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Many students experience difficulties when solving statistical problems, indicating the need for further 

research to address these issues. The purpose of this study is to identify the types of errors students make 

and the factors contributing to these errors. The error types in this study are analyzed using Newman's Error 

Analysis (NEA), which includes reading and decoding errors, comprehension errors, transformation errors, 

process skill errors, and encoding errors. This study employs a qualitative method with six ninth-grade 

students as research subjects. Data were collected through tests, interviews, and documentation. A 

purposive sampling technique was employed, and the data were analyzed using Miles and Huberman's data 

analysis model. The results show that students with low cognitive ability committed comprehension errors, 

while students with medium and high cognitive ability did not. Process skill errors and encoding errors 

occurred among students across all cognitive ability levels—high, medium, and low. The factors 

contributing to these errors include limited literacy skills, lack of student accuracy, and the influence of 

previous errors.  
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INTRODUCTION 

Statistics is an essential aspect of human life because data-related competencies 

play a significant role in supporting the ability to comprehend texts, solve mathematical 

problems, and draw scientific conclusions (Ezra Putranda Setiawan, 2021). However, 

statistics is considered one of the more challenging topics for students to learn (Wisesa et 

al., 2022), due to the large number of formulas involved and the fact that statistical 

problem-solving typically requires sequential and systematic procedures (Ramadhani & 

Putri, 2022). These factors contribute to students' incomplete understanding of problems 

related to statistical concepts (Sa'idah & Wijayanti, 2022). Mayani & Muhammad, (2022) 

also report that many students show low interest in learning statistics. 

Given that many students still experience difficulties in learning mathematics, it is 

essential for teachers to identify the types and sources of students' errors as a basis for 
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improving future instruction. Students who can identify their weaknesses at a 

fundamental level are more likely to respond correctly to tasks of higher complexity (Lian 

et al., 2022). Several previous studies have examined students' error profiles from various 

perspectives. Sulistyoningrum et al. (2021) investigated students' error profiles based on 

Newman's Error Analysis (NEA) in terms of learning styles.  (2024) explored students' 

errors using Polya's problem-solving framework in relation to students' readiness to 

receive instruction. Sari et al. (2021) examined students' error profiles based on NEA 

using purposive sampling, while Magdalena & Muslim, (2023) applied a saturated 

sampling technique (population sampling) to analyze students' errors through the NEA 

framework. Furthermore, Putri et al. (2024) analyzed students' error profiles based on 

Kastolan indicators in relation to mathematical ability. However, none of these studies 

have examined students' error profiles based on Newman's Error Analysis (NEA) in 

relation to students' cognitive abilities. 

Newman's Error Analysis (NEA) is a well-established and comprehensive 

framework for analyzing the errors made by students (Wardhani & Argaswari, 2022). 

Previous studies have demonstrated that NEA enables researchers to gain deeper insights 

into the various types of mistakes students commit, the underlying reasons for these 

errors, and how different factors may influence their occurrence (Kania et al., 2024). 

Therefore, the present study adopts NEA as an appropriate analytical framework because 

it allows for a detailed and systematic classification of students' errors. 

The novelty of this study lies in its examination of students' error profiles based on 

Newman's Error Analysis (NEA) in relation to their cognitive ability levels. The 

researcher aims to connect NEA with students' cognitive abilities because the common 

assumption that higher cognitive ability consistently corresponds to fewer errors has not 

been sufficiently supported by empirical evidence. During preliminary observations in 

the trial class, it was found that not all students with high cognitive ability achieved higher 

scores than those with medium or low cognitive ability. By linking NEA error categories 

with levels of cognitive ability, this study offers a more comprehensive analytical model. 

Teachers are able not only to identify the types of errors students make, but also to 

understand which cognitive processes are not being met. This contributes to advancing 

the study of diagnostic errors in mathematics education. 
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Based on the background described above, the objective of this study is to describe 

students' errors in solving statistical problems based on NEA across high, medium, and 

low cognitive ability groups, and to analyze the factors that contribute to these errors. It 

is expected that the findings of this research will contribute to advancing diagnostic error 

studies in mathematics education. 

 

METHODS  

The approach used in this study was qualitative. The data were obtained from six 

ninth-grade students of  Public Junior High School 4 Semarang, consisting of two students 

with high cognitive ability, two students with moderate cognitive ability, and two students 

with low cognitive ability. The study consisted of two subjects from each cognitive ability 

level. This decision was based on the use of source triangulation to ensure data validity, 

and having two subjects for each cognitive category was sufficient to allow the 

triangulation process to be carried out effectively. The students' cognitive abilities were 

categorized based on the results of a cognitive ability test, which referred to Bloom's 

Taxonomy. There were ten short-answer questions, each classified according to cognitive 

levels. Questions 1 and 2 measured the remembering level (C1), questions 3 and 4 

measured the understanding level (C2), questions 5 and 6 measured the applying level 

(C3), questions 7 and 8 measured the analyzing level (C4), while questions 9 and 10 

measured the evaluating (C5) and creating (C6) levels, respectively. The cognitive ability 

test items had been validated for both validity and reliability by university lecturers, 

subject teachers, and students from the pilot class. The categorization of cognitive 

abilities in this study was as follows: remembering (C1) and understanding (C2) were 

classified as low cognitive ability; applying (C3) and analyzing (C4) were classified as 

medium cognitive ability; and evaluating (C5) and creating (C6) were classified as high 

cognitive ability (Jimaa, 2011; Kusumaningpuri et al., 2022). The selection of research 

subjects employed the purposive sampling technique. According to Tajik et al. (2024), 

purposive sampling is a sampling technique in which data sources are intentionally 

selected based on their relevance to the research questions. The data collection techniques 

employed in this study included tests, interviews, and documentation. The students' 

problem-solving processes were analyzed based on Newman's Error Analysis (NEA) 

stages, with the observed error indicators presented in Table 1. 
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Table 1. Indicators of Errors Based on Newman's Error Analysis (NEA) 

Error Type Indicators  

Reading and 

decoding error 

1. The student is unable to read the words presented in the problem 

correctly (Mansur & Subanji, 2021). 

2. The student is not yet able to identify the information, keywords, 

symbols, or variables altogether (Rejeki & Sari, 2021).  

Comprehension 

error 

1. The student is not yet able to identify the information, keywords, 

symbols, or variables altogether (Rejeki & Sari, 2021). 

2. The student can record what is known and what is asked, but 

some important information is omitted (Mansur & Subanji, 

2021). 

Transformation 

error 

1. The student does not convert the problem into a mathematical 

model or does so inaccurately (Rejeki & Sari, 2021). 

2. The student makes errors in manipulating prerequisite elements 

(numbers) before applying the main formula in problem solving 

(Abu Mansor et al., 2021). 

3. The student fails to recall the formula required to solve the 

problem, leading them to create a new (and potentially incorrect) 

formula based on their own reasoning (Noutsara et al., 2021). 

Process skill 

error 

1. The student performs inaccurate calculations due to incorrect 

application of mathematical concepts or rules (Sulistyoningrum 

et al., 2021).  

2. The student can identify the appropriate operations or the correct 

order of operations required to solve the problem; however, they 

do not know the proper procedure to carry out these operations 

accurately (Mansur & Subanji, 2021). 

3. The student is careless during the calculation process (Mansur 

& Subanji, 2021). 

Encoding error 1. The student has completed the problem, but did not write a 

conclusion (Sulistyoningrum et al., 2021). 

2. The student makes an error in concluding the answer obtained 

(Abu Mansor et al., 2021). 

3. The student made an error in the previous problem-solving 

process, resulting in an incorrect final answer (Noutsara et al., 

2021). 

The data analysis technique employed in this study was the qualitative data analysis 

model developed by Miles & Huberman, which involves data collection, data reduction, 

data display, and conclusion drawing and verification. The data collection stage involved 

gathering the results of the cognitive ability test and problem-solving test, conducting 

interviews with the research subjects, and compiling research documentation. During the 

data reduction stage, the researcher categorized the data based on the students' cognitive 

ability levels. In the data presentation stage, the locations of students' errors were 

described in the form of narrative explanations outlining the processes they underwent 
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while completing the test instruments, based on the indicators of Newman's Error 

Analysis (NEA). The conclusion-drawing stage was carried out using both inductive and 

deductive reasoning, namely by formulating conclusions from the patterns identified in 

the data and comparing them with findings reported in previous studies (Chairunisa et al., 

2025). In qualitative research, the researcher serves as the main instrument, acting as the 

primary observer and reflector throughout the study. A collaborating teacher also assisted 

the researcher in conducting classroom observations. 

To ensure data validity, this study employed triangulation, which aims to verify the 

accuracy of data by comparing information obtained from different sources at various 

stages of the research process (Saadah et al., 2022). This study employed source 

triangulation by conducting interviews with two subjects representing each of the 

cognitive ability levels. The written test responses and interview results from the two 

subjects in each category were then compared and examined for consistency. If the 

comparison showed that the written responses and interview findings from both subjects 

were consistent, the data were deemed valid. 

 

RESULTS AND DISCUSSION  

Students' cognitive abilities were categorized based on the results of a cognitive ability 

test, which referred to Bloom's Taxonomy. From each cognitive ability level, two students 

were selected as research subjects. The selection of subjects was supported by students' 

daily assessment data as well as recommendations and input from the mathematics 

teacher. The selected research subjects are presented in Table 2. 

Table 2. Selected subject based on cognitive ability 

Cognitive Ability 
Subject's 

Number 

Subject's 

Code 

High  
1 HCA 1 

2 HCA 2 

Medium  
1 MCA 1 

2 MCA 2 

Low  
1 LCA 1 

2 LCA 2 
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Each subject was then asked to complete a problem-solving test, and the results of 

their answers were analyzed to identify the types of errors made using Newman's Error 

Analysis. 

Subject with high cognitive ability (HCA) 

The responses of the high cognitive ability students (HCA) were triangulated to examine 

the validity of the data obtained. The results of the triangulation for the HCA students' 

responses are presented in Table 3. 

Table 3. Triangulation for the HCA students' response  

Newman's Step HCA 1 HCA 2 

Reading and 

decoding error  

Subject HCA 1 did not write 

down the information presented 

in the problem; however, during 

the interview, the subject was 

able to convey the information 

provided in the question. 

Subject HCA 2 did not write 

down the information presented 

in the problem; however, during 

the interview, the subject was 

able to identify and point out the 

data presented in the question. 

Comprehension 

error 

Subject HCA 1 did not write 

down the information being 

asked in the problem; however, 

during the interview, the subject 

was able to convey the 

information requested in the 

question clearly.. 

Subject HCA 2 did not write 

down the information requested 

in the problem; however, during 

the interview, the subject 

demonstrated a clear 

understanding of the 

information being asked in the 

question. 

Transformation 

error  

Subject HCA 1 was able to 

understand the steps required to 

follow and the formulas needed 

to solve the problem. 

Subject HCA 2 understood the 

steps and formulas required to 

solve the problem. 

Process skill error Subject HCA 1 was able to 

answer the problem well; 

however, there was an error in 

the calculation. 

 

 

 

 

 

 

The number of children with 

below-average body weight in 

RW 1 and RW 4 should have 

been 9, but Subject HCA 1 

wrote the total as eight children. 

Subject HCA 2 was able to 

solve the problem correctly; 

however, the subject was less 

careful during the calculation 

process. 

 

 

 

 

 

 

The total number of children in 

RW 1 and RW 4 should be nine, 

but the subject wrote eight. 
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Encoding error  Because the answer obtained by 

Subject HCA 1 was incorrect, 

the conclusion they drew was 

also inaccurate. 

Subject: "My conclusion is as 

follows: for RW 1 the data are 

not normally distributed, and 

there are eight children with 

below-average body weight; … 

for RW 4 the data are not 

normal, and there are 8 

children; …" 

The response provided by 

Subject HCA 2 was incorrect, 

which resulted in an inaccurate 

conclusion. When asked about 

the number of children, the 

subject reported the following 

distribution: RW 1 = 8, RW 2 = 

3, RW 3 = 3, RW 4 = 8, and RW 

5 = 3. 

Based on the triangulation results presented in Table 3, it can be seen that the HCA 

(High Cognitive Ability) subjects made errors at the process skill and encoding stages. 

At the process skill stage, the subjects made mistakes in calculating the number of 

children whose body weight was below the average. This occurred due to the lack of 

carefulness demonstrated by the high-cognitive-ability subject (HCA) in completing the 

given problem. Since the obtained answer was incorrect, the conclusion drawn was 

consequently also inaccurate. This mistake in formulating the conclusion is categorized 

as an encoding error.  

This finding is consistent with Salim & Mahmudah (2021), Napsawati et al. (2023), 

and Bulan (2023), who stated that the highest percentage of student errors occurs at the 

process skill stage, with respective percentages of 58.33%, 26.67%, and 29%. Meanwhile, 

Suhaeti et al. (2021) reported that the most frequent student errors occurred at the 

encoding stage. Similarly, Fauzan et al. (2021) found that the highest proportion of errors 

occurred at the encoding stage (69.35%), followed by the process skill stage (67.74%). 

These findings are further supported by Ningtiyas et al. (2022), who reported that the 

majority of student errors occurred at the process skill and encoding stages, accounting 

for 16% of the total errors. 

Given that a lack of carefulness caused some of the students' errors, teachers need 

to provide systematic training to improve students' accuracy. One effective way to foster 

carefulness is by assigning non-routine problems, as such problems typically contain 

implicit information that students often overlook. Through repeated engagement with 

non-routine tasks, students are expected to develop greater attentiveness in reading and 

understanding mathematical problems. 
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Subject with medium cognitive ability (MCA) 

After the MCA subject completed the test, a triangulation of the MCA subject's responses 

was conducted. The triangulated results of the MCA subject's answers are presented in 

Table 4. 

Table 4. Triangulation for the MCA students' response 

Newman's Step  MCA 1 MCA 2 

Reading and 

decoding error  

Subject MCA 1 was able to 

accurately and correctly 

record the information 

presented in the problem. 

Subject MCA 2 was able to 

identify and accurately restate all 

the information presented in the 

problem. 

Comprehension 

error 

Subject MCA 1 was able to 

comprehend and accurately 

identify the information 

requested in the problem. 

Subject MCA 2 identified and 
stated all the information 
requested in the problem 
completely. 

Transformation 

error 

Subject MCA 1 was able to 

identify the necessary steps to 

be taken; however, the subject 

was less careful during the 

calculation process. 

 

 

 

 

 

 

 

 

In calculating the average for 

RW 4, it should have been 

11.6; however, the subject 

recorded it as 11.06. 

The subject MCA 2 can identify 

the steps and formulas that need 

to be used, but makes errors 

during the calculation process.. 

 

 

 

 

 

 

 

 

 

The averages for RW 3 and RW 4 
should have been 11.6; however, 
the subject recorded the average 
for RW 3 as 11.2 and for RW 4 as 
11.3. 

Process skill error Subject MCA 1 is aware of the 

steps that need to be taken but 

lacks precision in the 

calculation process. 

 

 

 

 

 

 

 

 

 

Subject MCA 2 understands the 

steps that need to be followed but 

makes errors during the 

calculation process. 

 

 

 

 

 

 

The number of children in RW 1 

and RW 4 should have been 9 

each; however, the subject 
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The number of children with 

below-average weight should 

have been 8, 3, and 8 for RW 

1, 3, and 4, respectively. 

However, subject MCA 1 

recorded the numbers as 5, 2, 

and 7. 

recorded 8 children for RW 1 and 

7 children for RW 4.. 

 

 

Encoding error Subject MCA 1 did not write a 

conclusion based on the 

answer obtained. 

Researcher: "Oh, I see. So, 

what is the conclusion from 

your answer?" 

Subject: "I don't know, sir." 

Subject MCA 2 did not write a 

conclusion based on the answer 

obtained. 

Researcher: "So, for your answer 

here, what is the conclusion?" 

Subject: "I don't know, sir." 

 

Based on the triangulation in Table 4, it can be observed that the MCA subjects 

made errors in the transformation, process skill, and encoding stages. At the 

transformation stage, the subjects made mistakes in calculating the average weight of the 

children. In contrast, at the process skill stage, they made errors in determining the 

number of children with below-average weight. A lack of carefulness caused the mistakes 

made by the subject in both stages during the calculation process. Since the answers 

obtained were incorrect, the conclusions drawn were also inaccurate. The errors made in 

drawing these conclusions fall into the category of encoding errors. 

This finding is consistent with Winarso et al. (2022), who stated that the highest 

number of student errors occurred at the encoding stage (7%), followed by the process 

skill stage (5%), and the transformation stage (3%). In addition, Salim & Mahmudah 

(2021) also reported that most student errors occurred at the process skill stage (58.33%), 

followed by the transformation and encoding stages, with 50.42% and 47.92%, 

respectively.  

Given that a lack of carefulness caused the subject's errors, teachers need to 

incorporate non-routine problems into instruction to improve students' attention to detail. 

Non-routine problems typically contain implicit information, which can help train 

students to be more meticulous when working through mathematical tasks. 
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Subject with low cognitive ability (LCA) 

Based on the responses of the LCA subjects, source triangulation was conducted to verify 

the validity and readiness of the obtained data for analysis. The results of the triangulation 

are presented in Table 5. 

Table 5. Triangulation for the LCA students' response 

Tahapan 

Newman 
LCA 1 LCA 2 

Reading and 

decoding error  

Subject LCA 1 did not write 

down the information presented 

in the question; however, 

during the interview, the subject 

was able to identify the 

information correctly. 

Subject LCA 2 did not write 

down the information presented 

in the question; however, 

during the interview, the subject 

was able to identify and clearly 

read the information presented 

in the question. 

Comprehension 

error 

Subject LCA 1 neither wrote 

down nor understood the 

information being asked in the 

question. 

Researcher: "Alright, let's 

continue. What is being asked in 

the question?" 

Subject: "The average." 

Researcher: "What else?" 

Subject: "That's all, sir." 

In fact, the question asked 

whether the data were normally 

distributed and how many 

children had below-average 

weight. 

Subject LCA 2 did not write 

down the information being 

asked in the question. During 

the interview, the subject was 

able to identify part of the 

information asked but not 

completely. 

Researcher: "So, what is being 

asked in the question?" 

Subject: "I’m not sure, sir.” 

Researcher: “Try reading the 

question again.” 

Subject: “Is the data from each 

posyandu normally 

distributed?” 

Researcher: “There you go… 

Why did you say you weren’t 

sure earlier?” 

Subject: “Because I hadn’t 

read this part yet, sir.” 

Transformation 

error 

Subject LCA 1 was able to 

apply the appropriate formula to 

solve the problem but lacked 

accuracy in the calculation 

process.. 

 

 

 

 

 

 

Subject LCA 2 was able to write 

and apply the formula used to 

solve the problem but was not 

careful in the calculation 

process. 
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The averages for RW 2 and RW 

3 should have been 8 and 11.6, 

respectively; however, subject 

LCA 1 recorded them as 28 and 

11.2. The averages for RW 4 

and RW 5 were not calculated 

by subject LCA 1. 

 

 

 

 

 

 

 

 

 

The average for RW 4 should 

have been 11.6; however, the 

subject recorded it as 11.9. 

Process skill error Subject LCA 1 did not 

categorize the data based on its 

distribution and did not 

calculate the number of children 

with below-average weight. 

Researcher: “Why didn’t you 

try to find out and calculate 

that?” 

Subject: “Because I thought the 

question only asked for the 

average, sir.” 

Subject LCA 2 did not 

categorize the data based on its 

distribution and did not 

calculate the number of 

children with below-average 

weight. 

Researcher: “Did you check 

which data were normally 

distributed and which were 

not?” 

Subject: “No, sir.” 

Researcher: “What about the 

number of children whose 

weight is below average?” 

Subject: “I didn’t do that 

either, sir. I thought we were 

only asked to find the 

average.” 

Encoding error  Subject LCA 1 did not write a 

conclusion because the answer 

obtained did not fully solve the 

problem. 

Subject LCA 2 did not write an 

answer because the problem in 

the question had not yet been 

solved. 

Based on the triangulation in Table 5, it can be seen that the LCA subjects made 

errors at the comprehension, transformation, process skill, and encoding stages. At the 

comprehension stage, the subjects were unable to understand the problem presented in 

the question. This is because the subject is not yet accustomed to solving mathematics 

problems presented in the form of word problems. At the transformation stage, they made 

errors in calculating the average weight of the children, because the subject demonstrated 
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insufficient accuracy during the calculation process. At the process skill stage, the 

subjects did not calculate the number of children with below-average weight, which was 

a consequence of the errors made at the comprehension stage. Since the answers obtained 

did not resolve the problem, the subjects were unable to draw a conclusion from their 

responses.  

This finding is consistent with Wardhani & Argaswari (2022) as well as Seng 

(2020), who stated that most student errors occur at the comprehension, transformation, 

process skill, and encoding stages. In addition, Nuryati et al. (2022) also reported that 

students frequently made errors at the comprehension, transformation, and encoding 

stages. Era Setiyawati et al. (2022) stated that one of the factors contributing to student 

errors is cognitive factors. This is supported by Setyawati & Saadah (2022), who reported 

that the higher a student’s cognitive abilities, the better they can meet indicators of 

mathematical connections; consequently, the number of errors made by students tends to 

be lower. 

Due to the errors made by the subject, teachers are advised to familiarize students 

with non-routine problems. In addition to containing implicit information, non-routine 

problems are often presented in the form of word problems, which can help students 

become accustomed to such formats and are expected to improve their accuracy. 

CONCLUSION 

Based on the study's results, it can be concluded that the most frequent errors made 

by students occurred at the process skill and encoding stages, while the fewest errors 

occurred at the reading and decoding stages. Students with high cognitive ability made 

errors in the process skill and encoding stages. Those with moderate cognitive ability 

made errors in the transformation, process skill, and encoding stages. In contrast, students 

with low cognitive ability made errors in the comprehension, transformation, process 

skill, and encoding stages. Given these errors, teachers should incorporate non-routine 

problems more frequently into instruction to help students become familiar with word-

problem formats and improve their accuracy. This study contributes to the development 

of theoretical and methodological approaches in error diagnosis by providing a detailed 

mapping of error types, sources of errors, and students’ cognitive processes. The 

analytical approach employed in this study may serve as a model for future research in 

designing more rigorous and evidence-based diagnostic strategies. 
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