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Abstract 
The objectives of this study are to determine the type of errors made by the students when 
solving the problems related to quadratic equations and to identify the factors that lead 
students to make these errors in the test. The type of error is based on Newman Error Analysis 
that includes reading type error, comprehension error, transformation error, process skill 
error and encoding error. A diagnostic test was used as the instrument of this study and a 
semi-structured interview was used to identify the causes of students' committing such errors 
from the perspective of the students themselves. The samples were made up of 30 Form Four 
students from a secondary school in Malaysia. Data was analysed using descriptive statistic 
and qualitative content analysis. The findings showed that most students make errors in 
transformation and comprehension while the number of students who make encoding errors 
was small and there were no reading errors found. Based on test results, interviews were 
conducted among three students with different levels of understanding. The main reason 
students make errors in solving quadratic equations is a lack of understanding of the basic 
concepts and the learning styles.  Teacher and student must understand the importance to 
eliminate these errors in solving quadratic equation which will give huge impact to the 
students’ learning mathematics in the future. 
Keywords: Quadratic Equation, Students’ Error, Newman Model, Mathematics, 
Transformation Error 
 
Introduction 
In this era of globalization, the subject of mathematics has become something important to 
all societies with the advancement of science and technology that has brought a new 
perception to our lives. In this advanced world of education, mathematics plays an important 
role where it can be seen through our national education system which makes mathematics 
a core subject in primary and secondary schools (Hassan et al., 2016). Teaching mathematics 
is very important for intellectual development. There is no other subject in the curriculum 
that makes students’ brains active like mathematics (Yadav, 2019). Therefore, students 
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should master the concepts in this subject in order to be able to apply the concepts in other 
subjects or daily life.  
 

Algebra is a branch of mathematics that involves solving equations and inequalities to 
find an unknown quantity. Algebra is the most abstract part of mathematics that has 
correlations with other mathematical topics, such as logarithms, indices, statistics, and 
calculus (Susac et al., 2014). In the education system in Malaysia, algebra is an important topic 
in the school mathematics curriculum. The teaching of quadratic equations is a part of 
algebra, and the teaching of this field in schools has started as early as Form One through the 
Malaysian School Standard Curriculum (KSSM). Yet, there are still many students who face 
problems with this topic while in high school. Ideally, students are expected to master the 
concepts in this topic as they do in lower secondary. However, students continuously make 
errors on this topic, hence failing to have a strong basis for mathematics subjects at tertiary 
level (Tendere, 2020). 

 
Students face difficulties in solving problems because they do not master a topic and 

often make mistakes. Many errors in mathematics have different contexts based on the 
situations in which they occur, which attribute the error to an inability to answer a problem 
correctly (Wahab et al., 2014). Students find difficulty in learning mathematics for the reason 
that they do not understand mathematics at a lower level since mathematics is a structured 
and tiered or hierarchical science. Even with all the efforts, learning mathematics has been 
difficult all these years for students and it has been a difficult task to deliver for teachers 
(Langoban, 2020). Lack of knowledge plays an important role in misconceptions or 
misunderstandings. This is supported by Shelly and Kiray (2019) who emphasise that 
misconceptions have been determined as one of the most important barriers to learning 
mathematics. 

 
Errors made by students in mathematics refer to a variety of factors. However, many 

errors made by students are due to not understanding the mathematical concepts contained 
in a question (Huat, 2015). Accordingly, the result of these errors ultimately leads to the root 
cause of students ’failure to master this topic. The inability to understand and master the 
topic of quadratic equations well will influence students’ interest and motivation, in turn 
affecting their use of other components that ultimately affect their performance.  

 
The conceptual framework that is used in this study is based on Newman Error 

Analysis. The Newman’s Error Analysis (1977) consists of five types of errors, which are 
reading, comprehension, transformation, process skills, and encoding (Rohmah & Sutiarso, 
2018). According to Newman, when a person attempts to answer a standard mathematics 
question, that person has to be able to pass over a number of consecutive hurdles (Chusnul 
et al., 2017). The obstacle is a step or type of error in Newman's Error Analysis.   
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Figure 1 Newman’s Error Analysis 

 
Many studies used Newman’s Error Analysis to identify the types of error performed 

mostly by students in solving quadratic equations (Zakaria, 2010; Singh et al., 2010; 
Makgakga, 2014; Santoso et al., 2017; Faradilla et al., 2019). Reading errors occur when the 
student has not mastered basic reading skills. This is the most basic error since the student 
cannot solve or determine the requirements of the problem-solving question itself. Aulia 
Rahman (2018) stated that students make mistakes in reading and there is no understanding 
of the problem well and correctly. 

  
Then, the comprehension error is an error in understanding the need for the question. 

The students were not able to interpret the questions and the strategies used to manipulate 
the question were also less precise, in which they failed to solve the following problem 
(Abdullah et al., 2015). When students are unable to understand the intent of the question, 
then it is difficult for the student to determine the work process to be performed at the same 
time, leading to transformation errors (Mahmud et al., 2020). Students make errors in this 
section when they use the wrong choice of operation, such as when the question requires the 
performance of a multiplication operation but the student chooses another operation other 
than multiplication. Transformation error is when students fail to understand the problem to 
be transformed into the form of mathematical models, and in addition, students cannot 
determine the right concept or procedure to solve the problem given (Dj Pomalato et al., 
2020). In this case, deep understanding of the concept is very important to ensure an 
appropriate solution to the question. 

 
Next, process skill errors arise when students choose the wrong process that leads to 

an arithmetic error, procedural error, or incomplete solutions. Pomalato et al (2020) outlined 
that process skill errors occur when students use rules to solve problems correctly, but make 
mistakes in computation and computing. Finally, encoding errors occur when the student is 
able to solve the problem correctly but fails to write the answer correctly or is not accustomed 
to writing a conclusion after each work on problem solving. An encoding error occurs when 
the student finishes solving the problem but misinterprets what it meant (Zamzam & Patricia, 
2018). 

 
Problem Statement 
Students will face many obstacles during the teaching and learning process in mathematics 
because problem solving is a skill that is very complex (Zakaria, 2010). Learning through 
problem solving requires students to implement the mathematical concepts that have been 
learned in solving mathematical problems. Therefore, students need to master the topic as it 
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is relevant to other mathematics components such as statistics, quadratic functions, and 
calculus. 
 

Many students do not master the factoring skills necessary for quadratic expressions 
because they usually use a scientific calculator to get the answers to the questions involving 
factorization of quadratic equations (Huat, 2015). Students fail to carry out the important 
working steps in order to solve the given equation due to the lack of prior knowledge of 
quadratic concepts such as directed numbers while the common error done by the students 
is procedural error when using factorisation (Tendere, 2020). Students considered that 
quadratic equation topic was challenging conceptually, which was proven by Zakaria (2010) 
that the highest errors made by students were in this topic compared to other mathematics 
topics, and it was highlighted as the most difficult topic after linear equation word problems 
(Didis & Erbas, 2015). Mostly, students get confused when quadratic function concepts are 
presented in different ways that they are not used to (Mutambara et al., 2020). Most students 
had not mastered the concept of quadratic expression well and were unable to factorise 
quadratic expressions perfectly (Rosli & Rasdi, 2015). 

 
A few students thought that the use of two variables "x" and "y" or the use of x twice 

in an equation resulted in a second-degree equation, while others' lack of understanding of 
the variable concept and determining the degree of a polynomial resulted in confusion 
between the quadratic equation concept and the linear equation concept (Gözde & Kabar, 
2018). It is believed that there are many other factors that influence students to make errors 
in solving quadratic equations. Thus, it is important to identify the type of errors made by 
students in solving quadratic equations at an early stage to avoid making the same errors in 
other related topics. Such challenges and the importance of quadratic equations in the 
mathematics field have prompted the researchers to conduct a study with the aim of 
identifying the types of errors that students commit and, subsequently, exploring the reasons 
they make such errors in order to overcome the learning issues. 
 
Objective 
This study aims to identify the types of errors made by Form Four students in the topic of 
quadratic equations and their causes. In particular, the purpose of this study is to identify the 
types of error that students often make in the topic of quadratic equations and determine the 
causes of students making such errors in this topic. 
 
Methodology 
Data Collection  
The design of this study is a case study with a qualitative approach, and all research questions 
will be elaborated upon through the instruments managed by the researcher. Cohen et al. 
(2011) state that a sample is a small group or subset of the population, describing its 
characteristics. The population for this study is all Form Four students at a selected secondary 
school in Malacca. A purposive sampling technique was used to select students as samples 
for this study. A sample of thirty students from Form Four made up the sample in this study.  
  

The researchers used various instruments to collect data. A test with observation was 
the instrument used to identify errors made by students in solving quadratic equations and 
follow up with an interview. The test questions were constructed based on the items in 
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textbooks and past examination papers involving the factorisation method, the quadratic 
formula, and problems solving in quadratic equations. The test was administered to the 
students where students had to show knowledge of solving the quadratic equations in the 
test.  

 
Researchers used semi-structured interviews as an instrument in this study to identify 

the causes of students' committing such errors from the perspective of the students 
themselves. Interview questions consist of structured questions and unstructured questions 
(Mahmud & Yunus, 2018). Respondents for this semi-structured interview will be selected 
based on the achievements of 30 students who have undergone the diagnostic test. After 
analysing the student’s results in the diagnostic test, the researcher selects three students 
who consist of different levels of achievement, such as high level, moderate level, and low 
level in these topics. The interviews were carried out using the Newman Error Hierarchy 
Model (1977) which aimed to determine the types of errors committed by the students on 
this topic.  

 
The researchers chose passive participation observation in this study because 

researcher will only observe and record student activity in solving quadratic equations rather 
than participate in student activity in solving quadratic equations. In determining the validity 
of this diagnostic test, the researchers used content validity. The content validity of an 
instrument is concerned with the representativeness of the targeted construct and the 
degree to which an assessment instrument is relevant to the research (Rusticus, 2014). The 
instrument validator is two mathematics teachers who have had more than 15 years of 
experience. 
 
Data Analysis 
In this study, Miles, Huberman, and Saldana's Interactive Analysis models were utilized to 
conduct data analysis, which included data collection, data reduction, data presentation, and 
findings (Uin & Banjarmasin, 2018). According to Newman, the data would be detected and 
categorized into five sorts of errors: reading error, comprehension error, transformation 
mistake, process skills fault, and encoding error. 
 

To gather data for this study, researchers performed qualitative content analysis. 
According to (Nik Azis, 2014), qualitative content analysis is a subjective, qualitative, and 
scientific way of evaluating the content of textual material through the classification process. 
 
Result 
This study discusses students' errors in solving quadratic equations. Errors were analysed 
based on students’ errors in solving process and the results showed below. Table 1 shows 
frequency of students’ errors, and each response of each item was grouped into one of the 
six categories accordingly. 
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Table 1  
Frequency of Students’ Error 

Key:I=Reading, II=Comprehension, III=Transformation, IV=Process Skill, V=Encoding 
 
Overall, the frequency of transformation and comprehension type errors was the highest and 
was followed by process skill errors. The table above shows 65.3% of the items in test were 
answered correctly by students.  The highest error made by students in this topic is 
transformation error (14.7%) and follow by comprehension error (11.0%). Process skill error 
was 7.7% whereas encoding error (1.3%) was the least error made by students in solving 
quadratic equations. On the other hand, there is no reading error made by students. 
 
a) Reading Error 
The first error being identified was a reading error. Reading error is an error when students 
are wrong in reading important words in the question or students are wrong in reading 
information. However, in the aspect of reading error, there is no error made by the student. 
 
b) Comprehension Error  
A comprehension error is where the students able to read the question but failed to 
understand the questions and therefore unable to solve the questions. The students did not 
understand the meaning of ‘six years ago’ which then failed him to move the next level of 

 
QUESTION 

 
CORRECT 
ANSWER  

TYPES OF ERROR 

I II III IV V 

1 22 
(73.3%) 

0 
(0.0%) 

5 
(16.7%) 

3  
(10.0%) 

0 
(0.0%) 

0  
(0.0%) 

2 24 
(80.0%) 

0  
(0.0%) 

3 
(10.0%) 

3 
(10.0%) 

0  
(0.0%) 

0  
(0.0%) 

3 25 
(83.4%) 

0 
(0.0%) 

4 
(13.3%) 

1 
(3.3%) 

0 
(0.00%) 

0 
(0.0%) 

4 18 
(60.0%) 

0  
(0.0%) 

4 
(13.3%) 

6 
(20.0%) 

2 
(6.7%) 

0 
(0.0%) 

5 19 
(63.3%) 

0 
(0.0%) 

3 
(10.0%) 

5  
(16.7%) 

3 
(10.0%) 

0 
(0.0%) 

6 24 
(80.0%) 

0  
(0.0%) 

2  
(6.7%) 

2  
(6.7%) 

2 
(6.7%) 

0  
(0.0%) 

7 13 
(43.3%) 

0 
(0.0%) 

5 
(16.7%) 

6 
(20.0%) 

6 
(20.0%) 

0 
(0.0%) 

8 16 
(53.3%) 

0 
(0.0%) 

4 
(13.3%) 

5 
(16.7%) 

4 
(13.3%) 

1 
(3.3%) 

9 17 
(56.7%) 

0 
(0.0%) 

2 
(6.7%) 

7 
(23.3%) 

4 
(13.3%) 

0 
(0.0%) 

10 18 
(60.0%) 

0 
(0.0%) 

1 
(3.3%) 

6 
(20.0%) 

2 
(6.7%) 

3 
(10.0%) 

TOTAL 196 
(65.3%) 

0 
(0.0%) 

33 
(11.0%) 

44 
(14.7%) 

23 
(7.7%) 

4 
(1.3%) 
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problem solving. This error was made by the students because of lack of understanding of the 
language and neglect the important information which resulted in the students not being able 
to solve the problem correctly.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Student’s Answer 

 
The analysis showed that the student revealed comprehension error. The students failed to 
convert the words in the problem solving into quadratic equation, hence ended up with 
formulating wrong calculations. The following interview took place with Student 1. 
 
 
 
 
 
 
 
 
 
 
 
The conversation with Student 1 shows that the student able to solve the problem but 
overlook the main content of the question. Therefore, he knows how to solve the questions 
but is caught up by writing a wrong algebraic expression. 
 
c) Transformation Error 
The transformation error is an error when the student incorrectly transforms the problem 
into a mathematical model such as equation, image, graphic or table. In this study, the student 
able to write quadratic equation but fail to use the correct operation.  
 
 

Question 7 

A girl is now three times young as her father. Six years ago, the product of 

their ages was 420. Find the present age both of them. 

 

( )( )3 6 6 420x x− − =

Suppose students 
should subtract 6 in 
each expression 
because the 
question says six 
years ago.

  

 

Researcher : Please read the question. 
Student 1 : (Read the question without any error). 
Researcher : Good. Now, can you tell me, what the question wants?  
Student 1 : Err, to find the present age both of them. 
Researcher : Ok. Let’s look back at the question, what does ‘six years ago, the  

   product of their ages was 420’ means? 
Student 1 : Hmm.  
Researcher : Alright. Let me show you the correct answer. (Researcher showed the  

   answer to the student). Can you identify where is the mistake you did? 
Student 1 : I didn’t minus six. 
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Figure 3 Student’s Answer 
 
This student revealed transformation error where he knows to form quadratic equation but 
mistaken use the wrong operation. Suppose he need to subtract 4p2 and then, he manifested 
technical error while rearranging the equation. Anyhow, this student knew how to solve the 
equation but then failed to perform correct working although the answer is correct. The 
following conversations took place with Student 3. 
                                                        
 
 
 
 
 
 
The conversation with Student 3 shows the student revealed an error in writing the correct 
sign. This student attempt to solve the quadratic equation but since he writes +4x2 instead -
4x2, then this led to wrong steps next.  
 
d) Process Skill Error 
The process skill error occurred when there is arithmetic error, procedural error and 
incomplete solutions. In this study, students committed procedural error as student 
comprehended the question’s content well but having problem when dealing with 
factorisation and expansion method.  
 
 
 
 

Student makes error while 
expand the expression 
 

( )( ) ( )( )

( )( )
2 2 2

2

2 3 6 4 5 6

   5 4

3 12 4 29 30 5 4

12 33 18

x x x x

x x

x x x x x

x x

= + − + + + +

+

= − + + + + +

= + +

 

 

Question 6 

               
out  . If the shaded area is cut2cm 2and each shaded area is p 2The area of rectangular is 28 cm

find the value of p.2 from the cardboard and the remaining area of the cardboard is 12cm 

 

 

Researcher : Now, please read the question 6. 
Student 3 : (Read the question fluently). 
Researcher : Ok. Can you tell me what is the error you have done? 
Student 3 :  I accidently put plus symbol.  
Researcher : May I know why you did such mistake? 
Student 3 : I’m in rush to complete the question so I overlooked the question. 
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Figure 4 Student’s Answer 
 
The response showed that the student did an arithmetic error while expand the expression 
result ended up wrong answer. He did not realise about the error that he made since he 
continues the steps till the final answer. The following interview took place with Student 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 4  

2 kg of fish is RM 6 cheaper than triple the price of 2 kg of chicken while price for 2 kg of crab is 

RM 6 more expensive than 2 kg of chicken. Assuming the price of 2 kg of chicken is RM x, find 

the total cost for (x+2) kg of fish, (4x+5) kg of crab and (5x+4) kg of chicken. Express your answer 

in the form of quadratic expression. 

 

Arithmetic error 

( )( ) ( )( )

( )( )
2 2 2

2

2 3 6 4 5 6

   5 4

3 12 4 29 30 5 4

12 33 18

x x x x

x x

x x x x x

x x

= + − + + + +

+

= − + + + + +

= + +

 

 

Question 9 

The diagram above shows a cone with height x cm and the side of the cone is 

(x+6) cm. Express the radius of the base cone in x value. Then, find the value of 

x if the volume of cone is 160 π cm3. 

(Volume ) 

 

 

Researcher : Ok. Let see question 4. Did you understand the question? 
Student 2 : Yes, teacher. 
Researcher : Ok. Now, can you tell me what is the error you have done? 
Student 2 :  I wrongly calculate. I multiply 2 and x. 
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Figure 5 Student’s Answer 
 
The student commit in this error due to the mistake in writing 160 on the right-hand side of 
the equation instead of zero. Then, she did not rearrange the equation in general form of 
equation before performing factorisation and this led her to make process skill error. The 
following conversations took place with Student 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Procedural error 

( )( )

2

2

4 12 160

4 12 160 0

4 8 5 0

8      5

x x

x x

x x

x x

+ =

+ − =

+ − =

= − =

 

Question 8  

Ali and his friends chartered a boat for RM 120 for a trip to an island at the last moment, one 

of the them opts out, resulting in each of the remaining people have to pay RM 10 more. If the 

cost of chartering the boat shared equally among them, find how many people are there at 

the beginning?   

 

Researcher : Then, see question 9. Can you show me the working steps that you have   
        used to solve it? 
Student 3 : (Write the working on paper). 
Researcher : Ok. Can you tell me what is the error you have done? 
Student 3 :  I’m not sure teacher. 
Researcher : Let me show the correct working. 
Student 3 : (Looking at the working). 
Researcher : Can you identify the error that you made in this question? 
Student 3 : Yes. I didn’t do factorisation. 
 

 

 

  



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES 
Vol. 1 1 , No. 12, 2021, E-ISSN: 2222-6990 © 2021 
 

222 
 

    
Figure 6 Student’s Answer 

 
 
 
 
 
 
The student’s response showed that he stuck in the middle as he faces difficulties in 
completing the question. The following interview except took place with Student 1. He failed 
to realise that he needs to factorise the equation to get final answer. 
 
 
 
 
 
The conversation with students shows the student revealed an error in arithmetic, 
factorisation and solving the equation because they did not master the concept of solving 
quadratic equation well. Therefore, the students commit in process skills error which finally 
lead to wrong solution. 
 
e) Encoding Error 
Based on the analysis, the student able to read, transform, comprehend and make procedural 
solution. However, the answer did not comply with the question’s needs in minutes for the 
time taken. Therefore, this error leads the student to committed in encoding error.  
 
 
 
 
 

Incomplete solution 
 
𝑥𝑦 = 120           (𝑥 − 1)(𝑦 + 10) = 120  
  

 𝑥 =
120

𝑦
            𝑥𝑦 + 10𝑥 − 𝑦 − 10 = 120 

120 + 10 (
120

𝑦
) − 𝑦 − 10 = 120 

 
1200

𝑦
− 𝑦 − 10 = 0 

 

1200 − 𝑦2 − 10𝑦 = 0 

𝑦2 + 10𝑦 − 1200 = 0 
(𝑦 − 30)(𝑦 + 40) = 0 

y = 30      y = - 40 (rejected) 

 

 

 

Question 10 

88p.  -2 A stone is thrown above and the height, t m from ground after p second is t = 16p

Find the time, in minutes, when the stone at the height of 73 m from ground. 

 

Researcher : Why you did not finish question 8? 
Student 1 : I don’t know how to do. 
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Figure 5 Student’s Answer 
 
The student’s response showed that he did an encoding error where the final answer for the 
time taken should be in minutes while the student gives answer in seconds. The following 
interview except took place with Student 2. 
 
                       
 
 
 
 
 
 
  
 
The conversation with Student 2 shows the student able to solve the problem but overlook 
the requirement of the question which cause him to make encoding error.  
 
Discussion 
Based on the results, it appears that the majority of the students managed to answer the first 
three questions correctly. More than 70% of the students scored correctly on items 1, 2 and 
3 because these three questions were not complex and tricky for the students, as they were 
at an understanding level. It is not a surprise that the majority of the students were able to 
answer them without any complex problems. 
 

On the other hand, questions 3,4,5,6 and 7 were placed at the moderate level for the 
students because the questions were intended to enhance students’ critical thinking, which 
resulted in more students making transformation errors. Finally, questions 8, 9 and 10 were 
problems that required students to think critically and relate all the methods that they have 
learned to solve them. It was found that less than 60% of students were able to answer. 

 

p = 0.10 minutes

 

Researcher : Let see question 10. Did you understand the question? 
Student 2 : Yes. 
Researcher : Can u read the question. 
Student 2 : (Read the question without any error) 
Researcher : What the questions wants? 
Student 2 : Find time taken, in minutes, when the stone at the height of 73 m from       

  ground. 
Researcher : Did you do the error you made in this question? 
Student 2 : Yes, teacher. I didn’t change time into minutes. 
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The most frequent errors committed by students in using factorization include 
transformation errors, comprehension errors, and process skill errors. Students have 
problems understanding the questions and often misunderstand the needs of the questions. 
This weakness is probably due to the lack of emphasis by the teacher in the teaching and 
learning process about how to transform the problem solving into a mathematics equation 
(Mahmud et al., 2021). This supports Singh et al. (2010) contention that when tackling 
mathematical problems in English, students had more difficulty with content knowledge than 
with language difficulties. 

 
Besides that, the transformation error occurred during the expansion of algebraic 

expression. Students make errors in positive and negative signs involved in computation. The 
finding of the study supports the research of Tendere (2020) that most students have 
problems simplifying algebraic expressions and factorization, as well as performing algebraic 
operations. Based on interview analysis, it shows that the main reason students make errors 
in solving quadratic equations is a lack of understanding of the basic concepts and the learning 
styles. This is agreed upon by Gözde & Kabar (2018), who states that students lack 
prerequisite knowledges and they face difficulty in factorization. 
 
Conclusion 
The understanding of the concept in topic should be given priority in determining one’s 
success and no longer to academic achievement alone. This study found the highest 
occurrence of transformation error, followed by comprehension error, process skill error, 
encoding error and none in reading error. Therefore, teacher and student must understand 
the importance to eliminate these errors in quadratic equation. If these errors not tackle at 
the early stage, it will give huge impact to the students’ learning mathematics in the future. 
This study could give information to other researcher, teacher and academic institution on 
types of mathematical error by looking into the method and findings section covered in this 
study. In a nutshell, the role of teachers is important in enhancing the potential of students. 
An educator must be creative in choosing the manner of delivery and the appropriate method 
so that the lesson can be delivered effectively based on objectives and students are able to 
understand the concepts. In addition, the teacher should emphasis more on word problem 
and drill the students with effective solving strategies.  
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