to the equality of two 

matrices, the determinant of a matrix, the 

inverse of a matrix, and other basic 

algebraic operations (Sari et al., 2020). 

According to Widodo (2016), also 

Arnandi, Siregar, and Fitriawan (2022), 

students had different levels of difficulty in 

mathematics. The difficulties experienced 

by students could increase the chances of 

errors occurring when solving math 

problems in other subject matter (Ana & 

Nusantara, 2021). Factors triggering 

student errors in working on problems was 

the lack of student mastery of the concepts 
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and theories learned in mathematics 

(Mutmainah & Sari, 2019). Errors that 

occurred when students completed the 

quesion need to be analyzed. As stated by 

Ainin et al. (2020), students' errors in 

working on questions must be identified so 

that the teacher could be aware of various 

students’ errors. 

The analysis aimed to find out the actual 

events, describe the main issues and 

examine parts and find the relationship 

between the parts to obtain a conclusion 

(Fitriyah et al., 2020). Error analysis is a way 

to examine, observe, and classify errors 

specifically (Wardhani & Chotimah, 2021). 

Error analysis was carried out to obtain the 

types and causes of errors made by 

students, with the purpose that the 

teacher was able to  find the appropriate 

solution as it increased the effectiveness of 

learning (Yesino et al., 2020). 

Based on the previous analysis and 

studies, it was necessary to do an analysis 

to find out types of the students’ errors in 

solving matrix multiplication problems. 

Error analysis as a rule consists of many 

theories that form the basis of analysis. 

Mathematical errors in this study were 

analysed based on Kastolan's theory as a 

benchmark for grouping the types of errors 

made by the students. There are three 

types of errors according to Kastolan, 

namely conceptual errors, procedural 

errors, and technical errors (Ulfa & Kartini, 

2021; Hendriyanto et al., 2022). Conceptual 

errors are errors that emerge because 

students misuse or do not interpret 

concepts related to the problem (Fitriyah 

et al., 2020). Procedural errors are errors 

that emerge because students are unable 

to find a solution to a mathematical 

problem (Lutfia & Zanthy, 2019). Technical 

errors occur due to a lack of student 

accuracy in determining the results of 

arithmetic operations (Noviani, 2019). The 

findings of this study were expected to be 

able to provide an overview to teachers 

and students regarding the mistakes made 

by students in solving matrix multiplication 

problems. This study focused on describing 

the types of errors made by students in 

solving matrix multiplication problems 

based on Kastolan’s theory. 
 

II. METHOD 
This qualitative descriptive study aimed  

to describe the errors made by students in 

solving matrix multiplication material 

problems. The study was conducted in the 

even semester of the 2021/2022 Academic 

Year. The participants were 28 students 

who had attended matrix lesson, namely 

class XI of the Riau Taxation Vocational 

School. The data collection used interview 

techniques and written tests consisting of 

five items describing the matrix 

multiplication material. The data analysis 

was carried out by testing the validity, 

reliability, and difficulty level of the 

questions. 

The validity, reliability, and difficulty 

level of the five items were analyzed using 

SPSS version 26. The validation results for 

each item using SPSS are shown in Table 1. 
Tabel 1. 

Item Validation Results Using SPSS 

Question 
Number 

Correlation Qualification 

1 0.720 Very Significant 

2 0.742 Very Significant 

3 0.741 Very Significant 

4 0.931 Very Significant 
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5 0.909 Very Significant 

 

The results of the validation test of the 

five items using SPSS showed that the five 

items were categorized as valid, meaning 

that the five items could be used to identify 

errors made by students. Furthermore, the 

results of the item reliability test showed a 

correlation value of 0.812 which was 

included in the very high category. 

In addition, an analysis was carried out 

to review the level of difficulty of the 

questions. The results of the analysis of the 

difficulty level of the questions using SPSS 

are presented in Table 2. 
Tabel 2. 

Results of Calculation of Item Difficulty Level Using 

SPSS 

Question 
Number 

Correlation Qualification 

1 0.714 Easy 

2 0.571 Currently 

3 0.321 Currently 

4 0.392 Currently 

5 0.392 Currently 

 

The results of calculating the difficulty 

level using SPSS showed that question 

number one was in the easy category and 

the other four questions were in the 

moderate category. 
 

III. RESULT AND DISCUSSION 

Based on the results of the tests 

conducted on 28 students, there were 13 

students who reached the passing grade, 

namely 75, while 15 other students were 

still under the passing grade. The highest 

score obtained by students was 100 and 

the lowest score was 4.4 with the average 

score of 63.7. It implied that there were a 

lot of errors made by the students. 

Based on the data obtained, the 

students incorrectly answered the matrix 

multiplication problems. The details of the 

percentage of the students’ results is 

presented in Figure 1. 

 

 
Figure 1. Percentage of Student Answers 

Based on Figure 1, the percentage of 

students who correctly answered the 

matrix multiplication question was 47.9%, 

45% answered incorrectly, and 7.1% did 

not answer. There were various types of 

errors that students made. The errors 

included conceptual errors, procedural 

errors, and technical errors. According to 

Kastolan’s theory, the percentage of 

student errors for the three types of errors 

is presented in Figure 2. 

 

 
Figure 2. Percentage of Student Errors 

 

A. Conceptual Error  

Conceptual errors were errors that 

occur because students misunderstood or 

did not understand the concepts related to 

the problem. The  indicators of conceptual 

errors according to Kastolan ( Lestari, 2018) 

were 1) using the wrong formula, theorem 

or definition to solve a problem; 2) not 
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providing the formulas, theorems, or 

definitions to solve a problem; and 3) not 

providing an answer to the problem. In this 

study, the conceptual error indicators used 

were 1) misunderstanding the concept of 

matrix multiplication, ie, multiplying row 

and column elements incorrectly; and 2) 

not answering the questions given at all. 

Based on Figure 2, it implied that the 

majority of students made conceptual 

errors with a percentage of 47.9%. The 

number of students who made 

misconceptions about the five questions 

were presented in Table 3. 

Tabel 3. 
Percentage of Concept Errors 

Question 
Number 

Many 
Students 

Percentage 

1 8 11.0% 

2 6 8.2% 

3 7 9.6% 

4 5 6.8% 

5 9 12.3% 

Total 35 47.9% 

 

Based on Table 3, it it demonstrated 

that the number of conceptual errors made 

by students on the five items wer 35 errors. 

From the student answer sheets, it was 

found that 47.9% of the students did not 

understand the concept of matrix 

multiplication. It was supported by the 

students' answers on the multiplication 

between 2 × 2  matrices presenting the 

final result in the form of a 2 × 1 matrix. In 

addition, there were some students who 

did not provide the completion steps at all 

for the questions given. Below is one of the 

student's answers that made a conceptual 

error. 

 
Figure 3. Percentage of Student Errors 

 

Based on Figure 3, it was demonstrated 

that the SW-1 student's answered question 

number 2. SW-1 student made a 

conceptual mistake because SW-1 student 

did not understand the concept of matrix 

multiplication. Supposedly, the 

multiplication of two matrices is done by 

multiplying the number in the row of the 

first matrix by the number in the column of 

the second matrix. In addition, if there was 

a multiplication of two 2 × 2 matrices, then 

the result was a 2 × 2 matrix. From the 

interview results, SW-1 student stated that 

he did not understand the concept of 

matrix multiplication. SW-1 student 

assumed that the result of all multiplication 

matrices was a 2 × 1 matrix, namely 

adding up all the elements contained in 

each row of the matrix. The conceptual 

errors that occurred among students were 

in line with the results of the study by 

Natsir et al (2016) which  found that the 

factors causing students to make 

conceptual errors were that they did not 

understand the concept and could not 

apply the concept. 
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B. Procedural Error  

Procedural errors were caused by the 

the  students’ inability to solve math 

problems. The indicators of procedural 

errors according to Kastolan(Puji Lestari, 

2018) were 1) the disorganization of the 

steps in solving the problem; 2) inability to 

manipulate steps to answer a problem; 3) 

did not solve the problem to its simplest 

form. The procedural error indicator 

presented in this study was not solving the 

problem to its simplest form. 

According to Figure 2, the procedural 

error was the smallest number of errors 

made by students with a percentage of 

16.4%. The percentage of procedural errors 

made by students on the five question 

items is presented in Table 4. 
Tabel 4. 

Percentage of Procedural Errors 

Question 
Number 

Many 
Students 

Percentage 

1 0 0.0% 

2 1 1.4% 

3 0 0.0% 

4 7 9.6% 

5 4 5.5% 

Total 12 16.4% 

 

Based on Table 4, it implied that the 

number of procedural errors made by the 

students on the five items was 12. From 

the student answer sheets, it was found 

that the reason of the errors was that the 

students had not been able to solve the 

matrix multiplication problem to its 

simplest form. Students only provided 

multiplication between rows and columns 

without calculating the results of the 

multiplication. The students argued that 

multiplication between 3 × 3 matrices 

require a lot of calculations, so the 

students were reluctant to solve them. 

The following is a snippet of procedural 

errors made by the students on question 

number 4. 

 

 
Figure 4. Percentage of Student Errors 

Based on Figure 4, SW-2 students' 

answered to question number 4. SW-2 

students made a procedural error because 

they did not complete the last step. From 

the results of the interviews, SW-2 student 

was having difficulty in calculating on large 

matrices because of lots of numbers that 

had to be calculated. The difficulties 

experienced by SW-2 student were due to 

lack of practices. Procedural errors made 

by students were also present in the study 

by Sari & Najwa(2021) which found that 

procedural errors occurred because 

students were not able to do the 

manipulation steps properly and perform 

integer operations causing the errors in 

determining the final result. 
 

C. Technical Error  

Technical error is an error that occurs 

due to lack of accuracy in determining the 

result of an arithmetic operation or in short 

negligence. The indicators of technical 

errors according to Kastolan (Puji Lestari, 

2018) were an error in using calculation 

rules and in determining the result of a 

mathematical operation. Indicators of 

technical errors presented in this study 

were errors in the operation proces and 
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determining the results of an arithmetic 

operation. 

Based on Figure 2, the percentage of 

students who made technical errors was 

35.6%. The number of the students who 

made technical errors in the five questions 

is presented in Table 5. 
Tabel 5. 

Percentage of Technical Errors 

Question 
Number 

Many 
Students 

Percentage 

1 0 0.0% 

2 5 6.8% 

3 12 16.4% 

4 5 6.8% 

5 4 5.5% 

Total 26 35.6% 

 

Based on Table 5, there were 26 

technical errors made by the students on 

the five items. From the student answer 

sheets, it was found that the students 

frequently made mistakes on the 

multiplication operations, especially the 

multiplication of negative numbers. In 

addition, the students also made mistakes 

in the sum of negative numbers. 

The following is an excerpt of one of the 

technical errors made by students in 

question number 3. 

 

 
Figure 5. SW-3's Answer to Number 3 

Based on Figure 5, SW-3 student 

answered question number 3. SW-3 

student made a technical error because 

there was a mistake in calculating the 

result of an arithmetic operation. Based on 

the interview results, SW-3 student 

admitted that double-checking was 

supposedly done to the final result. The 

final result of question number 3 should be 

[
−36 −18
−3 −54

]. SW-3 student made a 

calculation error on the elements of the 

first row, the second column and the 

elements of the second row, the first 

column. In the elements of the first row, 

the second column, the error was 

multiplying all the numbers, research4 ×

(− 6) × (−2) × (−3), which resulted in -

144. In the elements of the second row, 

the first column, student SW-3 incorrectly 

worked on the operation of negative 

numbers, 5 × (−7) + 8 × 4 = −35 + 32. 

SW-3 student assumed that the results of 

−35 + 32 = −67 was correct. Technical 

errors made by students wew in line with 

Widyaningrum (2016) which stated that 

technical errors occurred because students 

were calculating hastily  and were not 

working carefully on the questions. 
 

IV. CONCLUSION 

There were three types of errors from 

Kastolan's theory as the guide to classify 

the errors made by students, namely 

conceptual errors, procedural errors, and 

technical errors. From the results of the 

analysis, the study concluded that 1) 

students made conceptual errors of 47.9% 

including misunderstanding the concept of 

matrix multiplication, ie, multiplying row 

and column elements incorrectly; and did 

not answer the questions at all, 2) students 
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made procedural errors of 16.4% because 

they could not provide the final answer or 

the simplest form, and 3) technical errors 

made by students of 35.6% were due to 

errors in determining the result of an 

arithmetic operation. 

Based on the conclusions, the study 

suggested that in the learning process, the 

teacher needed to pay attention to the 

level of students' understanding of the 

concept of the material being taught, 

especially matrix multiplication material by 

encouraging students that if the 𝐴𝑚×𝑛 

matrix was multiplied by a 𝐵𝑛×𝑚 matrix it 

would produce a 𝐶𝑚×𝑚 matrix. In addition, 

students should be encouraged to practice 

independently regarding the lesson topic. 

Through exercises, it was expected to 

minimize the errors made by students in 

working on mathematical problems.  
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