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ABSTRACT 

Background: Functional thinking is essential for developing students’ 

algebraic reasoning, yet many students still experience difficulties in solving functional 

thinking tasks. Previous studies have examined newman error analysis and functional 

thinking separately; however, limited research has explored their relationship within 

the context of self-regulated learning. Objectives: This study aims to analyze students’ 

Newman error patterns in functional thinking tasks based on their levels of self-

regulated learning. Design: This study employed a descriptive qualitative design. 

Setting and Participants: The participants consisted of 21 eleventh-grade students 

from a senior high school in Riau, Indonesia, selected through purposive sampling. 

Data collection and analysis: Data were collected through functional thinking tasks, 

self-regulated learning questionnaires, and semi-structured interviews. The data were 

analyzed through data reduction, data display, and conclusion drawing. Results: The 

findings showed that students with high and moderate levels of self-regulated learning 

experienced comprehension, transformation, process skills, and encoding errors. 

Meanwhile, students with low levels self-regulated learning demonstrated all Newman 

error categories, including reading errors. Lower levels self-regulated learning was 

associated with more comprehensive difficulties in solving functional thinking tasks. 

Conclusions: Self-regulated learning influences students’ Newman error patterns in 

functional thinking tasks. The findings provide pedagogical implications for supporting 

students’ cognitive and metacognitive development in mathematics learning. 

Keywords: Newman error analysis, functional thinking, self-regulated 

learning, mathematical problem solving.  

Pensamento funcional e aprendizagem autorregulada: que erros cometem os 

alunos?  

RESUMO 

Enquadramento: O pensamento funcional desempenha um papel importante 

no desenvolvimento do raciocínio a’lgébrico dos estudantes, mas muitos ainda 

apresentam dificuldades na resolução de tarefas de pensamento funcional. Estudos 
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anteriores investigaram separadamente a análise de erros de Newman e o pensamento 

funcional; entretanto, ainda são limitadas as pesquisas que exploram a relação entre 

ambos no contexto da aprendizagem autorregulada. Objetivos: Este estudo tem como 

objetivo analisar os padrões de erros de Newman em tarefas de pensamento funcional 

com base nos níveis de aprendizagem autorregulada dos estudantes. Desenho: Este 

estudo utilizou uma abordagem qualitativa descritiva. Local e participantes: os 

participantes consistiram em 21 estudantes do 11.º ano de uma escola secundária em 

Riau, Indonésia, selecionados por amostragem intencional. Recolha e análise de dados: 

os dados foram coletados por meio de tarefas de pensamento funcional, questionários 

de aprendizagem autorregulada e entrevistas semiestruturadas. Os dados foram 

analisados por meio de redução de dados, apresentação dos dados e elaboração de 

conclusões. Resultados: Os resultados mostraram que estudantes com níveis altos e 

moderados de aprendizagem autorregulada apresentaram erros de compreensão, 

transformação, habilidades de processo e codificação. Enquanto isso, estudantes com 

baixos níveis de aprendizagem autorregulada demonstraram todas as categorias de 

erros de Newman, incluindo erros de leitura. Níveis mais baixos de aprendizagem 

autorregulada estiveram associados a dificuldades mais complexas na resolução de 

tarefas de pensamento funcional. Conclusões: A aprendizagem autorregulada 

influencia os padrões de erros de Newman dos estudantes em tarefas de pensamento 

funcional. Os resultados oferecem implicações pedagógicas para apoiar o 

desenvolvimento cognitivo e metacognitivo dos estudantes na aprendizagem da 

matemática. 

Palavras-chave: Análise de erros de Newman, pensamento funcional, 

aprendizagem autorregulada, resolução de problemas matemáticos 

INTRODUCTION 

Errors in mathematical problem-solving remain a major issue in 

mathematics education because they reflect students’ difficulties in reasoning, 

representation, and decision-making processes. Therefore, identifying the types 

and causes of students’ errors is essential for designing effective instructional 

interventions. One widely used framework for diagnosing students’ errors is 

Newman Error Analysis (NEA), which enables researchers and teachers to 

identify difficulties that occur during mathematical problem-solving processes 

(White, 2009). Previous studies have applied NEA to analyze students’ errors 

in mathematical literacy, Higher-Order Thinking Skills (HOTS), and general 

mathematical problem-solving tasks (Mansor et al., 2021; Kusmayadi et al., 

2022; Lubis et al., 2021; Nugraheni et al., 2021; Noutsara et al., 2021). 

However, most studies have focused primarily on procedural and conceptual 

errors without examining how students’ mathematical thinking processes 

contribute to these errors.  
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One important aspect closely related to students’ reasoning processes is 

functional thinking. Research on functional thinking has attracted increasing 

attention because of its important role in supporting students’ algebraic 

reasoning and advanced mathematical understanding. Previous studies have 

indicated that students were able to identify patterns, generalize relationships, 

and use various mathematical representations when solving functional 

problems (Oliveira et al., 2021; Stephens et al., 2017; Yuniati et al., 2019; 

Yuniati et al., 2022). Other studies also reported that students employed 

different strategies in constructing recursive, covariational, and correspondence 

relationships when solving functional tasks Tanisli (2011). Studies on the 

development and design of mathematics instruction and tasks have focused on 

enhancing students’ functional thinking abilities (Pang et al., 2022; Pang & 

Sunwoo, 2022; Deng et al., 2025). These efforts represent a comprehensive 

approach that integrates curriculum, teaching, assessment, and the analysis of 

student learning outcomes. Moreover, these studies provide empirical evidence 

that elementary school students can engage in more sophisticated mathematical 

thinking and reasoning when they receive consistent, well-structured, and 

sustained mathematics instruction. Nevertheless, studies investigating students’ 

functional thinking errors using the NEA framework remain limited, 

particularly at the senior high school level. 

In addition to cognitive aspects, affective and metacognitive factors also 

influence students’ mathematical problem-solving performance. One important 

factor is self-regulated learning, which has been reported to influence students’ 

learning strategies, persistence, and problem-solving performance in 

mathematics (Amiruddin et al., 2022; Biber, 2022; Cetin, 2022). Previous 

studies mainly examined self-regulated learning in relation to mathematical 

achievement and learning outcomes, whereas limited research has explored its 

relationship with students’ functional thinking errors. As a result, how students 

with different levels of self-regulated learning experience and produce errors 

during functional thinking processes remains unclear. 

Therefore, this study aims to analyze students’ Newman error patterns in 

functional thinking tasks based on their levels of self-regulated learning. This 

study is expected to contribute to mathematics education research by 

integrating error analysis, functional thinking, and self-regulated learning 

within a single framework, as well as offering suggestions for developing more 

effective mathematics instruction. Specifically, this article addresses the 

following research question: What types of newman errors do students make in 

functional thinking tasks based on their levels of self-regulated learning? 
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THEORETICAL ELEMENTS 

Functional Thinking 

Functional thinking refers to a representational reasoning process that 

emphasizes the relationship between two or more varying quantities. According 

to Martha Blanton and colleagues, functional thinking involves generalizing 

relationships between covarying quantities and expressing these relationships 

through different representations, such as natural language, algebraic symbols, 

tables, and graphs (Blanton et al., 2016; Blanton et al., 2015). Similar 

perspectives have also been reported in previous studies (Stephens et al., 2017; 

Yuniati et al., 2022). Furthermore, functional thinking supports the 

development of students’ reasoning abilities, which serve as essential 

foundations for learning calculus, advanced mathematics, and science. The 

framework of functional thinking comprises three primary components: 

recursive patterning, covariational relationships, and correspondence (Morales 

& Parra, 2022). For instance, in a problem involving the ages of Álvaro and 

Carmen, where Carmen is five years older than Álvaro, the relationship can be 

represented by the function𝑓(𝑥) = 𝑥 + 5 (Morales et al., 2018). According to 

Tanisli (2011), functional thinking provides several benefits for mathematics 

learning. First, it helps students understand algebraic concepts and the concept 

of functions more effectively. Second, it offers an alternative way of thinking 

that enables students to generalize relationships between varying quantities. 

Third, functional thinking contributes to the development of students’ 

reasoning abilities. Finally, it equips students with fundamental competencies 

needed to support success in learning calculus, advanced mathematics, and 

science. 

Newman Error Analysis (NEA) 

The Newman Error Analysis (NEA) framework can be used by teachers 

to identify students’ difficulties in solving mathematical problems that may 

result in incorrect answers (Dewantara et al., 2024; Sari et al., 2023). NEA 

categorizes students’ errors into five stages. First, the reading stage refers to 

students’ ability to correctly read mathematical questions, symbols, and 

notations. Second, the comprehension stage involves students’ understanding 

of a problem, including identifying known information and determining what 

is being asked. Third, the transformation stage focuses on students’ ability to 

select and formulate appropriate strategies, formulas, or mathematical models 

to solve the problem. Fourth, the process skills stage concerns the accurate 

execution of mathematical procedures and calculations. Finally, the encoding 

stage relates to students’ ability to present the final answer correctly (Sari et al., 
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2023). The application of NEA offers several benefits for teachers, such as 

classifying students’ errors into distinct categories, identifying factors that 

contribute to problem-solving difficulties, developing effective instructional 

interventions, designing learning materials and assessment tasks that align with 

students’ abilities, and serving as an evaluation tool for measuring classroom 

learning outcomes (Sundayana et al., 2023; Astuik & Purwasih, 2023). 

Self-Regulated Learning (SRL) 

Self-regulated learning refers to students’ ability to manage and control 

their own learning processes, including cognitive, motivational, and behavioral 

aspects in achieving learning goals (El-adl & Alkharusi, 2020). In mathematics 

learning, self-regulated learning plays an important role because it helps 

students plan learning strategies, monitor their understanding, and evaluate 

learning outcomes. According to (Khiat, 2022), students with high levels of 

self-regulated learning tend to be more disciplined, capable of managing study 

time effectively, and highly motivated in complete mathematical tasks. In 

contrast, students with low SRL often experience difficulties in maintaining 

focus and solving mathematical problems effectively. Self-regulated learning is 

influenced by several factors, including individual, behavioral, and 

environmental factors (Cetin, 2022; Ma & Guo, 2023). Several studies have 

shown that self-regulated learning has a positive relationship with various 

learning approaches, such as inquiry-based learning, problem-based learning, 

and project-based learning (Amiruddin et al., 2022; Ortega-Ruiperez, 2023). In 

mathematics education, self-regulated learning supports the development of 

students’ thinking skills, problem-solving abilities, and learning independence. 

Therefore, self-regulated learning is considered an important factor in 

supporting students’ success in understanding mathematical concepts and 

completing mathematical tasks effectively. 

Integrating Functional Thinking, NEA, Self-regulated Learning 

Functional thinking, Newman Error Analysis (NEA), and self-regulated 

learning are interrelated concepts that support students’ mathematical 

understanding and problem-solving abilities. Functional thinking emphasizes 

students’ ability to identify patterns, recognize relationships between varying 

quantities, and represent mathematical ideas through symbols, tables, graphs, 

or algebraic expressions(Blanton et al., 2016; Stephens et al., 2017; Blanton et 

al., 2015). According to Tanisli (2011), functional thinking helps students 

understand algebraic concepts, generalize relationships between quantities, 

develop reasoning abilities, and build foundational competencies needed for 

advanced mathematics and science learning. In solving functional thinking 
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tasks, students often experience difficulties during the problem-solving process. 

Therefore, Newman Error Analysis (NEA) can be used to systematically 

identify students’ errors through five stages: reading, comprehension, 

transformation, process skills, and encoding (Sari et al., 2023). NEA assists 

teachers in classifying students’ errors, identifying the causes of difficulties, 

and designing appropriate instructional interventions (Sundayana et al., 2023; 

Astuik & Purwasih, 2023). Through NEA, teachers are able to analyze how 

students process mathematical information and determine the stages at which 

errors frequently occur in functional thinking tasks. 

The occurrence of errors in functional thinking tasks is also closely 

related to students’ self-regulated learning. Self-regulated learning refers to 

students’ ability to monitor, regulate, and control their cognition, motivation, 

and behavior during the learning process (El-adl & Alkharusi, 2020; Khiat, 

2022; Mahuda et al., 2022). Students with high levels of self-regulated learning 

tend to be more capable of planning learning strategies, maintaining focus, 

evaluating solutions, and managing difficulties when solving mathematical 

problems. Conversely, students with low levels of self-regulated learning often 

experience challenges in understanding problems, selecting appropriate 

strategies, and accurately completing mathematical procedures. In addition, 

self-regulated learning is influenced by individual, behavioral, and 

environmental factors (Cetin, 2022; Ma & Guo, 2023), and has a positive 

relationship with several student-centered learning approaches, such as inquiry-

based learning, project-based learning, and problem-based learning 

(Amiruddin et al., 2022; Ortega-Ruiperez, 2023). Therefore, the integration of 

functional thinking, NEA, and self-regulated learning provides a 

comprehensive framework for analyzing students’ mathematical problem-

solving processes. Functional thinking focuses on students’ reasoning and 

generalization abilities, NEA identifies the types of errors made during problem 

solving, and self-regulated learning explains how students regulate their 

learning processes when solving mathematical tasks. Through this integration, 

teachers can better understand students’ difficulties and develop more effective 

instructional strategies to improve students’ mathematical reasoning and 

problem-solving abilities. 

METHODOLOGY 

This study employed a descriptive qualitative research design. The 

participants consisted of 21 eleventh-grade students from a senior high school 

in Riau, Indonesia. Data were collected through questionnaires, tests, and 

interviews. The questionnaires were administered at the beginning of the study 
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to categorize students’ levels of self-regulated learning (SRL) into high, 

moderate, and low categories. Furthermore, tests were conducted to identify 

errors made in solving functional thinking tasks. Semi-structured interviews 

were also conducted with students who provided incorrect answers to obtain 

more in-depth information regarding the Newman errors they made while 

solving the tasks. 

Research Participants 

The 21 students were classified into three categories based on the results 

of the questionnaires, tests, and interviews, as presented in Table 1. 

Table 1 

Subject Selection Process  

Questionnaires 

and Tests 

SRL 

Category 

SRL and Test 

Results 
Interview 

Research 

Subject 

21 Students 3 in the 

low 

category  

14 in the 

moderate 

category 

4 in the 

high 

category  

 Low SRL 

Correct: -  

Wrong: 3 

 Moderate SRL 

Correct: 7  

Wrong: 7  

 High SRL 

Correct: - 

Wrong: 4  

14 

answered 

incorrectly 

1 low SRL 

student 

1 moderate 

SRL student 

1 high SRL 

student 

Data Collection Method 

Qualitative data were collected using the instruments employed in this 

study and were subsequently analyzed inductively to understand meanings and 

unique characteristics, construct phenomena, and test hypotheses (Creswell, 

2012). The questionnaire consisted of a set of written questions and statements 

to be answered by the respondents and was administered to students at the 

beginning of the study to determine their levels of self-regulated learning, 

which were categorized as high, moderate, or low. Meanwhile, the test was used 

to identify errors made by students in solving functional thinking tasks using 

the answer sheet format presented in Figure 1. Interviews were also conducted 

through a series of questions asked directly to the respondents. All students who 

provided incorrect answers were interviewed individually to obtain more in-

depth information regarding the Newman errors they made while solving the 
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tasks. Furthermore, the instruments were validated by three experts: a 

mathematics expert, a mathematics education expert, and a mathematics teacher. 

Figure 1 

Question form 

 

Data Analysis 

Data were analyzed using the model proposed by Miles and Huberman 

(1994), which involves data reduction, data display, and conclusion drawing. 

The data reduction process focused on summarizing and selecting the main and 

important points from the raw data. The first stage involved reviewing the 

responses to the 30 items in the self-regulated learning (SRL) questionnaire 

completed by the 21 students. Scores were assigned to each item according to 

the assessment guidelines, and the students were subsequently classified into 

the three categories: high, moderate, and low SRL. The second stage involved 

examining students’ answer sheets for the functional thinking task, which 

consisted of one open-ended question, with particular attention given to 

incorrect responses. The third stage involved conducting interviews with 

students who provided incorrect answers. Subsequently, one student from each 

SRL category (high, moderate, and low) was selected based on the criteria of 

having the highest number of Newman errors and demonstrating the ability to 

communicate and cooperate effectively during the interview process. Thus, 

three research participants were selected to represent the overall data. 

Following data reduction, the data were organized and presented to facilitate 

the drawing of appropriate conclusions. The data consisted of the results of the 
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SRL questionnaire, students’ answer sheets, and interview transcripts. The final 

stage involved drawing conclusions based on the overall findings of the 

analysis using a descriptive approach. Data obtained from qualitative research 

need to be validated to ensure the trustworthiness of the findings (Creswell, 

2012). In this study, validation was conducted through triangulation by 

collecting data using multiple instruments. Specifically, the data obtained from 

the participants were further confirmed through interviews to identify the 

causes of the errors made while solving the functional thinking task. 

RESULTS AND ANALYSES 

The analyzed data were used to classify students according to the types 

of Newman errors they exhibited. The results showed that three students were 

categorized as having low levels of self-regulated learning (SRL), seven 

students as having moderate levels, and four students as having high levels. 

However, students within each category demonstrated similar answer patterns. 

Therefore, one representative student was selected from each category, namely 

ODA, DS, and CRA, respectively. The data obtained from these students are 

presented as follows. 

ODA WITH LOW SRL 

ODA was unable to solve the problem correctly and made errors in 

identifying the recursive pattern. This was evident from the answer sheet 

presented in Figure 2 and was further supported by the interview excerpt below. 

Figure 2 

ODA’s Responses to the Recursive Pattern Task 

 

R : Please tell me again, what is the problem presented in 

the question? 

ODA : It is about the difference in the number of trees, right? 

R : State the information that is given in the question. 

ODA : The patterns are formed in different shapes. 

R : Explain how you determined the pattern presented in 

the question. 

ODA : Because there are different colors and shapes. I 

noticed that there are three colors and different shapes. 
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R : Tell me again, what is the problem in the question? 

ODA : The difference in the number of trees, right? 

R : State what information you know in the question! 

ODA : The patterns formed are in different shapes. 

R : Explain how you determine the pattern formed from 

the questions! 

ODA : Because there are different colors and shapes too, I 

see there are three colors and different shapes. 

ODA exhibited a reading error because, although the student was able 

to read the questions clearly, ODA was unable to identify the problem and the 

information presented in the questions. In addition, ODA also exhibited a 

comprehension error because the student did not understand the instructions 

provided in the questions, resulting in an incorrect solution. 

In determining the covariational relationship, ODA also made errors in 

solving the given problem. This was evidenced by ODA’s worksheet, as 

presented in Figure 3, and further supported by the following interview excerpt. 

Figure 3  

ODA’s Responses to the Covariational Relationship Task 

 

R : Please explain and show the changes in the 

relationship between the number of years and the amount of 

tree growth. 

ODA : I can see that there were 3 trees in the first year, 4 

trees in the second year, and 5 trees in the third year, which 

shows that the number of trees increased each year. 

In this case, ODA exhibited a reading error because, although the 

student was able to read the questions clearly, ODA was unable to identify the 

problem and the information presented in the questions. ODA also exhibited a 

comprehension error because the student did not understand the instructions 

provided in the questions, resulting in an incorrect solution. 
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ODA also made errors in determining correspondence relationships. This 

was evidenced by the student’s worksheet, as presented in Figure 4, and was 

further supported by the following interview excerpt. 

Figure 4 

ODA’s Responses to the Correspondence Relationship Task 

 

R : Please explain and show how you obtained that 

answer. 

ODA : For example, the value was 100 in the first year. Then, 

I used the initial value, the value in the second year, and the 

final value to determine the growth rate using the formula (230 

− 120) / 50 × 100. Therefore, the final answer is 200. 

R : What is the general formula used in this problem? 

ODA : The final value minus the initial value, multiplied by 

100, Ma’am. 

R : So, what is the conclusion of the problem above? 

ODA : By using the formula, the final result is 220. 

R : Tell and show how you got that answer! 

ODA : For example, the value is 100 in the first year, then 

the initial value, the second year value, the year of work, and 

the final value were used to determine the growth rate as = 

(230-120)/50×100. Therefore, the final answer is 200. 

R : What is the general form of the question? 

ODA : Final value-initial value multiplied by 100, Ma’am. 

R : So, what is the conclusion from the problem above? 

ODA : By using the formula, the final result is 220. 

Thus, ODA made reading errors by failing to read the question carefully. 

Comprehension errors were also identified, as the student did not fully 

understand the instructions given in the problem. In addition, transformation 

errors occurred when the student designed an inappropriate solution strategy. 

Processing skill errors were evident during the execution of the transformation 
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process, which resulted in incorrect answers. Furthermore, encoding errors 

were observed because the solution method applied was incorrect from the 

outset and no final conclusion was provided. Therefore, the errors made by the 

student in solving functional thinking problems at a low level of self-regulated 

learning (SRL) are summarized in Diagram 1. 

Diagram 1 

Errors Made by Students with Low Self-Regulated Learning (SRL) in Solving 

Functional Thinking Problems. 

 

DS with Moderate SRL 

DS was unable to solve the problem correctly and exhibited errors in 

identifying the recursive pattern. Evidence of these errors can be observed in 

the student's response shown in Figure 5 and in the interview excerpts. 

Figure 5 

DS’s Responses to the Recursive Pattern Task 

 

R : Tell me again, what is being asked in the problem? 
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DS : The problem asks us to determine the changes that 

occur from year to year based on the tree data. 

R : What information is provided in the problem? 

DS : The information provided is related to the number of 

pine trees. 

R : Explain how you determined the pattern presented in 

the problem. 

DS : I concluded that the pattern is an infinite geometric 

series because the number appears to increase every year. 

The student's written responses and interview data indicated that DS 

made comprehension errors due to a failure to fully understand the instructions 

provided in the problem. Furthermore, DS was unable to identify the 

covariational relationship, as evidenced by the responses presented in Figure 6 

and supported by the following interview excerpt. 

Figure 6 

DS’s Responses to the Covariational Relationship Task 

 

R : Explain and demonstrate the changes in the 

relationship between the number of years and the amount of 

tree growth. 

DS : Based on the number of years shown, the tree grows 

over time. At first, the tree has three leaves and two branches, 

and then the number of leaves and branches appears to increase 

each year. 

DS exhibited comprehension errors, as evidenced by an incomplete 

understanding of the problem instructions, which led to an incorrect solution. 

Furthermore, DS made errors in determining the correspondence relationship, 

as demonstrated in the written responses presented in Figure 7 and corroborated 

by the following interview excerpt. 
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Figure 7  

DS’s Responses to the Correspondence Relationship Task 

 

R : Explain and demonstrate how you obtained your 

answer. 

DS : There are two components in the figure: stems and 

leaves. I represented the stems by (y) and the leaves by (x). 

From the first-year figure, I obtained (3x + 2y), from the 

second-year figure (4x + 3y), and from the third-year figure (5x 

+ 4y). 

R : What is the general form of the pattern? 

DS : I represented the leaves (triangles) as (x) and the 

stems (squares) as (y). 

R : What conclusion can you draw from the problem? 

DS : The conclusion is that the value of (n) can be 

determined using (x) and (y). 

DS was unable to solve the problems correctly and exhibited 

comprehension errors due to a failure to fully understand the instructions 

provided in the questions. The student also demonstrated transformation errors 

by employing inappropriate solution strategies. In addition, processing skill 

errors were identified, as DS lacked the procedural knowledge necessary to 

carry out the solution process correctly. Furthermore, encoding errors were 

evident because the solution method was incorrect from the outset and no valid 

conclusion was provided. Overall, the errors made by students with moderate 

levels of self-regulated learning (SRL) in solving functional thinking problems 

are summarized in Diagram 2. 
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Diagram. 2 

Errors Made by Students with Moderate Self-Regulated Learning (SRL) in 

Solving Functional Thinking Problems. 

 

CRA with High SRL 

CRA was unable to solve the problem correctly and demonstrated errors 

in identifying the recursive pattern. These errors were evident in the student's 

written responses presented in Figure 8 and were further supported by the 

following interview excerpt. 

Figure 8 

CRA’s Responses to the Recursive Pattern Task 

 

R : Tell me again, what is being asked in the problem? 

CRA : The problem is about the growth of pine trees from 

year to year. 

R : What information is provided in the problem? 

CRA : The information provided is shown in the figure, 

where the number of pine tree components increases each year. 
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R : Explain how you determined the pattern presented in 

the problem. 

CRA : I identified the pattern by observing the number of 

geometric shapes in each year. There are five shapes in the first 

year, seven in the second year, and nine in the third year. 

Therefore, I concluded that the pattern formed in the figure is 

an odd-number pattern. 

CRA exhibited comprehension errors, as evidenced by an inadequate 

understanding of the instructions provided in the problem. In addition, the 

student experienced difficulties in identifying the covariational relationship. 

These difficulties were evident in the written responses presented in Figure 9 

and were further supported by the following interview excerpt. 

Figure 9  

CRA’s Responses to the Covariational Relationship Task 

 

R : Explain and demonstrate the changes in the 

relationship between the number of years and the amount of 

tree growth. 

CRA : The growth appears to be consistent from year to year. 

For example, the number of triangles increases from three in 

the first year to four in the second year. 

CRA exhibited comprehension errors, as evidenced by an incomplete 

understanding of the problem requirements, which resulted in an incorrect 

solution. Furthermore, CRA experienced difficulties in determining the 

correspondence relationship. These difficulties were evident in the written 

responses presented in Figure 10 and were further supported by the following 

interview excerpt. 
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Figure 10  

CRA’s Responses to the Correspondence Relationship Task 

 

R : Explain and demonstrate how you obtained your 

answer. 

CRA : I used symbols to represent the shapes in the figure, 

where (x) represents a triangle and (y) represents a square. 

Based on this representation, the first-year figure consists of 

three triangles and two squares, which can be expressed as (3x 

+ 2y). Similarly, the second-year figure can be expressed as (4x 

+ 3y), and the third-year figure as (5x + 4y). 

R : What is the general form of the pattern? 

CRA : Based on the values of (x) and (y), I concluded that 

the general form is (n = x + y). 

R : What conclusion can you draw from the problem? 

CRA : I concluded that the general form (n = x + y) can be 

used to determine the value for each year. Thus, the first year 

is represented by (3x + 2y), the second year by (4x + 3y), and 

the third year by (5x + 4y). 

In conclusion, CRA exhibited comprehension errors due to an inadequate 

understanding of the instructions provided in the problem. The student also 

demonstrated transformation errors by employing inappropriate strategies to 

solve the problem. Furthermore, processing skill errors were identified during 

the execution of the solution process, which resulted in incorrect answers. In 

addition, encoding errors were evident because the solution method was 

inappropriate from the outset and no valid conclusion was provided. Overall, 

the types of errors exhibited by students with high levels of self-regulated 

learning (SRL) in solving functional thinking problems are summarized in 

Diagram 3. 
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Diagram 3 

Errors Made by Students with High Self-Regulated Learning (SRL) in Solving 

Functional Thinking Problems. 

 

The results showed that students exhibited different types of Newman 

errors when solving functional thinking problems within the three frameworks 

of recursive patterns, covariational relationships, and correspondence 

correspondence (Yuniati et al., 2022; Yuniati et al., 2020). The recursive pattern 

framework focuses on analyzing variations in a sequence of values to identify 

the underlying pattern (Pinto & Canadas, 2012; Blanton et al., 2016).  In this 

study, recursive patterns were identified inductively using the formula 𝑏 =
𝑈𝑛 − 𝑈(𝑛−1), where (b) represents the difference between consecutive terms, 

𝑈𝑛 is the nth term, and 𝑈(𝑛−1) is the preceding term. The findings indicated that 

students with high and moderate levels of self-regulated learning (SRL) did not 

exhibit reading errors, as they were able to read the questions accurately and 

identify the information provided. However, these students demonstrated 

comprehension errors because they were unable to fully understand the 

problem requirements despite correctly reading the questions (Agustiani, 2021; 

Lubis et al., 2021; Nuryati et al., 2022). In contrast, students with low SRL 

exhibited both reading and comprehension errors due to difficulties in 

understanding the problems, identifying relevant information, and interpreting 

the instructions. Reading errors were associated with an inability to recognize 

symbols, words, or essential information required to solve the problems 

appropriately. This finding is consistent with those of (Mahuda et al., 2022; 



 

19 Acta Sci. (Canoas), 28(3), 1-27, Jul./Set. 2026  

Sutama & Indriyani, 2021; Trapsilasiwi et al., 2021), who reported that reading 

errors occur when students fail to recognize written words or symbols, resulting 

in incorrect solutions. Comprehension errors were also attributed to students’ 

misconceptions regarding the meaning of the problems, which prevented them 

from proceeding to the correct solution stage. This finding supports the results 

of (Noutsara et al., 2021), who found that comprehension errors occur when 

students are unable to understand a problem or translate it into appropriate 

mathematical representations. 

A covariational relationship refers to the simultaneous change between 

two quantities within a pattern or sequence (Wilkie, 2014). (Blanton et al., 2016) 

further explained that covariational reasoning involves coordinating changes in 

two or more quantities, particularly independent and dependent variables. The 

results showed that students with high and moderate SRL did not exhibit 

reading errors when identifying covariational relationships because they were 

able to read and understand the information presented in the problems. 

Nevertheless, comprehension errors were observed due to difficulties in 

interpreting the instructions. This finding is consistent with previous studies 

(Agustiani, 2021; Lubis et al., 2021; Nuryati et al., 2022), which reported that 

comprehension errors occur when students struggle to understand what is being 

asked, despite being able to read the problem correctly. Meanwhile, students 

with low SRL exhibited reading errors because they were unable to read the 

questions carefully and identify the relevant information. They also 

demonstrated comprehension errors due to difficulties in understanding the 

instructions. According to (Noutsara et al., 2021; Sutama & Indriyani, 2021), 

reading errors are commonly associated with students’ inability to interpret the 

meaning of words or symbols, understand complete information, and determine 

what is required by the problem. 

Correspondence refers to the generalization of relationships between 

quantities and was primarily represented by students through algebraic and 

symbolic forms. This finding is consistent with (Yuniati et al., 2019), who 

reported that students often generalize quantitative relationships using 

algebraic formulas introduced during classroom instruction. Similarly, (Blanton 

et al., 2015) found that symbolic representations are commonly used to express 

generalized relationships. Other studies (Blanton et al., 2015; MacGregor & 

Stacey, 1995) have also reported the use of verbal representations for the same 

purpose. The findings revealed that students with high and moderate SRL 

demonstrated comprehension errors due to difficulties in understanding the 

instructions provided in the problems. Furthermore, transformation errors 

occurred when students applied inappropriate strategies to develop solutions. 
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Processing skill errors were also identified because students were unable to 

carry out the solution procedures correctly. In addition, encoding errors were 

evident when students used inappropriate methods from the outset and failed to 

provide valid conclusions. These findings are consistent with those reported by 

(Wardhani & Argaswari, 2022), who identified comprehension, transformation, 

processing skill, and encoding errors in students’ solutions to trigonometric 

word problems. 

Meanwhile, students with low SRL exhibited reading errors due to 

difficulties in reading the questions accurately and identifying the relevant 

information. They also demonstrated comprehension errors because they were 

unable to understand the problem instructions. Furthermore, transformation 

errors occurred when students selected inappropriate methods for solving the 

problems. Processing skill errors emerged during the execution of the solution 

procedures, while encoding errors were reflected in the use of inappropriate 

methods and the failure to provide conclusions. These findings are consistent 

with those reported by of (Agustiani, 2021; Sutama & Indriyani, 2021), who 

found that students commonly experience reading, comprehension, 

transformation, processing skill, and encoding errors when solving 

mathematical problems. Such errors are often caused by inadequate conceptual 

understanding, flawed reasoning processes, forgetfulness, carelessness, 

insufficient knowledge of formulas and solution procedures, and the 

cumulative effects of errors made in previous stages. A summary of the findings 

is presented in Table 2. 

Table 2 

Research Results 

SRL 

Category 

Functional 

Thinking 

Framework 

Newman Error Information 

High and 

Moderate 

SRL 

Define a 

recursive pattern 

Determine 

covariational 

relationships 

Determine 

correspondence 

Comprehension  

errors 

 

2.1 Comprehension  

      errors 

 

3.1 Comprehension  

      errors 

3.2 Transformation  

      errors 

Students were unable 

to understand the 

instructions provided 

in the problem, 

employed 

inappropriate 

solution strategies, 

which resulted in 

incorrect solutions, 
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3.3 Processing skill  

      errors 

3.4 Encoding errors 

and failed to provide 

valid conclusions. 

 

Low 

SRL 

Define a 

recursive pattern 

Determine 

covariational 

relationships 

Determine 

correspondence 

1.1 Reading errors 

Comprehension  

errors 

2.1 Reading errors 

2.2 Comprehension  

      errors 

3.1 Reading errors 

3.2 Comprehension  

      errors 

 Transformation    

 errors 

3.4 Processing skill  

      errors 

3.5 Encoding errors 

Students were unable 

to read the questions 

accurately, identify 

the relevant 

information and 

problem 

requirements, 

understand the 

instructions 

provided, develop 

appropriate solution 

strategies, solve the 

problems correctly, 

and formulate valid 

conclusions. 

CONCLUSION 

This study identified three patterns of Newman errors in students’ 

functional thinking based on their levels of self-regulated learning (SRL). 

Students with high and moderate SRL exhibited similar types of Newman errors, 

although the characteristics of their responses differed. These errors included 

comprehension errors, transformation errors, processing skill errors, and 

encoding errors, while no reading errors were observed. In contrast, students 

with low SRL demonstrated all five types of Newman errors, namely reading 

errors, comprehension errors, transformation errors, processing skill errors, and 

encoding errors. These findings suggest that students’ levels of self-regulated 

learning may influence the types of errors they make when solving functional 

thinking problems. Future studies are recommended to examine the relationship 

between functional thinking and self-regulated learning using broader samples 

and different research designs. 
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  f  ( x ) = x + 5
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