
 

 

 

 

 

Students’ Error Analysis in Solving Word Problems in 

Exponential Number Topic Based on Newman’s Error 

Analysis (NEA) Theory 

Anita Ummu Hidayah1, Sri Rejeki2* 

1, 2 Department of Mathematics Education, Universitas Muhammadiyah Surakarta 

 
*Corresponding author: Jl. Ahmad Yani Pabelan Kartasura, Sukoharjo, Jawa Tengah, 57169, Indonesia. e-mail addresses: 

sri.rejeki@ums.ac.id  

 

a  r  t  i  c  l  e    i  n  f  o    a  b  s  t  r  a  c  t 

How to cite this article: 

Hidayah, A.U & Rejeki, S. (2022). Students’ 

Error Analysis in Solving Word Problems in 

Exponential Number Topic Based on 

Newman’s Error Analysis (NEA) Theory. 

Eduma: Mathematics Education Learning 

and Teaching, 11(2), 151 - 165 

doi:http://dx.doi.org/10.24235/eduma.v11i2.1

1123  

 

Article history:  

Received: 08 01, 2022 

Accepted: 12 01, 2022 

Published: 12, 2022 

 

 

Copyright © 2022 

EduMa: Mathematics Education Learning 

and Teaching under the Creative Commons 

Attribution 4.0 International License. 

 In mathematics, students usually experience errors in solving word 

problems. Previous studies found that students’ skills in solving 

word problems were not good enough. Therefore, exploring 

students’ errors to be a consideration in designing efforts to 

minimize these errors is necessary. This study aimed to describe 

the errors made by students in solving word problems in 

exponential numbers based on Newman’s theory. Based on 

Newman’s view, there are five stages of students’ error: reading 

errors, comprehension errors, transformation errors, process skill 

errors, and encoding errors. This research is a descriptive 

qualitative study involving grade nine with two students in each 

category, namely high, medium, and low levels of mathematics 

ability. The data collection was conducted through documentation 

and interview. The study’s data analysis involved data reduction, 

data display, and conclusion drawing. Based on the data analysis, it 

could be concluded that: 1) students with the high mathematical 

ability still committed errors in the transformation, process skill, 

and encoding stages, 2) students with moderate mathematical 

ability were still experiencing errors in the transformation, process 

skill, and encoding stages, but one of the subjects also made errors 

at the reading and comprehension stages, 3) students with the low 

mathematical ability experienced quite a lot of errors in solving the 

word problems, namely at the comprehension, transformation, 

process skill, and encoding stages but one of the subjects also made 

errors at the reading stage. These findings could be used as 

consideration in planning teaching and learning activities to 

minimize the occurrence of similar errors in students with various 

levels of mathematical ability. 
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INTRODUCTION 

Mathematics is considered one of the most important sciences and dominates almost all 

levels of education, from elementary to college. Mathematics also plays an essential role 

in the life and development of science and technology. Those are important and essential 

because one of the general goals of mathematics is to prepare students to use the 

mathematical mindset in everyday life (Amalia, 2017). Therefore, it can be said that 

mathematics is a significant knowledge to be taught in school. 

According to Cornelius in Abdurrahman (2003: 253), the five reasons that we need to 

learn mathematics because of the following: (1) a clear and logical means of thinking, (2) 

a means to solve problems in everyday life, (3) a means to recognize patterns of 

relationships and generalization of experience, (4) a means for the development of 

creativity, (5) a means for increasing awareness of cultural development. However, a 

learning process does not always run smoothly and successfully, considering that the 

child's ability to receive material is also different. Some students have high and medium 

skills, and some have low skills. Some of these skills result in children's success in 

learning and experiencing differences. 

Mathematical ability is performing mental activities such as thinking, reasoning, and 

using all the knowledge to solve mathematical problems (Men, 2017). Students’ 

mathematical abilities vary and are categorized in the form of levels (Men, 2017). This 

study classified students’ mathematical skills into high, medium, and low. Each of those 

levels may experience different errors in solving mathematics problems. 

In Newman’s opinion in White (2005), errors in the work of mathematical problems are 

categorized into five types of errors, namely: (1) reading errors, (2) comprehension errors, 

(3) transformation errors, (4) process skill errors, and (5) encoding errors. In the process 

of problem-solving, according to Newman’s theory, there are two kinds of obstacles that 

hinder a student from arriving at the correct answer. Those obstacles are (1) problems in 

linguistic fluency and conceptual understanding that correspond with the level of simple 

reading and understanding meaning of problems, and (2) problems in mathematical 

processing that consists of transformation, process skills, and encoding answers 

(Prakitipong & Nakamura, 2006). The use of problem-solving stages with Newman 

procedures is expected to help determine the variety of student errors. Therefore, 

Newman’s theory can be used as a reference in analyzing student errors and knowing 

the causes, especially in math word problems. 

There are still many students who have difficulty solving math word problems. Solving 

mathematical problems in the form of word problems requires the ability to calculate or 

calculate and needs reasoning power (Umam, 2014). So, students can know what the 

matter means, and all the information about what is known and asked, aspects of 

solving the word problem are quite a lot. Students must be able to understand the 

intentions and problems that will be solved, compile the mathematical model, and relate 

the problem with the learning material that has been studied so that they can solve it 

using the knowledge that has been owned (Umam, 2014). 
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Several studies have investigated the causes of students' difficulties in solving math 

word problems. Students can have trouble doing the stages of solving problems because 

they are not used to writing down problem information, are less careful in determining 

solutions strategies, are inaccuracy in doing calculations, and are less precise in writing 

conclusions (Sutama et al., 2020). In addition, Timutius et al.  (2018) reveal the difficulty 

of students lies in the process of solving, not understanding problems, misrepresentation 

in identifying images, incomplete completion, and understanding of the concept of 

material. The difficulty of most math problems does not lie in calculations but in 

knowing how to clarify the problem so they can solve it. Students always want to get the 

final result directly without making a simple mathematical model of the problem (Kania, 

2018). 

Another study of Nursyahidah et al. (2018) states that the errors made by students are: 

wrong in converting the information given into mathematical models, students cannot 

determine formulas, students being wrong in the selection of concepts, errors in 

interpreting solutions, students do not make conclusions, and errors in calculations. The 

reason why students make errors is to pay less attention to problems, forget formulas, 

lack understanding of the material, and be less thorough in doing calculations. 

Furthermore, Muntaha et al.  (2020) explained that capable students have difficulty 

understanding the steps of mathematical modeling. The problem is caused because 

students cannot assume verbal sentences, especially those containing the same two 

variables. In addition, students have not been able to explain why they choose symbols 

contained in mathematical equations or models. The research conducted by Asriyani et 

al.  (2020) concluded that student errors are caused by: haste to read and understand 

problems, lack of rigor in the calculation process, and lack of understanding of basic 

concepts of calculations, algebra, calculation, and fractional reduction. Murtiyasa et al. 

(2020) explained students' errors in solving math word problems based on PISA 

frameworks. Those errors give incorrect answers on shape and space, uncertainty and 

data, and change and relationship categories. 

Previous studies found that one of the mathematics topics in which students experienced 

errors and misconceptions is exponential numbers. They experienced errors and 

misconceptions in simplifying exponential expressions, mainly negative signs (Cangelosi 

et al., 2013). Another study stated that students still experience procedural, conceptual, 

and computational errors in solving problems in exponential numbers topic (Effendi, 

2022). Moreover, based on an interview with teachers in the research setting, students' 

understanding of the concepts of exponential numbers is less maximal, particularly in an 

online learning setting. 

The exponential number is a topic taken at the junior high school level of grade nine, 

with the primary material in exponential numbers and roots. Furthermore, the contents 

are exponential numbers, multiplication on the exponential numbers, division on the 

exponential numbers, zero power, negative power, and roots (Subchan et al., 2018). In 

solving the problem of exponential numbers, the key is to understand the nature of the 

number itself. There are properties of multiplication and division of exponential 

numbers and properties of numbers with zero power, negative power, and roots. 
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Based on the background outlined above, mathematics word problems and exponential 

numbers are challenging for students. However, there are still limited studies focusing 

on investigating errors in the topic of exponential numbers with mathematics word 

problems. Therefore, this study aimed to examine students' errors in solving math word 

problems in the exponential number topic based on Newman's theory that is reviewed 

from the students' mathematical abilities. 

METHODS 

This study uses descriptive qualitative research to determine the errors made by 

students carefully working on word problems using Newman procedures and reviewing 

students’ mathematical abilities. This study was conducted at a public Islamic lower 

secondary school. In this study, the subjects used were six students in grade nine. The 

reason for choosing six students as the subject is because the research process took place 

during the CoViD-19 pandemic, so it was impossible to involve students on a large scale 

or in one class. 

Table 1. Student Grouping Criteria 

Interval Ability Level 

x < �̅� - 
1

2
 SD Low 

�̅� - 
1

2
 SD ≤ x ≤  �̅� + 

1

2
 SD Middle 

x > �̅� + 
1

2
 SD High 

Information:  

x = Student score  

�̅� = Average student score  

SD = Standard deviation 

The research subjects were selected based on students’ learning outcomes on the 

exponential number topic, categorized into high, medium, and low mathematical 

abilities. Moreover, good communication skills are another criterion (the mathematics 

teacher’s recommendation). These categories are grouped by finding the average value 

and standard deviation and determining group boundaries. The group boundary is 

defined according to the HW (2018) presented in Table 1. Two students from each 

category were taken based on interviews with teachers with communicative, active 

criteria and a place to live close to the school. Table 2 shows the six subjects of this 

study. 

Table 2. Research Subjects 

Student Initial Category 

ANS High (S-T1) 

MIN High (S-T2) 

DW Middle (S-S1) 

W Middle (S-S2) 

APR Low (S-R1) 

SP Low (S-R2) 

 

 

 



155 
 

The data collection methods used in this study were documentation and interview. The 

documentations collect data about student errors based on students' written works in 

solving math word problems in exponential numbers. Interviews collect additional 

information that can be used as data reinforcement from analyzing students' written 

works. The instruments (mathematics word problems in exponential numbers topic and 

interview protocol) are already validated by two experts: a mathematics education 

lecturer from a university and a certified mathematics teacher from a school. 

The validity of the data in this study is the triangulation method, by using 

documentation of students' written works and interviews as reinforcement of answers 

from the result of the written test. The analysis carried out in this study is based on the 

indicators of Newman's theory errors, namely reading errors, comprehension errors, 

transformation errors, process skill errors, and encoding errors. Moreover, Jha (2012), 

Singh et al.  (2010), and White (2005) presented indicators of errors in solving problems 

in the form of descriptions based on Newman procedures as explained in Table 3. 

Table 3. Factors and Indicators of Student Error 

Error Factors Indicators 

Reading 1. Unable to recognize and or read symbols in problems. 

2. Cannot interpret the meaning of words, symbols, or terms in 

the problem. 

Comprehension 1. Unable to understand the information known in the matter in 

full. 

2. Unable to understand what is being asked in full. 

Transformation 1. Unable to create mathematical models of the information 

obtained. 

2. Do not know the formula needed to answer the question. 

3. Do not see the calculation operation required to solve the 

problem. 

Process Skill 1. Do not know the steps used to answer the problem. 

Encoding 1. Cannot determine the outcome of the problem with the steps 

that have been used. 

2. Unable to show the result of the problem correctly. 

3. Unable to write final answers to conclusions. 

 

Data analysis techniques include data reduction, presentation, and conclusion drawing. 

Data reduction, namely simplifying the data obtained from the result of student work 

and interviews. Presentation of data, namely presenting data obtained from the result of 

student errors. Then in the last stage, conclusions are drawn from the data obtained. 

The research procedure is illustrated in Figure 1. 
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Figure 1. Research Procedure 

 

RESULT AND DISCUSSION 

Written test questions are given to the six students selected based on their category of 

mathematical ability. Problems with the problem include the material of grade 9 that 

relates to everyday life.  

1.  Find the value of the following numbers: 42 x 33 x 6 

2. A study known as amoeba S reproduces by dividing two times every 15 minutes. 

How many amoebae S for one day if in 1 observation there are four amoebae? 

3. The intensity of the sound of human conversation is 106 times the intensity of the 

human voice whispering. While the power of the sound taking off is 1014 times 

the intensity of a human whisper. How many times is the intensity of the sound 

of an airplane taking off compared to the sound of human speech? 

From the data obtained, researchers can present the results of the analysis into three 

parts based on Newman's theory and reviewed from the student's mathematical ability, 

namely errors made by students at high levels of mathematical ability, errors made by 

students at moderate level of math ability, and errors made by students at low category 

levels. 

 

 

 

 

 

Test in the form of word-context 

problems in exponential numbers topic 

 

Analysis of student work results 

 

Interview 

The types of errors students make under 

Newman's procedures 

 

Analysis stage based 

on Newman 

procedures 

Student learning outcomes on 

exponential number topic 

Grouping of high, medium 

and low through student 

learning outcomes 
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Errors Analysis of Students’ with a High Level of Mathematics Ability 

 

 

Figure 2. The result of the written work of S-T1 on question number 2 

Based on the answer to problem number 2 in Figure 2, it is seen that S-T1 can read the 

problem and write down the information about the problem. Furthermore, in the 

transformation process, S-T1 can work on the problem according to mathematical 

procedures at the beginning of work. However, for the next step, S-T1 makes the error 

that is to missing 1 step using the formula in solving the problem and drawing 

conclusions or determining the results also make errors. 

P : “How do you solve the problem?” 

S-T1 : “First look for the amount of time one day in minutes, then it divides itself 

every 15 minutes so the one-day time is divided by 15 to find n and the result is 

96, and the result is 4 to the power of 96.” 

P : “After looking for it, you immediately found the answer? No further steps?” 

S-T1 : “Emm.. kinda forget, miss.” 

Based on the interview results, the S-T1 can read and understand the problems that 

have been given. However, there are shortcomings and errors due to forgetting to 

present transformation, process skills, and concluding orally and in writing. The cause of 

students making errors in process skills is that students fail how to work on problems, 

make erros in determining formulas, and are not careful in the calculation process. 

 

 

 

Figure 3. The written work of S-T2 on question number 1 

Based on the answer to problem number 1 in Figure 3, the S-T2 can read the problem 

and write down the information he saw. Furthermore, in the transformation section, it 

can be seen that the subject has worked on the existing problem, but there are still 

errors in the use of formulas or the properties of the exponents. In addition, the subject 

has not solved the problem according to what is asked. 

P : “How do you find that power value?” 

S-T2 : “Calculation of 42 x 33 x 6.” 

P : “Take a look at your work. Have you found the solution to the problem?” 
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S-T2 : “Oh yeah, not yet, miss.” 

P : “See your answer again. Why 42 can be (22+2) and six becomes 32?” 

S-T2 : “I kinda forgot about it.” 

P : “How can you forget?” 

S-T2 : “Rarely open my book, miss.” 

Based on the interview results, information is obtained that the S-T2 can read and 

understand the problems contained in the question. But in getting an answer, the S-T2 

uses steps with formulas or properties of exponential numbers that are still incorrect 

and do not perform calculations following what is sought. In drawing conclusions or 

answers, there are also errors. The subject is aware of errors in the results of solutions 

that have not been through calculations and errors like the exponential numbers due to 

forgetting and less opening the book to be relearned. 

From the discussion results above, it can be concluded that students with high-category 

mathematical skills still make some errors in working on word-context problems. 

According to Newman’s theory, the errors made are at the transformation stage, the 

process skills stage, and the encoding stage. This is in line with Rohmah (2018) research, 

which shows that some students are capable of still making some errors in solving a 

given problem. The error lies in the transformation of problems, the skill of processing, 

and the withdrawal of conclusions (Murtiyasa & Wulandari, 2020). 

Errors Analysis of Students’ with a Moderate Level of Mathematics Ability 

The results show that in solving problem number 1, the S-S1 still makes some errors, 

namely: the subject does not write down what is asked precisely and does not make a 

transformation first in search of answers. The subject immediately writes the solution 

without the calculation steps, and the written response is inappropriate. 

 

 

Figure 4. The result of subject S-S1 work on problem number 1 

Based on the results of the interview, the errors made by the subject increased in 

reading errors. It is because they are wrong in reading the problem that has been 

corrected and wrong in interpreting a word or sentence. 

P : “So what is the correct question being asked??” 

S-S1 : “Determine the result miss.” 

P : “Try to see your work, is it correct or not, that's what was asked in the 

question” 

S-S1 : “Yes miss I was wrong, I thought it was the same miss.” 

P : “If that is asked in terms of the result of the operation, how do you solve the 

problem??” 

S-S1 : “Calculated miss.” 

P : “What counts?” 

S-S1 : “It’s 42 x 33 x 6.” 
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P : “Here you know how, why don't you count your answers?” 

S-S1 : “Oh yes miss, it means i forgot.” 

Based on the figure of the work of S-S2 on problem number 2, the subject can 

understand the problem's purpose and all the information contained in the problem. 

However, the next step is transformation. The subject of S-S2 has done the calculation 

with the necessary formula, but the process is still incomplete. So it can be said that the 

subject experienced errors in transformation and process skills. Consequently, in writing 

the answer to the subject, S-S2 also experienced errors due to the incomplete quality 

process. 

 

 

 

Figure 5. The result of subject S-S2 work on problem number 2 

After seeing the interview results, It obtained information that the subject feels confused 

in working on the problem, so the subject does not solve it until it is finished to find the 

correct answer.  

P : “Then what makes you confused?” 

S-S2 : “How to solve it miss.” 

P : “That's your answer is already there.” 

S-S2 : “Yes there is miss, but I’m not sure.” 

P : “Means that next time you will try to do more questions, so that you understand 

very well how to do the questions.” 

S-S2 : “Yes miss.” 

The subject made an error starting at the transformation stage, namely in solving the 

problem the subject did not finish until he found the answer. The cause students make 

errors during the transformation stage because they do not understand the problem, so 

they cannot determine the operation used to solve the problem and do not know the 

formula or operation used (Murtiyasa & Wulandari, 2020). 

Based on the discussion above, it can be concluded that students with moderate category 

mathematical skills still make some errors in working on a word problem. Of the two 

subjects studied, generally in the category is making errors in the stage of 

transformation, process skill, and answer writing (encoding). However, one of the 

subjects’ errors in the five indicators of error in Newman's theory, namely adding errors 

in the reading stage and understanding the problem (comprehension). This is in line with 
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Yusuf & Fitriani's (2020) research, which states that students with mathematical skills 

do not understand the operation to solve problems, which means that students' errors lie 

in the understanding and transformation stages, where an error in the early stages will 

cause the following error. Students with moderate levels make errors in the form of 

misunderstanding the problem, which results in the incorrect use of the solution formula 

(Savitri & Yuliani, 2020). 

Errors Analysis of Students’ with a Low Level of Mathematics Ability 

Based on the image of the subject’s work S-R1 at number 1, it can be seen that the 

subject made a mistake from the initial stage to the final step, where subject R1 

experienced an error in reading the problem command to write down the known and 

asked experienced an error. Furthermore, in quality and problem-solving, the subject 

also experienced errors. 

 

 

 

Figure 6. The written work of S-R1 on problem number 1 

P : “I already told you about the error in that question. the problem is this, 

determine the values of 42 x 33 x 6.” 

S-R1 : “Yes miss” 

P : “So what is asked in the question?” 

S-R1 : “Simplifying the exponential expression miss?” 

P : “Come on, that's clearly an error in the question, so it determines the value of 

the exponential expression.” 

S-R1 : “I think it's the same miss.” 

P : “That’s different. How to solve it?” 

S-R1 : “I don’t know miss.” 

P : “why don’t you know?” 

S-R1 : “it’s hard miss.” 

Through interviews with the subject, S-R1 obtained information that the subject has 

difficulty interpreting a word or sentence in the question, has errors in mentioning what 

is asked about the question, and has difficulty solving the problem. This finding is in line 

with Laily's (2014) opinion that reading skills play a significant role in the general steps 

of how students can solve a math word problem. 
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Figure 7. The written work of S-R2 on problem number 1 

Based on the answer of subject S-R2 on question number 1 above, it can be known that 

the subject wrote what is known in the problem, but at the time of writing, the section 

asked the subject R2. There is still a slight error. The subject R2 wrote a question that 

has not been improved. The step of answering the subject question does not do the 

process, and the mathematical steps and answers written are also still not appropriate. 

P : “So what is the question asked?” 

S-R2 : “Form of a power that is simpler than 42 x 33 x 6 and determine the exponent 

value.” 

P : “After correcting the question, is that really what you asked?” 

S-R2 : “Uh I don’t know miss.” 

P : “what is being asked is the rank value. so how do you solve it?” 

S-R2 : “I don’t know miss.” 

P : “Why don't you know how to do it?” 

S-R2 : “Forget and it’s hard miss.” 

Based on the interview results, the subject does not correctly understand the information 

in the problem; the subject has difficulty working on it, so they cannot solve the problem 

asked. The subject also forgets a little and works on the original. 

Based on the figure of the work of the subject S-R2 at number three, it can be seen that 

the subject can explain and write precisely what is known and asked about the question, 

but when answering the subject question is still wrong in the transformation. The 

solution steps are also still lacking, so in this case also experiencing errors. As a result, 

writing the answer also still experienced errors. 

P : “Yes it’s true what is known and asked. Now how do you solve such a problem?” 

S-R2 : “Compared maybe?” 

P : “How come? What do you compare it to?” 

S-R2 : “I answered a bit earlier miss. Em is the sound of an airplane taking off 

compared to the sound of human conversation.” 

P : “What’s the next step?” 

S-R2 : “Don’t know miss.” 
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Figure 8. The written work of S-R2 on problem number 3 

Based on the interview results, subject S-R2 has difficulty understanding the chosen 

formula. The subject was writing the steps of the calculation, many errors occurred, and 

the results of the answers were not appropriate. Apriliawan et al. (2013) state that 

students with low mathematical abilities tend to experience errors in applying concepts, 

applying formulas, experiencing errors in determining problem-solving procedures, 

errors in arithmetic operations, and solving problems. Students experience errors in 

solving word problems because they are less careful, are in a hurry, are not used to 

writing complete answers, do not understand the material, and do not understand the 

problem (Sari & Rejeki, 2021).  

Thus, in solving the problem of the story of the material, students with low-category 

mathematical skills still make many errors in solving a problem. Murtiyasa et al. (2022) 

stated that in addition to students, undergraduate students also made many errors in 

solving math problems, one of which was in the interval estimation material in the 

statistics course. Based on the Newman theory stage, low-skilled subjects often 

experience errors in understanding the problem 

(comprehension), transformation, process skills, and writing answers (encoding). 

However, one of the subjects made a mistake at all five stages of Newman's theory by 

adding errors at the reading stage. 

Tabel 4. The Summary of Students’ Errors 

Subject 
Question Number 1 Question Number 2 Question Number 3 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Subject T1        √ √ √      

Subject T2   √ √ √           

Subject S1 √ √ √ √ √   √ √ √   √ √ √ 

Subject S2   √ √ √   √ √ √      

Subject R1 √ √ √ √ √   √ √ √   √ √ √ 

Subject R2  √ √ √ √   √ √ √   √ √ √ 
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Information: 

1 : Reading Errors 

2 : Comprehension Errors 

3 : Transformation Errors 

4 : Process Skill Errors 

5 : Encoding Errors 

CONCLUSION AND IMPLICATION 

Based on the results of the analysis, it can be concluded that the student's error in 

solving the word-context problem in exponential numbers topic based on Newman's 

theory and reviewed from the students' mathematical ability as follows: (1) student with 

high mathematical abilities in solving word-problem exponential number did not make 

errors in question number 3. However, S-T1 experienced errors in question number 2. 

The error began at the transformation error stage. In contrast, S-T2 experienced an 

error in question number 1, where the error started at the transformation stage, (2) 

students with moderate mathematical abilities made the same errors in question 

number 2, and the error started at the transformation error stage. However, S-S1 in 

question number 1 also made errors starting at the reading stage, and in question 

number 3 made errors starting at the transformation stage. 

Meanwhile, S-S2 also made an error in question number 1, where the error started at 

the transformation stage, (3) students with low mathematical ability in solving word-

problems exponential numbers make the same errors in questions 2 and 3, where the 

error begins at the transformation error stage. However, S-R1 in question number 1 

made an error starting at the reading stage. Meanwhile, S-R2 also made an error in 

question number 1, which started at the comprehension stage. 

This study describes students' errors using Newman's theory of high, medium, and low 

math ability categories. The error made by students also varies according to the skills of 

each student. Errors made by students can be used as a consideration for teachers in 

planning teaching and learning activities. This study's results can be known as the 

location of errors made by students in solving word problems. So that teachers can 

evaluate and innovate in the development of more precise learning and build 

mathematical concepts in students to minimize the occurrence of similar errors and 

improve their mathematical skills. 
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