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 This study aims to identify students’ errors in solving word problems of 

trigonometry according to the Newman Error Hierarchical Model. This study 

uses qualitative descriptive data gathered based on fact, and data analysis 

presented descriptively. The population is students of X IPA 2 at SMAN 1 
Cikarang Utara, West Java, Indonesia, and to understand more about the error 

that happened, the researcher took six students of SMAN 1 Cikarang Utara as 

a sample. The sample is chosen by purposive sampling. Instrument tests, 

interviews, and documentation are the data collected. This study used the 
Newman Error Hierarchical Model to analyze high school students’ errors in 

solving word problems of trigonometry. The results show that students made 

errors in comprehension, transformation, process skill, and encoding stage. 

The errors were caused by their lack of understanding some words and terms 
in the word problem, lack of ability in transforming the word problem to the 

mathematical model and strategy, lack of processing the algebra and 

calculation, lack of motivation, and carelessness. 
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1. INTRODUCTION 

Trigonometry is one of the topics that high school students learn when studying 

mathematics.  It is the study of integrating the relationship between sides and angles 

(Franklin, 2006). Furthermore, it covers the study of triangles, the relationships between 

their sides and angles, the functions of sine and cosine, tangent and cotangent, secant and 

cosecant (Walsh et al., 2017). Trigonometry is a critical topic in mathematics in order to 

prepare students for advanced mathematics, including calculus (Hidayat & Aripin, 2020; 

Hidayat & Riyana, 2021). Aside from its importance for advanced mathematics, 

trigonometry contributes to many applications in non-mathematical fields such as 
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architecture, civil engineering, cartography, geophysics and other advanced fields (Galarza, 

2017). Therefore, it is important for students to understand trigonometry well. However, 

students found it abstract and difficult compared to other mathematics subjects (Gur, 2009). 

It is because students have learning complexity in develop the understanding of subject 

matter content knowledge of trigonometry concept. Moreover, students have obstacles about 

trigonometry, especially when they are given word problems.  

According to Dewanto et al. (2017), word problems are mathematics problems that 

provide opportunities for students to support them linking the relationship between 

mathematics and real-life context. It is not only depends on students’ ability to perform the 

required mathematical operations, but also on the extent to which they are able to accurately 

understand the text of the word problem (Boonen et al., 2016). Students need to be able to 

solve word-problems because it is a crucial learning outcome and is considered an essential 

skill in mathematics (Cuevas, 2000). Moreover, word problem tasks can also be used to 

assess the level of comprehension to the mathematical concepts (Khoshaim, 2020). 

However, students consider solving word problems difficult (Fatmanissa & Sagara, 2017; 

Haryanti et al., 2019; Said & Tengah, 2021; Sanwidi, 2018). Moreover, it is shown that more 

than 50% of teachers in Indonesia complained about students’ difficulties in solving word 

problem (Fatmanissa et al., 2020; Fatmanissa & Sagara, 2017). 

A trigonometry word problem is a mathematical word problem related to 

trigonometry. When solving the word problem of trigonometry, students require to possess 

both trigonometry understanding and word problem solving skill (Arhin & Hokor, 2021; 

Hamzah et al., 2021; Mensah, 2017). For some cases, students also require doing multi-steps 

to solve the problem. Studies reported that solving a mathematical word problem with multi-

steps can create more error in obtaining the right answers (Dewanto et al., 2017). Moreover, 

the report of the National Examination result of High School of 2018 shows that there are 

only 33.05% of students in Indonesia, and 30.03% of students in West Java, who answer the 

right answer when solving the word problem of trigonometry (Arlinwibowo et al., 2021; 

Rosidin et al., 2019). Therefore, it is important to analyse high school students’ errors in 

solving the word problem of trigonometry.  

Error analysis is a method that is used to identify the cause of students’ errors when 

they make consistent mistakes by looking for the pattern of misunderstanding (Lai, 2012). 

Error analysis is important because it can be a powerful tool to diagnose learning difficulties 

and consequently direct remediation in mathematics (Borasi, 1987; Hasanah & Yulianti, 

2020). By analysing the errors, teachers can provide instruction targeted to the area of 

students’ needs. Several theories has been found to analyze the error made by students, one 

of the famous and detail theory is Newman Error Hierarchical Model.  

Based on Newman (1977), students’ errors involve five levels: 1) reading error, 

which is the error that students have when they are incomplete in reading the problem; 2) 

comprehension error, which is the error that students made in understanding and 

comprehending the problem; 3) transformation error, which is the error that students made 

when transforming the real problem given in the form of sentence to mathematical form and 

strategy; 4) process skill error, which is the error that students made in applying the strategy 

chosen to solve the problem; and 5) encoding error, which is the error that students made 

when they write the solution incompletely or wrong in giving the final conclusion. This 

framework is appropriate to be used in analysing students’ errors in solving word problems 

since Newman Error Analysis provided a framework for considering the reasons that 

underlay the difficulties students experienced with mathematical word problems and a 

process that is to be determined where misunderstanding occurred (Argaswari, 2016; White, 

2010). 
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Considering those problems and the urgency that mathematics education community 

need to improve students’ skills in connecting mathematics and real-life context especially 

in the topics of trigonometry, this research intended to analyse the high school students’ error 

of grade X in solving word problems of trigonometry based on the Newman Error 

Hierarchical Model. 

1.1. Research Question 

The research question to be answered by this research is what are errors made by 

high school students of Grade X in solving word problems of trigonometry based on the 

Newman Error Hierarchical Model? 

 

1.2. Research Objective 

The objective of this research is to identify students’ errors in solving word problems 

of trigonometry according to the Newman Error Hierarchical Model.  

 

1.3. Significance of Research 

This research has significance for teachers, university, and other researchers. For 

teachers, this research can be used as a reference to improve and diagnose learning 

difficulties especially students’ error and consequently direct remediation in the process of 

learning and teaching of mathematics. Moreover, this study can help teachers to design 

effective practice teaching strategies for the students in learning and solving the word 

problem of trigonometry. Not only that, this research has an important implication for 

teachers in developing the test and tasks in the classroom so that the students can improve 

their understanding and ability in learning trigonometry, especially in the type of 

trigonometry word problems. 

For other researches, this research will enrich the study and investigation of what 

error that high school students made when solving the word problem of trigonometry. This 

research can contribute as a reference for other researchers who conduct research in the same 

area of study. 

 
 

2. METHOD 

In order to address the objective of this study, a qualitative descriptive was used as 

the research method in this study. According to Lambert and Lambert (2012), qualitative 

descriptive methods provide more in-depth examination and understanding of individual 

learners through their experiences. Data gathered based on fact, and data analysis presented 

descriptively. In this case, researcher gather and analyze the error of individual learners made 

when solving the word problem of trigonometry in depth through their understanding, then 

present the data result descriptively. Qualitative descriptive gives a comprehensive 

summarization of specific events experienced by individuals or groups of individuals 

(Lambert & Lambert, 2012). Therefore, a qualitative descriptive is appropriate to be used in 

this study since this study aims to analyze the phenomenon of what errors that students made 

in solving word problems of trigonometry. 

There are several phases that are used in this study as the research procedure. Firstly, 

the researcher begins with the step of preliminary study. The preliminary study includes 

identifying the research problem, the research question, the objective or purpose of the study 

and the literature review. Research problem is the problem or issue that guides the need for 

conducting a study (Creswell, 2012). Based on the research problem chosen, the researcher 
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determines the objective and the research question addressed in the study. The research 

question of this study is: what are errors made by high school students in solving word 

problems of trigonometry based on the Newman Error Hierarchical Model? 

After identifying the preliminary study, the researcher develops the instruments to 

be used for collecting the data. The instruments to be used are instrument test and interview 

form. The instrument test should be validated by validators, while the interview form is not 

required to be validated since it was adopted from Newman Interview Procedure that has 

been translated to Bahasa Indonesia which the language that students used. After validating 

the instrument test, researchers collect the data which are test and personal interview. Before 

that, researchers determine the population that will be the target of this study, which is 10th 

grade students of SMAN 1 Cikarang Utara. 

In collecting the data, there are phases that the researcher conducts which are 

conducting the test and conducting the interview. Before conducting the test, researcher 

make appointments with the school to process the research letter from the university as the 

permission to conduct this study. After that, researcher interview the teacher about the 

students and class context in which topics they are going to learn in mathematics. Then, the 

researcher is allowed to conduct the research in one class. In conducting the test, researcher 

gives the instrument test to the students that consist of word problems of trigonometry. The 

test was conducted on March 8th 2021, and conducted through online meeting. After getting 

the test data, the researcher assesses students’ test and categorizes the student’s score (low, 

medium, high) in order to determine the sample to be interviewed. Then, the researcher 

conducts a personal interview to the sample of six students which are about 20% of the total 

students in a class, which are 2 students with lower score, 2 students with medium score, and 

2 students with higher score.  

The phase of collecting data interviews was conducted on a different day which is 

not far from the day of the test in order to avoid the unexpected event response of students 

such as forgetting about the questions, having low motivation to do the interview, etc. Before 

analyzing the data, researchers need to check whether the data have completed or not. If not 

complete, the researcher should do the iteration to the first step that is needed. If the data 

have completed, then the researcher continues to analyze the data. After getting the complete 

data collection, the researcher analyzes the data based on Newman Error Hierarchical Model. 

This has be done by calculating the points on which error on the stage of Newman’s whether 

it is on the reading, comprehension, transformation, process skill, or encoding error. Finally, 

the researcher draws the conclusion and suggestion and presents it to the research paper. The 

chart flow of research procedure is given in Figure 1.  
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Figure 1. Research procedure 
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2.1. Instrument and Data Collection Technique 

There are two kinds of data that will be used. There are questionnaires in the form of 

a worksheet about the word problem of trigonometry, and personal interviews that will help 

researchers to investigate types of students’ error deeply. The instrument test contains four 

questions that are constructed of triangle trigonometry subtopic.  

The personal interview aims to identify subject’s emotions, feelings, and opinions 

regarding the particular problem that showed in their worksheets. The main advantage of 

personal interview is the involvement of direct contact between interviewers and 

interviewees so that the interviewers are able to get accurate screening, capturing verbal and 

non-verbal responses. Some certain questions were prepared to guide the interview towards 

the objective of the research based on Newman (1977). 

The instrument test is validated, and the face validity will be applied. Face validity 

is the extent to which a test is subjectively viewed as covering the concept it purports to 

measure (Taherdoost, 2016). The worksheet / instrument test has been validated by three 

validators. The researcher takes validity from the experts who are stakeholder in 

mathematics and also mathematics teachers in school. 

 

2.2. Data Analysis 

The analysis of qualitative data used Miles and Huberman method (Miles et al., 

2018). This method consists of three stages: 1) data reduction, 2) data presentation, and 3) 

conclusion. The process of data reduction is based on the data result which includes the 

aspects that are not related with this research. Stage of data presentation, researcher will 

present data in the form of words, sentences, and tables. The researchers used a scoring scale 

adopted from Rohmah and Sutiarso (2018) to see the scores of students working on 

questions. This scoring scale is done by referring to the results of the five steps in solving 

the trigonometry problem. 

 
 

3. RESULTS AND DISCUSSION 

3.1. Results 

The Results should include the rationale or design of the experiments as well as the 

results of the experiments. Results can be presented in figures, tables, and text. The Results 

should include the rationale or design of the experiments as well as the results of the 

experiments. Results can be presented in figures, tables, and text.  

In order to see the overview students error of the population, the researcher collected 

the instrument data from 31 students grade X at SMAN 1 Cikarang Utara. The data 

instrument results of students’ error in solving trigonometry word problems are analysed 

using Newman Error Hierarchical Model. The summary of the data results is presented as 

the Table 1. 

Table 1. Summary of students’ error 

Indicators 
Problem 

Total (%) 
1 2 3 4 

Reading Errors 0 0 0 0 0 0 

Comprehension Errors 6 22 12 22 62 17.77 
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Indicators 
Problem 

Total (%) 
1 2 3 4 

Transformation Error 8 25 15 31 79 22.63 

Process Skill Errors 18 25 30 31 104 29.8 

Encoding Errors 18 25 30 31 104 29.8 

Total 50 97 87 115 349 100 

 

Table 1 shows a summary of the data results of students’ errors in solving word 

problems of trigonometry. Based on the Newman Error Hierarchical Model, there are five 

types of errors which are reading error, comprehension error, transformation error, process 

skill error, and encoding error. The percentage column shows the percentage of errors 

frequency for each type of error made, from the total number errors made by students. Based 

on the data, there are found 0% in the reading error, 17.77% in the comprehension error, 

22.63% in the transformation error, 29.8% in the process skill error, and 29.8% in the 

encoding error out of all students’ error. After that, six students from each level of low, 

medium and high are chosen and interviewed deeply to identify the students’ errors.  

The six students are the sample to be interviewed, and it has been discovered that 

there are some errors types students made in solving the word problem of trigonometry. 

Since the Newman Error Hierarchical Model classified errors based on the level of hierarchy, 

so the initial error made might cause the subsequent errors in the next level of errors. The 

coding result of error types that the subjects have in each problem can be seen on the Table 

2. 

Table 2. Matrix code of initial students’ error 

Subject 
Sine Cosine 

Tangent 

Elevation Depression 

1 2 3 4 

A7 
Transformation 

Error 

Transformation 

Error 

Comprehension 

Error 

Comprehension 

Error 

A21 
Transformation 

Error 

Transformation 

Error 

Comprehension 

Error 

Comprehension 

Error 

B4 
Transformation 

Error 
- 

Comprehension 

Error 

Comprehension 

Error 

B3 - 
Comprehension 

Error 
Process skill Error 

Comprehension 

Error 

C30 - - Process skill Error 
Comprehension 

Error 

C23 - - Process skill Error 
Comprehension 

Error 
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3.1.1. Comprehension Error 

All the samples experienced the comprehension error. The error happened when 

students worked on problems 2, 3, and 4. Students who have errors in comprehension are 

mostly caused by their lack of understanding and comprehending some words on the 

problem. Student A7 has an error in comprehending the problem. She writes the information 

given about what is known incompletely. She did not write and understand the angle of 

elevation which is the essential information component in the word problem. Not only that, 

she also did not comprehend the word “from the same ground height” which is the set-up 

component of the word problem. The set-up component gives the condition of the problem 

situation.  It gives the setting of the problem condition that the angle between the building 

and ground is 90 degrees (see Figure 2). Therefore, it caused her not to use the right triangle 

in solving this problem as shown in the picture. She also did not write the question asked. 

Because of that, she was also wrong in transforming the mathematical model. She drew the 

angle wrongly. 
 

 

Figure 2. Students’ comprehension error on problem 3 

 

Moreover, she did not understand the concept of trigonometry ratio in the right 

triangle. She said in the interview that the ratio of tangent is opposite over the hypotenuse. 

She also cannot decide the part of opposite and hypotenuse. Based on her understanding, she 

assumes that the hypotenuse is adjacent. This error causes the error on the process skill and 

gives the wrong answer. 

Student A21 has an error in comprehending the problem. In the written task, she 

writes the information given of what is known incompletely. She only wrote that the angles 

formed are 30 degrees and 60 degrees without any detailed explanation about what type of 

angles are given. She also did not understand the meaning of the angle of depression. It is 

shown in the written task that she drew the angle formed between the vessel’s view to tower 

and the horizontal line below the vessel (see Figure 3). In the interview, it is shown that her 

understanding about the angle of depression was wrong. Other sample students also 

experience the same typical error details. 
 

 

Figure 3. Students’ work on problem 4 
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3.1.2. Transformation Error 

It is found that the common transformation error is transforming the word problem 

into the visual mathematical representation. Students with lower scores have errors in 

determining the position of length of the kite’s string, the position of the objects given, and 

the appropriate angle position in the mathematical model. Not only that, some of them were 

also wrong in determining the strategy used in solving the problem. Moreover, they were 

still confused about the position of SOHCAHTOA, in which part the adjacent, opposite, and 

hypotenuse lead on the right triangle. It refers to the concept of triangle trigonometry. For 

students with medium scores, they made errors in positioning the length into the visual 

mathematics model. Even though they know the information component given and 

interview, they have difficulties in transforming it. For the students with higher scores, they 

have errors in transformation but not as the initial error. 

Student A21 has an error in transforming the problem into a mathematical model. In 

the written task and the interview, she knows that the given information is the length of the 

kite's string is 120 m, the angle formed is 60 degrees, and the asked question is to find the 

distance between the ground and the kite. However, she cannot transform the kite’s string 

into the model well. She assumes that the length is always transformed as the horizontal line. 

She said in the interview that the concept is similar to the concept of a rectangle in which  

the length of the rectangle is located as the horizontal line, while the width of the rectangle 

is located as the vertical line. It is not true that the length is always the horizontal line. 

Therefore, she has errors in transforming the mathematical model. As a consequence, she 

was wrong in deciding the strategy plan to solve the problem. She uses tangent instead of 

using the ratio of sine (see Figure 4). She also was wrong in the process skill and the 

encoding in solving the problem. Therefore, she has errors in transformation, 

comprehension, process skill, and encoding. 
 

 

Figure 4. Students’ work on problem 1 

 

3.1.3. Proces Skill Error 

Students who have errors in process skill commonly are caused by their lack of 

calculation and doing the algebra. Some students were wrong in finding the variable of asked 

questions in the algebra concept. Not only that, some of them are also wrong in deciding the 

value of the trigonometry ratio. 

Student B3 has errors in the process skill. After succeeding in reading, 

comprehension, and transformation; she failed to obtain the right ratio value of cos 30 

degrees. In the written task, she writes 𝑐𝑜𝑠 30° =  
√2

2
. The right ratio for cos 30° should be 

√3

2
 (see Figure 5). Because of that, the researcher interviewed the student to investigate this 

error. Based on the written instrument task and the interview, the student was wrong in 

obtaining the ratio number of cos 30°. It is because she forgot the value of trigonometry ratio 

even though the value of trigonometry ratio table was provided in the instrument. As a result, 
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she was also wrong in giving the final solution. Therefore, student B3 has errors in the 

process skill and encoding. 
 

 

Figure 5. Students’ work on problem 3 

 

3.1.4. Encoding Error 

As can be seen from Table 2, students made error in encoding not as the initial error, 

but as the consequence of the previous errors. It happens on subjects who has error in the 

previous stage of errors. It is found that mostly students did not write and make the 

conclusion for the problem solution. It is because they confused about the final solution since 

problem number 3 and 4 require multi-steps to be solved. As the consequence, students 

cannot decide the final solution, then cause the low motivation to finish the solution. 

 

3.2. Discussion 

The results show that the students made some errors in solving the word problem of 

trigonometry. The data result follows the Newman Error Hierarchical Model to analyse the 

errors. It shows that if students make errors in the first stage, the following stages will result 

in further errors. Based on the results, students of SMAN 1 Cikarang Utara have errors in 

comprehending the problem, transforming the problem into mathematical models and 

strategy, processing the operations, and encoding the solution when solving the word 

problem of trigonometry. Students have no reading errors in solving the problem. This 

finding is in line with the previous study of Usman and Hussaini (2017) and Fatmanissa and 

Sagara (2017) that high school students have no error in reading the problem. Both studies 

show there were no reading errors found since high school students have good reading skills. 

The students were able to read the information and mathematical symbols completely.  

Although the students were able to read the problem, they have errors in 

comprehending the mathematics word problem. It means that although they can read the 

problem completely, but they cannot understand the meaning of some words in the problem. 

All the six subject samples made initial errors in comprehending the problem. Most of them 

made errors in comprehending the angle of depression. It is because students are not familiar 

with those words in daily real life. They did not understand, for the students with low and 

medium scores, and have misunderstanding, for students with high scores, about the 

definition of depression angle so that it caused the error. Another error made by students 

with lower scores is they cannot interpret the key word in the information component of 

simple terms. According to Sumule et al. (2018), students have this error because they cannot 

understand and interpret key words in the problem. While for students with medium score, 

students do not read the questions carefully so that there is unreadable information that leads 

them to carelessness. It can be concluded that students made error in comprehending the set 

up and information component, which is not explained in the previous research (Dewanto et 

al., 2017) which is only explained that students have comprehension error because the 
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problem is too long without any explanation in which problem component that students made 

the error. 

Another error found in this research is the transformation error, where students were 

not able to transform the mathematical word problem into mathematical representation. It is 

found in student A7 where she was wrong in transforming and imagining the visual 

representation. It occurred because there is a difficulty of the students in recognizing and 

imagining the context in which a word problem is set, or their approach is altered by the 

context in which the word problem is given (Gooding, 2009). Not only that, there are 

students who have errors in transforming the mathematical word problem into mathematical 

strategy. They were wrong in determining the appropriate strategy in order to solve the 

problem. It is in line with Nanmumpuni and Retnawati (2021), that students were confused 

in choosing the right concepts of trigonometry to solve the problems. They were confused 

in deciding the trigonometry ratio that might be the strategy to solve the problem. It is 

because students have a lack of understanding the triangle trigonometry concept. They were 

confused in deciding which one is the opposite, adjacent, and hypotenuse. It is in line with 

the previous study that there are still many students who incorrect to determine ratio 

trigonometry (Erlisa & Prabawanto, 2019). 

Process skill error is the error that students make when they are not able to process 

the procedural and the computation in carrying out the problem after deciding the 

mathematical strategy. Students who have errors in process skill commonly are caused by 

their lack of calculation and doing the algebra. Some students were wrong in finding the 

variable of asked questions in the algebra concept. It occurred because students have a lack 

of ability in doing algebra, while algebra takes an important role to be connected in 

trigonometry (Demir & Heck, 2013; Hidayat & Aripin, 2020). For the calculation error, 

students were wrong in determining the value of trigonometry ratio and calculating the 

operation. It is caused by the carelessness and lack of focus resulting in less precision 

(Hidayat & Riyana, 2021; Kelly & Mousley, 2001).  

In the encoding stage, there are some students who did not write and make the 

conclusion for the problem solution. For example, student A7 made encoding errors in a 

problem that required multi-steps in attempting the solution. She was confused about the 

final solution so that she did not find the distance between two objects. This is related to 

(Dewanto et al., 2017) that problems requiring multi-steps will tend students to make errors. 

The fact that it can be solved by adding the result of the previous work that she has solved if 

she writes and comprehends what is asked. 

 
 

4. CONCLUSION 

The objective of this research is to identify students’ error in solving word problems 

of trigonometry according to Newman Error Hierarchical Model. The population of this 

research are 31 students of grade X IPA 2 SMAN 1 Cikarang Utara, and the sample are six 

students of grade X IPA 2. Based on the instrument test results and interviews, it can be 

concluded that high school students made errors in solving word problem of trigonometry 

which are: 1) The percentage of errors in comprehension stage is 17.77% where students 

made error in comprehending and understanding the problem; 2) The percentage of errors in 

transformation stage is 22.63% where students made error in transforming the real problem 

given in the form of sentence to mathematical form and strategy; 3) The percentage of errors 

in process skill stage is 29.8% where students made errors in applying the strategy chosen 

to solve the problem especially in doing the algebra and calculation; 4) The percentage of 
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errors in encoding stage is 29.8% where students made error when they write the solution 

incompletely or wrong in giving the final conclusion. 

Students who have errors in comprehension are mostly caused by their lack of 

understanding and comprehending some words and terms on the word problem. Mostly they 

have errors in comprehending the set up and the given information component which led 

them to make errors in comprehending the situation and essential information of the problem 

given. Then, students who have errors in transformation are caused by lack of ability in 

transforming the word problem to the mathematical model and strategy. Moreover, they are 

wrong in determining the strategy used in solving the problem. It is because they were still 

confused about the position of SOHCAHTOA, in which part the adjacent, opposite, and 

hypotenuse lead on the right triangle. It refers to the concept of triangle trigonometry. While, 

students who have errors in process skill commonly are caused by their lack of processing 

the algebra and calculation. Some students were wrong in finding the variable of asked 

questions in the algebra concept. Not only that, some of them are also wrong in deciding the 

value of the trigonometry ratio. Meanwhile, students who have errors in encoding are mostly 

caused by their lack of motivation in deciding and finishing the final solution. Some students 

are also made error caused by carelessness. 
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